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CHAPTER  I 
INTEODUCTION 

The  arrangement  adopted  in  Volume  I  lias  been  continued  in  this.  An 
attemjjt  has  been  made  to  group  the  diseases  according  to  the  avenues 
through  which  the  virus  reaches  and  infects  the  bod}^  This  attempt 
has  been  only  partially  successful.  There  are  some  epidemic  diseases 
for  which  there  is  no  specific  virus  and  there  are  others  in  which  the 
avenues  of  infection  may  be  multiple.  A  rough  classification  of  the 
diseases  discussed  in  this  volume  appears  as  follows:  (1)  Nutritional 
disorders.     (2)  Alimentary  infections.     (3)  Percutaneous  infections. 

We  have  not  hesitated  to  include  in  a  work  on  epidemiology  certain 
nutritional  disorders,  such  as  scurvy  and  beriberi,  but  there  are  diseases, 
the  classification  of  which  has  not  been  finally  and  conclusively  deter- 
mined. We  are  thinking  now  of  rickets  and  pellagra.  That  infection 
with  a  living  organism  is  not  considered  in  the  causation  of  scurvy  and 
beriberi  at  present  seems  quite  certain,  although  this  conclusion  may  be 
invalidated  b}'  future  investigation.  Just  how  large  a  part  is  played  in 
the  development  of  pellagra  and  rickets  by  an  unbalanced  diet  we  are 
not  able  at  present  to  say.  Likewise,  we  are  still  very  much  in  the  dark 
as  to  infection  in  the  development  of  goitre.  There  has  always  been 
before  us  the  big  subject  of  the  relation  between  malnutrition  and  sus- 
ceptibility to  infection.  At  present  we  are  ready  to  admit  our  igno- 
rance on  many  points. 

That  food  poisoning  is,  for  the  most  part  at  least,  due  to  infection  of 
the  food  seems  to  be  no  longer  doubtful.  The  infecting  organism  in  the 
food  may  continue  to  grow  and  multiply  in  the  animal  body  or  it  may, 
outside  the  body,  produce  a  toxin  to  which  all  deleterious  effects  are 
due.  There  is  a  tendency  at  present  to  attribute  all  forms  of  food 
poisoning  to  the  bacillus  botulinus.  This  is  certainly  an  error.  There 
can  be  no  doubt  that  there  are  many  bacteria  in  the  colon-typhoid  group, 
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including  the  paratyphoids,  which  may  so  alter  foods  outside  the  body 
that  speedy  effects  follow  eating,  or,  in  other  cases,  a  real  infection  may 
develop.  Food  poisoning  due  to  putrefactive  changes  in  the  food  before 
this  is  taken  into  the  body  is  now  very  rare  compared  with  what  it  was 
30  or  40  years  ago.  This  is  due  to  the  greater  care  given  to  the  prepara- 
tion and  care  of  food.    Especially  is  this  true  of  milk  and  milk  products. 

We  have  taken  occasion  in  this  volume  to  repeatedly  call  attention 
to  the  difference  in  scope  between  epidemiology  and  bacteriology.  We 
have  tried  to  show  that  the  former  is  much  broader  and  embraces  the  latter. 
In  the  chapter  on  Asiatic  cholera  we  have  dwelt  upon  the  fact  that  the 
epidemiology  of  this  disease  was  quite  worked  out  and  sufficiently  well 
known  to  form  the  basis  of  rules  and  regulations  by  which  the  jprogress 
of  the  disease  was  arrested  long  before  the  specific  vibrio  had  been  dis- 
covered. This  is  true  of  other  diseases  as  well.  When  it  was  shown 
early  in  the  nineteenth  century  that  the  spread  of  typhoid  fever  depends 
solely  upon  the  disposition  of  the  fecal  discharges  of  the  infected  per- 
son the  main  point  in  the  epidemiology  of  this  disease  was  solved.  It  is 
true  in  both  typhoid  fever  and  Asiatic  cholera  that  bacteriology  has 
enabled  us,  first,  to  recognize  promptly  and  with  certainty  the  disease, 
and,  in  the  second  place,  to  detect  carriers. 

We  are  quite  aware  of  the  fact  that  we  have  not  done  justice  to  the 
animal  parasitic  infestations.  These  are  not  of  so  much  importance  in 
this  as  in  certain  other  countries,  but  we  would  have  liked  to  have  gone 
more  fully  into  them  had  space  permitted. 

Following  out  the  plan  we  announced  in  the  first  volume  we  are 
leaving  the  venereal  diseases  and  public  health  administration  for  the 
third  volume.  Possibly  we  may  be  able  to  include  certain  local  infec- 
tions in  that  volume. 

In  the  preparation  of  this  volume  we  have  enjoyed  the  facilities  of 
the  Library  of  the  Surgeon  General.  In  utilizing  these  books  we  are 
indebted  for  many  courtesies  to  Major  General  Merritte  W.  Ireland, 
Surgeon  General  United  States  Army,  Brigadier  General  Robert  E.  Noble, 
Librarian,  and  to  Assistant  Librarians  Neumann,  Tucker,  Martin  and 
Hall.  Colonel  Charles  F.  Craig  has  kindly  read  the  chapters  on  typhoid 
fever,  dysentery,  and  malaria,  to  all  of  which  subjects  he  has  made 
valuable  original  contributions.  The  chapter  on  relapsing  fever  has 
been  read  by  Professor  Frederick  G.  Novy,  of  the  University  of 
Michigan,  whose. name  will  always  be  prominently  identified  with  the 
fundamental  researches  into  the  causation  of  the  different  forms  of 
this  disease.  Tularemia,  a  disease  discovered  by  the  U.  S.  Public  Health 
Service,  has  been  discussed  under  the  supervision  of  Dr.  Francis  of 
that  Service.  The  chapter  on  rabies  has  been  read  in  part  by 
Lieut.-Colonel  James  G.  Gumming,  whose  discovery  of  a  modified  treat- 
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ment  of  this  disease  has  received  general  recognition.  In  the  prepara- 
tion of  our  article  on  botulism  we  are  indebted  for  valuable  suggestions 
to  Professor  W.  D.  Bigelow,  Scientific  Director  of  the  Laboratories  of 
the  National  Canners  Association,  Professor  Meyer,  of  the  University 
of  California,  and  Dr.  Geiger,  of  the  U.  S.  Public  Health  Service,  have 
permitted  us  to  read  and  to  utilize  materials  contained  in  papers  on 
botulism  which  they  have  prepared  but  have  not  yet  published.  To  all 
these  gentlemen  our  thanks  are  hercAvith  tendered.  The  illustrations 
in  this  volume  were  prepared  by  Mr.  Harold  Corsett,  of  the  Engineer- 
ing Section  of  the  Detroit  Department  of  Health.  "With  the  kind  per- 
mission of  the  International  Board  of  Health  we  have  utilized  some  of 
their  charts. 


CHAPTER  II 
ACCESSORY  FOOD  FACTORS 
VITAMINS 

Discussion. — Some  thirty  years  or  more  ago  it  seemed  that  the  chemist 
had  solved  all  the  problems  concerning  the  nature  and  composition  of  our 
foods.  He  had  determined  the  amount  of  water  in  every  organ  and  tissue 
in  man's  body;  had  estimated  the  amount  of  moisture  in  our  foods;  had 
calculated  the  quantity  of  fluid  that  the  average  man  should  consume  each 
day;  had  determined  the  amount  of  water  leaving  the  body  daily  through 
the  kidneys,  bowels,  skin,  and  lungs.  He  had  made  both  qualitative  and 
quantitative  determinations  of  the  inorganic  constituents  of  bone,  muscle, 
and  brain;  had  estimated  the  amount  of  each  of  these  substances  in  our 
foods  and  had  shown  how  they  are  absorbed  and  assimilated.  He  had 
proved  that  all  carbohydrates,  so  far  as  they  serve  as  foods,  are  converted 
into  sugars  in  the  alimentary  tract,  absorbed  through  the  hepatic  circula- 
tion, deposited  in  the  liver  as  glycogens,  again  converted  into  sugar  and 
distributed  through  the  body  at  need ;  again  deposited  in  muscle  and  other 
tissue  as  glycogen,  and  finally  burned  into  carbonic  acid  and  water,  thus 
supplying  the  animal  machine  with  energy.  He  had  broken  up  the  neutral 
fats  into  glycerin  and  fatty  acids ;  had  shown  how  a  like  process  is  accom- 
plished in  digestion ;  how  the  digested  fats  are  absorbed,  distributed  through 
the  body,  and  finally  burned,  with  a  further  supply  of  energy.  He  had 
taken  the  proteins  of  our  tissues  and  of  our  foods  to  pieces ;  had  shown  that 
the  proteins  are  composed  of  amino  acids;  had  determined  the  amount  of 
amino  acid  in  the  various  proteins  of  the  human  body  and  calculated  the 
daily  supply  of  amino  acid  needed  to  keep  the  body  in  health.  He  had 
constructed  long  tables  showing  the  percentages  of  water,  inorganic  salts, 
carbohydrates,  fats,  and  proteins  iii  foods.  He  had  calculated  the  amount 
of  each  food  principle  essential  to  the  daily  diet  in  order  to  supply  the 
machine  with  sufficient  energy  to  enable  it  to  accomplish  its  work,  and  with 
sufficient  constructive  material  to  repair  any  wear  and  waste  in  the  ma- 
chine itself.  He  had  determined  that  our  daily  diet  should  consist  of  so 
much  water,  so  much  and  certain  kinds  of  inorganic  salts,  so  much  carbo- 
hydrate, fat,  and  protein.  He  believed  one  carbohydrate  to  be  as  good  as 
another,  provided  the  two  were  equal  in  energy  content ;  that  one  fat  could 
supplant  another  in  our  food,  provided  that  in  the  exchange  quantity 
should  be  considered ;  that  proteins  consist  of  amino  acids  and  each  of 
these  must  be  present  in  at  least  the  minimum  amount  necessary  to  build 
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up  the  proteins  of  the  human  body.  He  emphasized  the  necessity  of  be- 
ing in  a  state  of  nitrogen  equilibrium,  with  the  amount  of  each  element 
equal  in  the  ingesta  and  the  egesta.  All  these  things  and  more,  the  chemist, 
as  we  have  said,  had  done  thirty  years  or  more  ago.  What  was  there 
remaining  for  him  to  do?  He  had  made  it  possible,  apparently,  to  cal- 
culate the  kind  and  amount  of  food  principle  daily  necessary  in  the 
ingesta  according  to  the  age,  Aveight,  condition,  and  activities  of  the  in- 
dividual; in  short,  he  believed  that  he  had  actually  figured  out  our  food 
needs,  so  far  as  amount  and  variety  are  concerned,  quite  as  accurately 
as  had  been  done  for  the  fuel  necessary  to  run  a  steam  engine  carrying 
a  given  load.  It  is  true  that  the  chemist  had  read  the  writings  of  Lind 
and  others,  concerning  scurvy,  and  possibly  had  gone  through  the  unin- 
teresting details  of  Malcolmson  and  others  concerning  beriberi,  but  he 
probably  regarded  these  as  matters  of  but  little  importance.  The  next 
thing  that  he  attempted  to  do  was  to  put  together  his  purified  food  prin- 
ciples, seeing  that  each  was  in  perfect  condition  and  composition,  and 
try  the  feeding  of  animals  with  these  substances.  He  took  purified  min- 
eral salts,  carbohydrate,  fats,  and  protein  in  proper  amount  and  tried 
the  feeding  of  this  mixture  to  animals.  Strange  to  say,  he  found  that 
his  animals  did  not  live  on  these  purified  food  principles,  although  both 
in  quality  and  in  quantity  there  was  nothing  wanting  in  either;  in  other 
words,  the  chemist  learned  that  there  is  something  more  than  the  five 
food  principles  necessary  in  order  to  maintain  the  health  and  preserve 
the  life  of  his  experimental  animals.  For  a  while,  he  thought  that  there 
might  be  a  deficiency  in  one  or  more  amino  acids  in  his  purified  protein,  and, 
when  this  was  found  to  be  the  case,  he  supplied  the  lacking  amino  con- 
stituent. Purified  gliadin,  one  of  the  wheat  proteins,  was  found  in- 
sufficient when  mixed  with  other  food  principles  to  support  life,  but  gliadin 
is  known  to  be  wanting  in  one  amino  acid,  lysin.  This  was  prepared 
and  added  to  the  purified  gliadin.  "With  this  addition,  this  protein  was 
mixed  with  mineral  salts,  carbohydrates,  and  fats,  and  still  it  was  found 
that  animals  fed  on  the  preparation  did  not  do  well.  The  chemist  then 
recalled  the  experiments  of  Eykman  and  others  in  the  production  and  cure 
of  polyneuritis  in  birds  and  the  application  of  this  principle  to  the  treat- 
ment of  beriberi  in  man.  As  early  as  1906  Hopkins,  after  failure  to  keep 
animals  in  health  on  purified  protein,  carbohydrates,  and  fats,  recognized 
the  fact  that  besides  these  there  are  certain  other  essential  constituents  of 
the  diet  and  he  proposed  that  they  should  be  called  ''accessory  food  fac- 
tors. ' '    At  that  time  Hopkins  wrote : 

"But,  further,  no  animal  can  live  upon  a  mixture  of  pure  protein,  fat  and  carbo- 
hydrate, and  even  when  the  necessary  inorganic  material  is  carefully  supplied  the 
animal  still  cannot  flourish.  The  animal  body  is  adjusted  to  live  either  upon  plant 
tissues  or  the  tissues  of  other  animals,  and  these  contain  countless  substances  other 
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than  the  proteins,  carbohydrates,  and  fats.  Physiological  evolution,  I  believe,  has 
made  some  of  these  well-nigh  as  essential  as  are  the  basal  constituents  of  diet; 
lecithin,  for  instance,  has  been  repeatedly  shown  to  have  a  marked  influence  upon 
nutrition,  and  this  just  happens  to  be  something  already  familiar,  and  a  substance 
that  happens  to  have  been  tried.  The  field  is  almost  unexplored;  only  is  it  certain 
that  there  are  many  minor  factors  in  all  diets,  of  which  the  body  takes  account. 
In  diseases  such  as  rickets,  and  particularly  in  scurvy,  we  have  had  for  long  years  knowl- 
edge of  a  dietetic  factor;  but  though  we  know  how  to  benefit  these  conditions  empiri- 
cally, the  scale  errors  in  the  diet  are  to  this  day  quite  obscure.  They  are,  however, 
certainly  of  the  kind  which  comprises  these  minimal  qualitative  factors  that  I  am 
considering.  Scurvy  and  rickets  are  conditions  so  severe  that  they  force  themselves 
upon  our  attention,  but  many  other  nutritive  errors  affect  the  health  of  individuals 
to  a  degree  most  important  to  themselves,  and  some  of  them  depend  upon  unsus- 
pected dietetic  factors. ' ' 

Since  that  time  many  investigators  have  engaged  in  attempts  to  ac- 
quire some  knowledge  of  these  mysterious  bodies.  Funk,  who  has  con- 
tributed much  of  value  along  this  line,  seems  to  have  been  dissatisfied  with 
the  designation  of  them  chosen  by  Hopkins  and  proposed  that  they  be 
called  vitamines.  This  term,  like  many  others  selected  prematurely  by 
scientific  investigators,  has  turned  out,  with  our  increasing  knowledge,  to 
be  quite  unsatisfactory.  The  prefix,  vita,  would  indicate  that  these  sub- 
stances are  essential  to  health  and  life.  While  this  is  true,  it  is  equally 
true  of  any  one  or  of  all  of  the  five  food  principles.  The  second  part  of  the 
word,  amine,  had  already  had  a  specific  meaning  in  chemical  nomenclature, 
in  which  an  amine  is  a  compound  formed  by  the  substitution  of  an  organic 
radical  for  one  or  more  of  the  hydrogen  atoms  in  ammonia.  There  is  no 
reason  for  believing  that  any  one  of  the  accessory  food  factors  is  an  amine 
in  the  chemical  sense.  The  reader  must,  therefore,  bear  in  mind  that  the 
word  ''vitamine"  is  inappropriate  in  this  connection  and  we  use  it,  not- 
withstanding the  objections  we  have  urged  against  it,  because  it  has  become 
fixed  in  medical  and  scientific  literature.  McCoUum,  after  registering  his 
protest  against  the  term  vitamin,  designates  the  accessory  food  factors  by 
their  solubility,  as  fat-soluble  A  and  water-soluble  B,  but,  as  some  one  has 
pointed  out,  there  is  objection  to  this,  because  solubility  depends  upon  the 
absence  or  presence  of  other  substances.  Moreover,  the  water-soluble  B  is 
also  soluble  in  at  least  ninety  per  cent  alcohol  and  the  fat-soluble  A  has 
been  reported  as  extractable  from  fats  by  means  of  water.  It  has  been  sug- 
gested that  in  order  to  avoid  the  confusion  of  the  term  vitamine  with  the 
amines  spoken  of  by  organic  chemists  we  write  the  word  mthout  the  final 
"e",  but  this  is  frequently  done  by  the  organic  chemist. 

We  shall  begin  our  discussion  of  the  accessory  food  factors  with  the 
work  of  McCollum  and  his  colleagues,  notwithstanding-  the  fact  that  in 
point  of  time  there  were  important  contributions  to  this  subject  before 
McCollum  began  his  researches.     This  talented  investigator,  working  at 
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the  "Wisconsin  Experiment  Station,  took  four  groups  of  heifers,  weighing 
about  300  pounds  each.  Each  group  was  kept  separately,  properly  stabled 
and  allowed  the  run  of  an  open  lot  free  from  vegetation.  The  sole  food  of 
the  first  group  consisted  of  the  wheat  plant,  the  grain,  straw,  and  the  ad- 
dition of  wheat  gluten;  the  second  group  was  confined  to  the  corn  plant 
and  its  products,  including  grain,  corn  gluten,  leaves,  and  stalks.  The 
third  group  had  only  rolled  oats  and  oat  straw,  while  the  fourth  group, 
intended  to  serve  as  controls,  was  fed  about  equal  parts  of  wheat,  corn 
and  oat  products.  All  the  animals  in  these  groups  were  watered  from  the 
same  supply  and  had  common  salt  ad  libitum.  All  ate  about  the  same 
amount,  apparently  digesting  it,  and  suffered  from  no  recognized  disease. 
After  one  year  on  these  diets  the  members  of  the  corn-fed  group  were  sleek, 
fine,  and  apparently  in  an  excellent  state  of  nutrition.  The  members  of 
the  wheat-fed  group  were  rough  coated,  gaunt,  and  of  small  girth.  The 
weights  of  the  two  groups  did  not  differ  materially.  The  members  of  the 
oat-fed  group  and  of  those  fed  upon  the  mixed  plants  stood  intermediate 
between  the  corn  and  wheat  lots.  The  corn-fed  animals  were  in  every  way 
better  off,  at  least  of  better  appearance,  than  the  members  of  any  other 
group.  In  due  course  of  time  all  these  animals  produced  young.  The 
calves  of  the  corn-fed  animals  weighed  at  birth  from  73  to  75  pounds, 
came  at  the  right  time,  were  able  to  stand  and  nurse  within  an  hour  after 
birth,  and  grew  into  vigorous  animals.  The  young  of  the  wheat-fed  group 
averaged  46  pounds  at  birth,  came  from  three  to  four  weeks  too  soon,  and 
were  either  born  dead  or  died  within  a  few  hours.  The  young  of  the 
oat-fed  animals  averaged  71  pounds,  came  two  weeks  too  soon,  one  of  the 
four  was  born  dead  and  two  were  weak  and  died  within  a  day  or  two, 
while  the  fourth  was  weak  but  Avas  kept  alive  with  care.  The  young  of 
those  fed  upon  the  mixed  plants  were  weak,  one  was  born  dead  and  one 
lived  but  six  days. 

During  the  first  30  days  of  lactation  the  average  production  of  milk  per 
day  for  each  animal  in  the  corn-fed  lot  was  24.03  pounds ;  in  the  wheat-fed, 
8.04;  in  the  oat-fed,  19.38;  in  those  fed  on  mixed  plants,  19.82  pounds. 
The  only  abnormality  that  could  be  found  in  the  excretions  of  these  animals 
was  that,  while  the  urine  of  the  other  groups  was  neutral  or  alkaline  as  it 
should  be,  that  of  the  wheat-fed  group  was  distinctly  acid.  No  explanation 
for  this  difference  has  been  found.  These  animals  were  continued  under 
the  experiment  through  a  second  period  of  gestation  and  lactation  with 
no  material  differences  from  those  that  characterized  the  first  year.  This 
is  a  very  striking  experiment  and  it  suggests  many  problems  which  are 
as  yet  unsolved.  It  will  be  easily  understood  that  the  repetition  of  this 
experiment  with  cattle  would  be  costly  and  would  require  many  j^ears  be- 
fore a  satisfactory  explanation  could  be  reached.  For  these  reasons  Mc- 
Collum  changed  his  experimental  investigations  over  to  rats.    The  average 
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length  of  a  rat's  life,  with  proper  food,  is  about  36  months.  The  female 
has  her  first  litter  at  about  120  days  and,  as  a  rule,  has  five  litters  by  the 
time  she  reaches  the  period  of  sterility,  which  is  14  months.  The  period 
of  gestation  is  21  days  and  the  young  are  ready  to  wean  at  the  age  of  25 
days.  These  qualifications  render  this  animal  highly  suitable  for  nutri- 
tional experiments.  McCoUum  found  that  when  he  fed  batches  of  rats 
upon  what  he  supposed  to  be  purified  food  principles,  the  daily  diet  con- 
sisting of  18  per  cent  purified  casein,  20  per  cent  supposedly  pure  lactose, 
about  5  per  cent  of  some  fat,  with  the  proper  mineral  addition  and  the 
remainder  of  starch,  the  animals  thrived  whenever  the  fat  in  the  mixture 
was  butter-fat  but  failed  when  butter-fat  was  replaced  by  lard,  olive  oil, 
or  other  vegetable  oils.  The  butter-fat  could  be  supplanted  by  fat  obtained 
from  egg  yolks  and  from  certain  other  animal  sources.  This  experiment, 
repeated  many  times,  shows  that  butter-fat  contains  something  which  is 
not  found  in  vegetable  fats  and  that  the  latter  cannot  be  substituted  for 
the  former.  There  is,  therefore,  in  butter  an  accessory  food  factor,  and 
McCollum  has  designated  this  as  fat-soluble  A.  This  experiment  has  been 
repeated  so  often,  with  so  many  modifications  and  by  so  many  investigators, 
that  the  existence  of  fat-soluble  A  may  be  regarded  as  having  been  es- 
tablished. 

In  other  experiments,  McCollum  and  his  colleagues  found  that  when 
thoroughly  purified  lactose  or  milk  sugar  was  used  in  his  rat  dietary,  the 
animals  did  not  thrive  even  when  butter-fat  was  a  constituent  of  their  food. 
This  indicated  that  the  impure  milk  sugar  contains  some  substance  essential 
to  growth,  the  character  of  which  is  unknown.  Subsequent  investigations 
have  shoAvn  that  this  is  a  second  accessory  food  factor  and  it  is  now  desig- 
nated as  water-soluble  B.  The  fat -soluble  A  is  found  in  butter,  certain 
other  animal  fats,  and  in  the  leafy  parts  of  plants.  The  water-soluble  B 
is  widely  distributed  in  nature  and  is  now  recognized  as  the  antiberiberic 
vitamin. 

Independently  of  McCollum,  and  indeed  prior  to  his  publications,  Sop- 
kins,  in  England,  had  found  experimentally  that,  while  animals  fed  upon 
purified  protein,  carbohydrate,  fats,  and  mineral  salts,  did  not  grow  and, 
indeed,  did  not  maintain  body  v/eight,  they  did  thrive  when  to  the  above- 
given  diet  there  w^as  added  enough  milk  to  supply  four  per  cent  of  the  total 
dry  matter  of  the  food  mixture.  Stepp  found  that  mice  thrive  satisfactorily 
when  fed  on  bread  made  with  milk;  that  the  residue  left  after  extracting 
this  bread  with  alcohol  did  not  support  the  mice,  but  returning  to  the  bread 
the  substance  extracted  with  the  alcohol,  rendered  it  a  satisfactory  food. 
In  view  of  McCollum 's  work,  the  explanation  of  this  is  that  the  fat-soluble 
A  in  the  bread  and  due  to  the  milk  was  extracted  from  the  bread  with  the 
alcohol. 

It  should  be  elearlv  understood  that  fat-soluble  A  and  water-soluble  B 
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are  different  and  distinct  substances  and  that  one  of  these  in  the  food  does 
not  do  away  with  the  necessity  for  the  presence  of  the  other.  The  addition 
of  butter-fat  or  fat-soluble  A  to  polished  rice  does  not  prevent  the  develop- 
ment of  polyneuritis  in  birds  or  of  beriberi  in  man,  nor  will  such  a  food 
cure  these  diseases. 
MeCollum  says : 

''(1)  Seed  mixtures,  no  matter  liow  complex,  or  from  what  seeds  tliey  are  de- 
rived, will  never  induce  optimum  nutrition.  Seeds  with  tubers,  or  seeds  with  tubers, 
roots,  and  meat  (muscle)  will  in  all  cases  fail  to  even  approximate  the  optimum  in 
the  nutrition  of  an  animal  during  growth.  (2)  The  only  successful  combinations 
of  natural  foods  or  milled  products  for  the  nutrition  of  an  auinial  are  (a)  com- 
binations of  seeds,  of  other  milled  products,  tubers  and  roots,  either  singly  or 
collectively  taken  with  sufficient  amounts  of  the  leaves  of  plants;  (b)  combinations 
of  the  foodstuffs  enumerated  under  (a)  taken  along  with  a  sufficient  amount 
of  milk  to  make  good  their  deficiencies.  MilJo  and  the  leaves  of  plants  are  to  he 
regarded  as  protective  foods  and  shoiiild  never  ie  omitted  from  the  diet.  Milk  is  a 
ietter  protective  food  than  are  the  leaves,  when  used  in  appropriate  amounts." 

According-  to  MeCollum,  meats  (muscle)  compare  in  their  dietary  prop- 
erties more  closely  with  the  seed  than  with  the  leaf,  only  that  the  protein 
in  meat  is  of  much  higher  biologic  value  than  that  in  seeds.  The  glandular 
organs,  the  liver,  kidneys,  thyroid,  spleen,  etc.,  are  richer  in  both  fat- 
soluble  A  and  water-soluble  B  than  is  muscle,  although  the  glandular 
organs  mentioned  contain  certain  substances  which  are  so  highly  active 
that  too  much  of  them  or  too  long  continuance  of  their  use  in  large  quantity 
might  do  harm.  The  yolk  of  eggs  is  also  rich  in  fat-soluble  A  and  water- 
soluble  B,  but,  of  course,  it  will  be  understood  that  eggs  are  deficient  in 
carbohydrates  and  in  mineral  constituents  and  these  deficiencies  should 
be  made  good  by  the  addition  of  other  foods  to  the  diet.  Fat -soluble  A 
is  apparently  quite  resistant  to  high  temperature  and  to  subjection  to 
other  processes  employed  in  the  preparation  and  preservation  of  food. 
Osborne  and  Mendel  state  that  passing  of  steam  through  melted  butter 
for  two  hours  has  no  deteriorating  influence  upon  its  growth-promoting 
properties.  Butter  in  evaporated  milk  seems  to  be  quite  as  effective  as 
that  in  the  freshly  drawn  fluid.  There  can,  therefore,  be  no  serious  objec- 
tion from  this  standpoint  to  the  use  of  canned  milk  or  dried  milk  powder. 
A  like  persistence  of  fat-soluble  A  is  evident  in  the  examination  of  dried 
leaves.  Alfalfa  leaves  may  be  dried,  ground  into  powder,  and  kept  in- 
definitely, so  far  as  investigations  up  to  the  present  time  go,  without  mate- 
rial loss  in  their  content  of  fat-soluble  A.  MeCollum  states  that  celery 
tops  may  be  dried  in  the  sun  or  by  artificial  heat  in  a  current  of  air,  with 
preliminary  treatment  with  steam,  without  loss  in  the  fat-soluble  A  con- 
stituent. 

MeCollum  is  quite  positive  that  there  are  only  two  accessory  food  factors. 
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and  IJicw  arc  fai-solubio  A.  and  wai(;r~.solublc  li.     IJc  jh  ko  ccrtairj  of  this 

ll)jj,i  })C  rnakcH  the  i'oJlowirjg  Hi'dUmiant  Jn  itaJicH: 

"(t  5«  now  wol)  (UimortHtrtitcd  that  with  the  flietH  employed  in  lOurof;';  ari'J 
America  there  i«  W)  Hiich  thixjg  mm  a  ' v'ltaiiniKi'  probleio  other  tli.un  thiit  of  HecurJiig 
;j;i  Jifjequate  /tmourit  oi'  the  Hubaiuncc,  i'Ht-Kolutde  A." 

Wc  Kuj^poHf!  that  in  rna'kinj^  thin  Btat<;tn(;ni  the  auilior  docs  not  JtieJij(J(; 
ht"d'/M  and  Ncwfonndhaid  iti  Arncrie,;!.^  bficause  the  oxiHtcncc  of  bcriiniri 
in  Uiciic  p;i,rl„s  of  South  an(J  INorih  America  is  now  woJI  roco^ni/od. 

Xcropfithalinia.  McOWIurri  and  his  <;olloa(4UOS  havo  found  thai  when 
ratH  ar<;  \'<ul  u()on  u,  cjirji  (j(;fici(;nt  in  fat-sol uhh;  A  Ihc  oycs  swell  badly  juid 
;j.rc  of>r;nod  not  at  a,ll  or  with  (Jinieulty.  'J'ho  cornea  becomes  jn/larned. 
and  if  fat-sol ubh;  A  is  n<^t  a(J(Jed  to  the  diet,  blindness  speedily  resuHs. 
A  IJ'ko  condition  \\;u\  been  previouHly  obHcrvcd  by  Osborne  and  Mendel  ;i,nd 
i\i(',y  also  found  |,li;d,  il,  i;;  r'clicv(!d  by  tfie  additon  ol'  butter-fat  to  the  food. 
With  r>  \)(',r  <-A'ji\,  or  more  ol!  this  substance  a(J<J<;<J,  pronifjt  recovery  Tol- 
lowH  wltfiin  two  weeks  if  tlie  sij^ht  has  not  f)een  destroytid,  arnj  ev(!n  nl'ter 
the  sij/hl,  lia,s  Ix'cn  desl,r(;ycd  Ihc  lids  tnay  be  reslorcfj  to  the  normal  condi- 
l,ion  by  iJie  addition  ol'  builer  fat.  In  11)04  Mori  r(;poried  1,400  cases  of 
^ej'ofdiUiabriia  anion*.';  children  in  .japan  at  a  time  ol'  fo(j(J  scarcity.  Il(! 
V(:\)t)ri,H  a,  crnidiiion  ol'  l,h(!  (!y<!S  which  avTccs  eji^sely  wil.h  that  observ(Hl 
by  IVIc( 'olliHri  and  his  <;o|lea^<ues  in  animals.  JVIori  foun<),  an(J  it  will  b(! 
un(J(!rHl,ood  that  1/liis  obs<!rvaiion  was  made  iMil'ore  McCollum's  work  was 
<lonc,  that  the  <|i;;('aKe  auionj';  r-liiblrcn  was  cured,  or  a,t  least  '^nially  im 
prove<l,  by  I'cM'dinjj;'  witli  chic,ken  Jivcu'S.  In  .|a,|)a,n,  dairy  pffjdueis  are  l)ut 
little,  <',m|)loy(!d  and  their  |)rincipa.l  sotjrces  of  fa,!  soluble  A  lie  in  their  lea,fy 
veg'etjj,bles  a,nd  their  <->';>';h,  Ihe  I'ormcr  of  which  they  consume!  in  hir^'cr 
(jua,rd,ities  than  is  dom;  eith(;r  in  MurofX!  or  Amorica,.  It  was  Mori's 
opinion  l\\uX  i\\(;  xero[>htliabriia  which  he  observed  was  due  to  fat  starvation, 
'riic  (JisoaHe  was  not  seen  a,moii;«;  Ihose  who  lived  lar'ji^'cly  on  fish.  More 
rc(!ently,  xerophthalmia,  with  uh-eration  ol'  the  eorne;i,  has  be(!n  reporter! 
by  Jilocli  in  aboid,  40  ca,ses  in  the,  vicinity  ol'  <  !op(!nha,^",'(!n.  'IMie  food  of 
th(fse  eliildren  had  b(!en  HkJntmed  rriillc  and  tln^y  were  n,nemie  and  jj^reatly 
wasted.  I'l(»e|i  bel:iev<(d  the  diH(fa,se  of  the  r.yv,  to  be  due  to  I'at  starvation 
a,nd  li(i  found  that  infants  reeover<'d  prcanptly  wIk'u  I'cd  br()a,st  niilk  and 
older  ones  wh(!n  }j;'iven  whole  inilK  and  end  livi^r  (til.  (!/,(;rny  arid  K(!lhir 
reporte«|  a,  sitriihu'  eonditi<»n  <»!'  the  eye;;  in  eliildren  in  heipsi*^  and  they 
aJlribiited  it  1-o  restriction  to  a.  cfU'caJ  di(!t.  Accdrdin;^-  to  ,Mc('olliim, 
\(!rophtlialmia,  ajid  IxvribcM'i  a,r(5  the  only  diseases  which  can  in  any  pi'oper 
sense  be  ela,ssed  as  dedeieney  diseases,  Ihe  rormer  beiii;';  due  to  the  abs(Mice, 
of  fat-soluhle  A  and  the,  l;itt(M'  to  the  aJ)Heiie,(t  of  wa,ter  solid)le  !»  from  flu^ 
diel;.  While  Neroplithalmia,  may  be  the  only  <liseas(!  caused  by  the  aJ)H(Mie(^ 
of  fal  soluble  \  and  while  beriberi  ina,\'  be  (he  only  <lisea,S(i  caused  by  the 
llJiH<'liee    of    water  soluble    l>,    deliciciiele!;    ill    IIk'     food     ill    eillier    or    both    ol' 
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these  factors  interfere  with  growth  in  the  young  and  rednee  the  efficiency 
of  the  adnlt.  In  their  earlier  experiments  Osborne  and  Mendel  were  able 
to  keep  full-grown  rats  for  a  short  time  in  apparent  health  and  in  a  state 
of  nitrogen  ei|uilibrium  on  puritied  food  prinoiplos,  provided  that  the  pro- 
tein eontaiuod  all  the  essential  amino  acids.  Long  continuance  on  this  diet 
atfeeted  the  health  of  adults  and  on  it  young  animals  failed  to  grow- 
normally.  The  same  investigators  found  that  the  growth  of  young  animals, 
arrested  under  the  restricted  diet,  was  awakened  into  fresli  activity  by 
the  addition  of  what  they  at  that  time  designated  as  "'protein  free  milk.'* 
This  preparation  was  made  by  coagulating  skimnted  milk,  drying  the 
coagulum  and  reducing  it  to  a  line  powder.  AYith  our  present  kitowledge 
we  are  jnstitied  in  assuming  that  the  powder  thus  obtained  contained  at 
least  traces  of  both  fat-soluble  A  and  water-soluble  B. 

The  relation  of  nutrition  to  diseases  of  the  eyes  has  in  late  years  cou- 
I'orned  a  nninbor  of  observers  atul  investigators.  So  far  as  our  reading 
goes,  jMori,  whoiti  we  have  already  mentioned,  was  the  tirst  to  call  attention 
to  the  iutlueuee  of  a  diet  poor  in  milk  fat  upon  the  production  of  suppu- 
rative diseases  of  the  eyes  in  chiUlreiu  In  1900  Falta  and  Noeggx^rath,  in 
feeding  rats  tipon  mixtures  of  casein,  lard,  starch,  and  dextrose,  observed 
that  at  the  beginning  of  the  fourtli  week  on  such  a  diet  many  animals 
developed  a  conjunctivitis  which  remained  incurable  so  long  as  this  diet 
wa^  persisted  in.  In  "lOOS  Knapp  repeated  these  observatiotis.  observed 
that  in  many  animals  ulcei*s  formed  on  the  cornea,  and  obtained  from  these 
lesions  bacteria,  mostly  staphylococci.  It  seems  that  Knapp  was  impressed 
with  the  fact  that  these  eye  diseases  were  not  duo  to  sta-rvation,  but  were 
due  to  the  absence  from  the  food  of  certain  factoi'S.    lie  wrote  as  folloW'S: 

••-It  N\;ii;  not  sUouo  tho  piouuntal  loss  of  .vosistswco  wMch  xn-odisposed  tlvoso 
auimaJs  to  these  catarrhal  jntl,nmmations,  but  an  additional  otiologie  factor  must 
bo  sought  for  in  tho  diot,  perhaps,  a  lack  of  an  important  oloment.  "Whether  this 
is  tho  case,  and  tho  nature  of  this  element  or  substance,  is  a  question  Avhiclv,  on  the 
basis  ot'  my  iuYestip\tious,  1  am  unable  to  answer.  Other  careuilly  conducted  ex- 
IHMiinoutal  invostisiations  avo  needed  bel'ove  a  solution  of  the  pvoblen\  will  be  found." 

In  11115  Preise,  (uWds^-lunidt  and  Frank  studied  the  ophthaln\ias  which 
frocinontly  follow  nnbalanccd  nuta'ition  and  came  to  tlie  conclusion  that 
tliese  diseases  were  due  solely  to  infection  ami  that  the  food  deficiency  was 
not  concerned  in  their  etiology.  More  recently,  Bnlley  came  to  the  con- 
clusion, after  a  series  of  experiments  that  ophthalmias  do  not  follow  neees- 
sjvrily  food  ilciicieticy  and  may  be  wholly  obviated  under  such  condition 
if  infection  is  prevented.  These  iindings  by  Freise  and  his  colleagues  and 
by  Hnlley  have  been  conti-adicted  by  numerous  observers,  all  of  wliom  con- 
chulr  that  I  ho  invosligaiions  oarriod  out  by  tltose  just  mentioned  failed  to 
dovolop  t>phlhahuias  beoanse  the  food  used  'had  not  been  thoroughly 
deprived  o\'  the  i'at  soluble  vitamin.    Stephensoit  and  Clark,  from  tho  same 
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laboratory  in  wliicli  Bulley  worked,  found  that  28  per  cent  of  tlieir  rats 
kept  on  a  diet  deficient  in  the  fat-soluble  vitamin  developed  ophthalmia 
and  every  case  was  cured  by  the  administration  of  this  vitamin.  Emmett 
induced  xerophthalmia  in  120  out  of  122  rats  kept  on  a  diet  from  which 
the  fat-soluble  vitamin  had  been  removed.  Osborne  and  Mendel  make  the 
following  report  on  1,000  rats  in  their  laboratories  under  different  forms 
of  feeding:  Of  136  fed  upon  diets  deficient  in  the  fat-soluble  vitamin,  69 
developed  ophthalmia ;  of  225  fed  upon  diets  deficient  in  the  water-soluble 
vitamin,  of  90  fed  upon  diets  otherwise  deficient,  of  201  fed  upon  adequate 
diets,  and  of  348  fed  upon  ordinary  mixed  food,  not  one  developed  oph- 
thalmia. Wason  has  reported  upon  a  pathologic  study  of  ophthalmias 
developed  in  the  laboratory  of  Osborne  and  Mendel,  and  states  her  conclu- 
sions as  follows : 

"(1)  The  lOTmaiy  etiologie  factor  in  the  oi)hthabnia  of  rats  on  deficient  diets 
is  the  lack  of  fat -soluble  vitamin  A.  (2)  The  nature  and  mechanism  of  the  change 
in  these  rats  whereby  their  corneas  are  rendered  susceptible  to  bacterial  invasion  is 
unknown.  (3)  The  type  and  virulence  of  the  organisms  of  secondary  invasion 
determine,  in  part  at  least,  the  course  of  the  disease.  (4)  The  anatomic  mani- 
festations of  the  disease  are  characterized  by  hyalinization  or  necrosis  of  the  outer 
layer  of  corneal  epithelium,  exudation  of  serum  and  cells  into  epithelium  and  stroma, 
and  a  proliferation  of  blood  vessels  and  fibroblasts.  In  advanced  cases  invasion  of 
the  anterior,  and  occasionally  of  the  posterior  chamber,  results.  (5)  The  degree  to 
which  restoration  is  possible  depends  upon  the  extent  of  the  secondary  injury. ' ' 

Cramer,  Drew  and  Mottram  report  that  a  food  deficiency  in  vitamins 
specifically  and  seriously  affects  the  lymphoid  tissue,  causing  marked 
atrophy  in  these  structures.  This  statement  needs  confirmation,  since 
it  is  not  probable  that  the  same  tissue  is  aff'ected  in  all  deficiency  diseases ; 
indeed,  we  are  quite  sure  that  this  is  not  true. 

Selection  of  Foods. — It  must  be  evident  from  what  has  been  said,  that 
foods  should  be  so  selected  and  so  mixed  that  not  only  each  of  the  five  food 
principles  is  present  in  sufficient  'amount,  but  each  of  the  vitamins  niust 
also  be  present.  The  best  food  for  herbivorous  animals  is  that  which  con- 
tains both  seeds  and  leaves.  There  is  certainly  no  mammal  which  can 
live  and  maintain  its  health  for  any  great  length  of  time  when  its  only 
food  supply  consists  of  grain,  tubers,  or  roots,  any  one  of  these  or  all  mixed. 
The  herbivorous  animal  must  have  a  mixture  of  grain,  or  seeds  and  leaves. 
Omnivorous  animals,  at  least  some  of  them,  may  be  kept  alive  and  in  fair 
condition  on  vegetable  foods  alone,  provided  both  the  seeds  and  leaves 
are  present  in  the  food.  McCoUum  and  his  colleagues  fed  rats  through 
four  generations  with  no  apparent  diminution  in  vitality  on  a  food  mixture 
consisting  of  50  per  cent  maize,  30  per  cent  dry  alfalfa  leaf,  and  20  per 
cent  cooked  peas,  subsequently  dried.  As  a  rule,  however,  the  omnivorous 
animal  does  better  upon  a  mixture  of  vegetable  and  animal  food.  Mc- 
Collum  showed  that  hogs  retain  in  their  bodies  for  growth  purposes  20 
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per  cent  of  the  protein  in  the  corn  they  eat  and  63  per  cent  of  the  protein 
in  the  milk  they  drink.  The  scientific  farmer  has  long  since  learned  that 
his  pigs  do  not  do  best  when  their  food  is  confined  to  grain.  In  some 
quarters  we  hear  nmch  about  the  danger  of  eating  too  much  animal  food, 
and  the  deadly  poisons  which  these  foods  are  supposed  to  contain  are 
accredited  with  many  of  the  ills  to  which  flesh  is  heir.  The  so-called  vege- 
tarian as  a  rule  adds  eggs  and  milk  to  his  daily  diet.  Eggs  and  milk  are 
quite  as  distinctly  of  animal  origin  as  are  beef  and  pork.  There  can  be  no 
question  that  an  unobjectionable  dietary  can  be  secured  by  the  employment 
of  vegetables,  milk,  and  eggs.  Some  years  ago  Slonaker  took  two  groups 
of  young  rats.  To  one  group  he  supplied  daily  ad  lihHum  23  vegetable 
foods.  This  group  v^as  not  given  any  animal  food.  The  second  group  had 
the  same  vegetable  foods  and  in  addition  thereto,  small  quantities  of 
animal  food.  The  vegetarian  group  did  well  for  a  time  but  never  passed 
beyond  60  per  cent  of  the  normal  adult  size.  The  average  length  of  life 
in  this  group  was  555  days.  The  omnivorous  group  grew  to  full  normal  size 
and  the  average  life  was  1,020  days  ,•  in  other  words,  the  vegetarians  grew 
to  a  little  more  than  one-half  the  adult  size  and  lived  a  little  more  than 
one-half  the  average  life.  Anatomically  man  is  not  so  constructed  that  he 
can  eat  large  quantities  of  leaves  and  herbs,  and  a  study  of  the  vitamins 
shows  that  in  order  to  grow  normally,  reach  proper  maturity,  do  his  work 
satisfactorily,  and  reproduce  his  kind  in  a  worthy  way,  man  must  exercise 
some  care  not  only  in  the  selection,  but  in  the  preparation,  of  the  foods  he 
eats.  We  are  not  alarmed  with  the  fear  that  scurvy  or  beriberi  is  likely  to 
become  an  important  factor  in  the  deterioration  of  the  people  of  the  United 
States,  but  we  do  claim  that  these  people  would  be  stronger,  freer  from  dis- 
ease, and  more  nearly  correct  in  their  mental  and  moral  attitudes  if  they 
selected  their  foods  more  wisely.  At  the  present  time  we  are  not  under 
the  necessity  of  going  to  Vienna  or  Prague  in  order  to  see  undernourished 
children.  They  are  numbered  by  the  thousands  in  our  large  cities  and  it 
is  not  difficult  to  find  them  in  our  villages  and  even  on  our  farms.  Under- 
nourishment and  its  accompaniments  are  to  be  seen  not  only  in  the  cliildren 
of  the  poor,  but  in  the  homes  of  the  well-to-do  and  the  rich.  The  belief 
that  instinct  and  desire  lead  every  feeding  animal,  and  especially  man,  to 
choose  what  is  best  for  him  is  erroneous.  The  young  men  drafted  from  the 
pellagrous  districts  in  our  southern  states  and  sent  to  camp,  for  a  time  re- 
belled at  the  kind  of  food  supplied  them  in  their  mess  tents,  although  this 
was  more  abundant,  more  varied,  and  more  nutritious  than  any  they  had 
ever  seen.  They  had  been  brought  up  on  hominy  or  corn  grits,  corn-bread, 
molasses,  tea  and  coffee,  and  they  sat  at  the  abundantly  supplied  tables  in 
the  camps  and  sighed  for  their  home  food.  Taste  for  food  is  a  matter  of 
education  and  habit  and  in  this,  as  in  other  directions,  bad  habits  are  easily 
acquired  and  long  continued.     Many  of  the  studies  in  food  consumption 
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that  have  been  made  are  not  only  worthless,  but  they  are  grossly  mis- 
leading. Because  a  thousand,  more  or  less,  people  living  in  a  certain  com- 
munity buy  and  consume  an  abundant  supply  of  food  is  by  no  means  proof 
that  each  individual  in  that  community  gets  or  chooses  the  proper  food 
either  in  quality  or  quantity.  We  may  go  further  and  say  that  because 
a  family  of  seven  or  eight  buys  so  many  eggs,  so  much  meat,  so  much  milk, 
etc.,  weekly  or  daily,  does  not  prove  there  are  not  in  that  family  one  or 
more  individuals  who  fail  to  get  proper  food.  Before  any  positive  and 
trustworthy  conclusions  can  be  drawn  concerning  the  effects  of  different 
foods  on  children,  we  must  know  that  each  child  gets  his  proper  proportion 
or  selects  the  food  that  is  best  for  him.  Fortunately,  the  nutritioii  of  chil- 
dren in  this  country  is  now  coming  under  the  observation  and  study  of  the 
physicians  of  the  health  departments  of  our  cities,  and  we  predict  that 
when  the  data  have  been  accumulated  through  a  few  years  it  will  be  shown 
that  even  here  in  this  rich  and  prosperous  country  and  even  in  the  homes 
of  the  well-to-do  and  rich,  there  are  children  who  are  suffering  because 
they  are  eating  insufficient,  unbalanced,  badly  prepared  food.  All  through 
the  papers  on  experimental  scurvy  and  beriberi  that  we  have  read  we 
are  impressed  with  the  fact  that  these  are  not  starvation  diseases,  but  that 
they  result  from  the  consumption  of  foods  either  unsuited  by  nature  or 
changed  in  their  preparation  for  the  table.  In  many  of  the  experiments 
in  the  production  of  beriberi  it  is  shown  that  the  disease  is  more  promptly 
and  more  severely  developed  with  increased  amount  of  carbohydrate  fed. 
The  enormous  quantities  of  candy  and  sugar  in  other  forms  consumed  by 
our  children  increase  the  amount  of  antiberiberic  vitamin  that  their  other 
foods  must  contain  in  order  to  keep  them  from  developing  distinctive  symp- 
toms of  beriberi.  The  children  of  the  well-to-do  and  many  of  those  of  the 
poor  eat  too  much  carbohydrate  and  drinlv  too  little  of  good  rich  milk.  This 
is  true  in  the  city,  in  the  village,  and  on  the  farm.  Coffee  or  tea  takes  the 
place  of  milk  in  the  early  years  of  life ;  white  bread  has  practically  driven 
the  whole-wheat  products  from  the  market ;  sweets  which  contain  no  vitamin 
of  any  kind  are  consumed  in  large  quantities,  ferment  in  the  alimentary 
canal,  encourage  the  growth  of  bacteria,  destroy  all  desire  for  vitamin  con- 
taining food ;  growth  is  arrested  in  the  young  and  the  degree  of  invalidism 
among  adults  is  increased. 

The  physician  should  take  a  broad  view  of  nutritional  disorders  and  he 
should  not  wait  until  scurvy,  beriberi  or  pellagra  has  developed  before  he 
makes  special  inquiry  into  the  dietaries  of  his  patients.  In  this  connection, 
we  make  the  following  quotation  from  Hess : 

"The  current  view  associates  deficiencies  of  the  various  vitamins  with  specific 
disorders,  for  example,  with  beriberi  or  with  scurvy.  Now,  although  it  is  quite  true 
that  such  diseases  demonstrate  conclusively  the  absolute  necessity  of  certain  con^ 
stituents  in  our  dietary,  it  is  likewise  true  that  clear-cut  disorders  should  not  be  re- 


ACCESSORY   FOOD   FACTORS  31 

garded  as  the  most  common  or  important  result  of  food  deficiencies.  It  should  be 
realized  that  a  lack  of  these  essential  food  factors  generally  does  not  bring  about 
typical  pathologic  states,  but  obscure  alterations  of  nutrition,  ill  defined  functional 
disabilities,  which  cannot  be  characterized  or  even  recognized  as  disease.  It  is 
such  incomplete,  larval  forms  of  the  deficiency  disorders  to  which  physicians  will 
have  to  address  themselves.  Nor  should  the  domain  of  the  deficiency  disease  be 
restricted  to  the  narrow  confines  of  disturbances  brought  about  by  a  lack  of  vita- 
mins. In  a  broader  sense  it  includes  malnutrition  due  to  an  insufficiency  of  any  food 
constituent  which  is  essential  to  normal  metabolism.  The  peoples  of  the  Central 
Empires,  for  example,  as  the  result  of  a  great  lack  of  meat,  milk,  cheese  and  eggs, 
were  compelled  to  subsist  during  the  war  on  a  dietary  which  was  deficient  in  phos- 
phoric acid  as  well  as  in  one  or  more  of  the  vitamins.  Many  observations  lead  to 
the  conclusion  that  these  disorders  are  not  limited  to  man,  but  to  a  large  extent 
affect  the  animals  which  man  uses  for  food.  It  has  been  found  in  Victoria,  for 
example,  that  cattle  raised  on  certain  pastures  develop  paralysis  and  other  infir- 
mities which  can  be  cured  by  fertilization  of  the  soil.  In  the  United  States  in  some 
areas  it  is  impossible  to  maintain  cattle  in  good  condition  until  the  forage  is  im- 
proved by  mineral  or  animal  fertilizers,  which  illustrates  that  a  deficiency  in  plant 
tissues  leads  to  nutritional  disorder  in  animals.  Eecently  Hart,  Steenbock  and 
Humphrey  have  confirmed  these  observations  by  careful  experiments  which  showed 
how  the  mere  addition  of  calcium  to  the  fodder  of  cows  prevented  the  birth  of 
premature,  weak  or  dead  calves.  Indeed,  the  extensive  investigations  of  Forbes 
showing  that  cows  producing  large  amounts  of  milk,  and  fed  common  winter  rations, 
undergo'  constant  losses  of  calcium,  magnesium  and  phosphorus  from  their  skeletons, 
suggest  that  large  numbers  of  milch  cows  are  suffering  from  a  deficiency  disease. 
These  chemical  analyses  recall  Hanau's  report  of  almost  thirty  years  ago,  to  the 
effect  that  the  bones  of  pregnant  women,  who  had  enjoyed  axDparent  health,  fre- 
quently were- the  site  of  lesions  resembling  osteomalacia — an  interesting  observation 
that  might  be  substantiated  during  life  by  means   of  roentgenologic   examinations." 

Soon  after  the  armistice,  English,  physicians,  armed  with  all  known 
means  of  combating- the  deficiency  diseases,  hastened  to  Vienna,  Prague, 
Berlin,  and  other  capitals  of  their  recent  enemies  and  offered  their  aid 
to  the  famine  stricken  people.  From  the  staff  of  the  Lister  Institute  there 
has  come  a  statement  of  what  is  known  or  supposed  to  be  known  of  practical 
benefit  in  the  treatment  of  these  diseases.  From  this  statement  we  make 
a  brief  abstract,  which  is  as  follows:  The  accessory  food  factors  now  rec- 
ognized are  three  in  number.  The  antineuritic  or  antiberiberic  factor,  the 
same  as  water-soluble  B,  prevents  the  occurrence  of  beriberi  in  man  and 
analogous  diseases  in  animals.  Its  presence  in  the  food  is  also  necessary 
to  promote  satisfactory  growth  in  the  young.  This  vitamin  is  distributed 
and  is  present  to  some  extent  in  almost  all  natural  foods.  Its  principal 
sources  are  in  eggs  and  in  the  outer  layers  of  seeds.  Meat  (muscle)  con- 
tains but  little  of  this  antineuritic  factor,  but  it  is  abundant  in  highly 
cellular  organs,  such  as  the  liver,  brain,  pancreas,  etc.  In  peas,  beans, 
and  other  pulses,  this  vitamin  is  distributed  throughout  the  seed,  but  in 
cereals  it  is  concentrated  in  the  peripheral  layer-,  which  in  milling  is  peeled 
off  with  the  pericarp  and  forms  the  bran.    Beriberi  is  occasioned  by  a  diet 
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composed  too  exclusively  of  cereals  from  wliich  the  bran  has  been  removed 
by  milling,  as  is  the  case  with  polished  rice  or  white  wheat  flour.  The 
disease  is  unknown  where  rye  bread  is  the  staple  food,  because  in  the 
milling  of  rye  there  is  no  separation  of  the  germ.  It  is  not  likely  that 
beriberi  will  become  a  serious  disease  in  eastern  Europe,  notwithstanding 
the  famine  conditions,  so  long  as  whole  meal  flours  from  rye,  wheat,  barley, 
maize,  peas,  beans,  and  lentils  are  provided.  Mere  shortage  of  food  does 
not  cause  beriberi  and  poverty  insures  that  the  whole  grain  is  consumed 
for  purposes  of  economy. 

The  second  known  accessory  food  factor  is  designated  as  fat-soluble  A, 
growth  factor,  or  antirachitic  factor.  The  memorandum  recites  that  evi- 
dence is  accumulating  that  rickets  is  caused  by  a  shortage  not  of  fat  as 
such,  but  of  the  fat-soluble  growth  factor  which  is  contained  in  certain 
fats.  Infants  and  young  children  must,  therefore,  be  supplied  with  full- 
cream  milk  if  possible.  If  fresh  milk  is  not  obtainable,  condensed,  un- 
sweetened cream  or  milk  should  be  used.  When  these  foods  are  employed 
an  antiscorbutic  should  be  added.  Sweetened  condensed  milk  is  unsuitable 
because  the  high  content  of  sugar  renders  the  food  deficient  in  the  fat- 
soluble  factor  when  it  is  diluted  sufficiently  to  be  used.  Milk  and  butter 
are  the  best  sources  of  the  antirachitic  factor  for  young  and  growing  chil- 
dren. Margarines  made  from  animal  fats  are  also  valuable,  but  those  from 
vegetable  fats  are  to  be  condemned.  If  there  be  a  shortage  of  butter  it 
should  be  reserved  for  children,  but  if  this  food  be  totally  lacking  the 
defi-ciency  can  be  replaced  by  cod-liver  oil  and  other  fish  oils  or  by  eggs. 
If  no  animal  fat  is  available  peanut  oil  should  be  selected  in  preference  to 
other  vegetable  oils  for  the  preparation  of  margarines,  etc.,  and  some  effort 
should  be  made  to  utilize  the  fat-soluble  vitamin  contained  in  green  leaves. 
Green  leaves  are  a  cheap  and  easily  available  source  of  the  fat-soluble 
vitamin  and  adults  can  maintain  health  when  animal  fats  are  substituted 
by  vegetable  fats  in  green  leaves  when  it  is  possible  to  consume  these  in 
sufficient  quantity.  Unfortunately,  infants  cannot  take  green  vegetables 
in  the  ordinary  way,  but  the  juices  expressed  from  cabbages  and  other 
green-leaf  vegetables,  raw,  or  even  after  steaming  for  a  few  minutes,  might 
,be  given  to  infants  if  all  other  sources  of  this  important  vitamin  have 
failed.  Carefully  prepared  purees  from  cooked  spinach  or  lettuce  can  be 
tolerated  by  infants  in  small  quantities,  as  one  teaspoonful  daily.  In  cases 
where  growth  failure,  rickets,  or  xerophthalmia  are  already  well  established, 
a  daily  dose  of  cod-liver  oil  is  essential  in  addition  to  other  procedures. 
Pregnant  women  and  nursing  mothers  should  have  a  liberal  supply  of  fat- 
soluble  A  and  it  should  be  understood  that  rickets  is  not  confined  ex- 
clusively to  artificially  fed  children.  Breast-fed  children  may  develop  it, 
provided  the  vitamin  is  deficient  in  the  milk  of  the  mother. 

The  third  factor,  the  antiscorbutic  factor,  necessary  for  the  prevention 
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of  scurvy,  is  found  in  fresh  vegetable  tissue,  to  a  less  extent  in  fresli 
animal  tissue.  Its  richest  sources  are  oranges,  lemons,  raspberries,  cab- 
bages, swedes,  turnips,  lettuce,  watercress,  and  tomatoes.  Potatoes,  car- 
rots, beet  roots,  and  mangolds  are  inferior  in  this  vitamin  to  the  sources 
named  above.  It  should  be  understood,  however,  that  potatoes  are  valuable 
in  the  prevention  of  scurvy,  notwithstanding  their  small  content  of  the 
antiscorbutic  vitamin,  because  they  are  consumed  in  large  quantities.  All 
dry  foodstuffs  are  deficient  in  antiscorbutic  properties,  such  as  cereals, 
pulses,  dried  vegetables  and  dried  milk.  Tinned  vegetables  and  tinned 
meat  are  also  deficient  in  the  antiscorbutic  principle.  It  is  claimed  by 
some  that  canned  tomatoes  are  valuable  for  their  antiscorbutic  properties. 
In  case  fresh  vegetables  or  fruits  are  scarce  or  absent,  an  antiscorbutic  can 
be  prepared  by  moistening  any  available  seeds  (wheat,  barley,  rye,  peas, 
beans,  lentils)  and  allowing  them  to  germinate.  It  is  necessary  that  these 
seeds  should  be  in  the  natural  whole  condition,  not  milled  or  split.  The 
seeds  should  be  soaked  in  water  for  24  hours  and  kept  moist  with  access 
of  air  from  one  to  three  days,  by  which  time  they  will  have  sprouted.  The 
antiscorbutic  vitamin  is  present  in  the  sprouts,  and  these  should  be  cooked 
for  as  short  a  time  as  possible.  It  should  be  understood  that  salads  are  more 
valuable  than  many  fresh  vegetables,  and  certainly  much  more  valuable 
than  cooked  vegetables.  Cow's  milk,  even  when  raw,  is  not  rich  in  the 
antiscorbutic  vitamin;  when  heated,  dried,  or  preserved,  the  amount  con- 
tained is  still  further  reduced.  The  most  valuable  antiscorbutic  material 
is  fresh  orange  juice,  which  should  be  given  to  children  in  doses  of  from 
one  to  three  or  four  teaspoonfuls  per  day.  Raw  swede,  if  available,  or 
turnip  juice,  is  a  potent  antiscorbutic  and  an  excellent  substitute  for  orange 
juice.  In  order  to  obtain  this  juice  the  clean-cut  surface  is  grated  on  an 
ordinary  kitchen  grater  and  the  pulp  obtained  is  squeezed  through  muslin. 
Tomato  juice,  even  that  from  canned  tomatoes,  and  grape  juice,  also  have 
some  value,  but  less  than  that  of  orange.  When  babies  have  scurvy  or 
neuritis  the  mother  should  have  in  her  food  both  antiscorbutic  and  anti- 
beriberic  vitamins.  Reports  that  come  from  Vienna  and  other  south- 
eastern European  capitals  where  these  principles  have  been  applied  since 
the  armistice,  indicate  that  great  good  is  being  done,  and  we  have  no  doubt 
that  the  intelligent  physicians  who  are  making  these  applications  will 
greatly  advance  our  knowledge  of  the  vitamins  by  their  studies  and  ob- 
servations. 

Recently  (1921)  McCarrison  has  published  a  monograph  filled  with  the 
protocols  of  numerous  experiments,  especially  upon  pigeons  and  monkeys, 
in  which  one  or  more  of  the  vitamins  have  been  omitted.  The  most  valuable 
part  of  this  work  lies  in  the  pathologic  studies,- in  which  it  is  shown  that 
when  one  or  more  vitamins  are  absent  from  the  diet  pathologic  changes 
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begin  to  take  place,  especially  in  the  alimentary  canal  and  in  the  endocrin 
glands,  long  before  the  disturbances  are  sufficient  to  be  clinically  recog- 
nized. It  is  also  clearly  brought  out  in  McCarrison  's  studies  that  deficiency 
in  vitamins  increases  susceptibility  to  infection  and,  what  is  of  equal  impor- 
tance, a  properly  selected  diet  plays  a  large  part  in  the  treatment  of  the 
infectious  diseases.  Up  to  the  present  time  the  study  of  vitamins  has  been 
largely  the  work  of  the  biologic  chemist.  McCarrison  has  supplemented 
chemical  investigations  by  an  extensive  experimental  study  of  the  symptom- 
atology and  pathology  of  deficiency  diseases.  We  make  the  following  quo- 
tation from  this  author's  statement  concerning  the  selection  of  food: 

"It  is  agreed  by  all  workers  on  the  problems  of  nutrition  that  vitamin  A  is 
frequently  deficient  in  the  food;  but.  because  of  the  '  antineuritic '  cloak  under 
which  the  true  function  of  vitamin  B  has  so  long  been  hidden,  it  is  less  readily 
agreed  that  this  also  is  frequently  insufficient.  I  admit  that  it  is  difficult  to  deprive 
a  dietary  of  this  factor;  but  since  it  is  not  known  how  much  of  it  is  needed  for 
perfect  nutrition  in  human  beings,  it  is  best  to  err  on  the  safe  side;  and  to  see  that 
in  all  cases  the  food  contains  plenty  of  it.  Nature  gives  us  a  fair  hint  as  to  its 
necessity;  for  we  find  it  in  abundance  in  the  natural  foodstuffs  which  man  ought 
to  eat  and  frequently  does  not.  It  requires  little  laboratory  experimentation,  there- 
fore, to  show  that  some  people,  especially  the  young,  habitually  take  too  little  of  it, 
either   for  growth   or   maintenance. 

' '  As  for  vitamin  C,  we  are  accustomed  to  recognize  its  insufficient  supply  only 
when  the  gums  begin  to  bleed  or  the  tissues  begin  to  show  signs  of  hemorrhagic 
effusions.  But  the  evidence  brought  forward  in  preceding  chapters  indicates  that, 
long  before  these  grosser  evidences  of  insufficiency  manifest  themselves,  the  health 
of  the  gastrointestinal  tract  and  of  the  adrenal  glands  has  begun  to  suffer.  It  is 
not  enough,  then,  that  the  supply  of  vitamin  C  should  be  sufficient  to  prevent  scurvy; 
it  should  be  sufficient  to  play  adequately  its  part  in  maintaining  the  digestive  and 
endocrin  organs  in  health;  this  sufficiency  can  only  be  secured  by  the  inclusion  in 
the  dietary  of  an  abu7\dance  of  raw  fruit  and  vegetables.  There  are  no  more  im- 
portant ingredients  of  a  properly  constituted  food  than  these,  since  they  contain 
vitamins  of  every  class,  recognized  or  unrecognized. 

' '  In  the  selection  of  foods,  or  in  estimating  the  value  of  a  patient 's  diet,  it  is 
sufficient  in  practice  to  see  that  he  receives  an  adequate  supply  of  natural  protec- 
tive food  ingi-edients.  It  is  hardly  necessary  to  emphasize  that  these  natural  foods 
must  be  used  in  a  form  which  does  not  depreciate  their  vitamin  value,  and  in  a  form 
suitable  to  the  age  and  state  of  digestion  of  the  individual.  Thus  in  infants  and 
young  children,  fruit  and  vegetable  juices  will  be  used  instead  of  the  whole  product; 
while  such  articles  as  whole-meal,  bread  and  nuts  will  be  presented  only  to  gastro- 
intestinal tracts  capable  of  dealing  with  them.  Similarly,  in  cases  of  gastrointes- 
tinal disorder,  vitamin-containing  extracts  or  fruits  and  vegetable  juices  may  alone 
be  tolerated  until  the  tract  has  had  time  to  recover  in  some  measure  its  normal  tone 
and  digestive  powers.  Nor  is  it  necessary  to  abandon  foods  in  common  use;  all 
that  is  required  is  to  reinforce  these  with  natural  foodstuffs  in  quantities  sufficient 
to  provide  an  adequate  supply  of  vitamins,  suitable  protein,  and  salts  for  the  vary- 
ing needs  of  individuals." 
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CHAPTER  III 

SCURVY 

Description. — Scurvy  is  a  grave,  nutritional  disorder,  which  follows 
restriction  to  a  diet  containing-  too  little  fresh  food.  In  certain  foods,  both 
animal  and  vegetable,  there  are  substances,  the  nature  of  which  is  as  yet 
unknown,  but  which  are  essential  to  the  maintenance  of  health.  The  dis- 
tribution of  these  substances  in  our  foods  is  widely  variable.  Some  foods 
are  wholly  devoid  of  these  antiscorbutic  principles,  while  the  amounts 
present  in  other  foods  differ  widely.  The  amount  in  a  given  food  at  the 
time  of  its  consumption  depends  largely  upon  the  time  which  has  elapsed 
since  the  harvesting  of  the  food  and  with  the  processes  of  preparation  to 
which  it  has  been  subjected.  When  a  diet  deficient  in  these  important 
constituents  is  continued  as  the  sole  nutritional  support  of  an  individual, 
sooner  or  later,  generally  within  a  few  months,  a  well  marked  and  char- 
acteristic disease,  which  we  designate  as  scurvy,  develops.  Those  in  whom 
the  symptoms  and  lesions  of  this  disease  have  appeared  are  quickly 
restored  to  health,  provided  the  delay  has  not  been  too  long,  on  ad- 
dition to  the  diet  of  foods  rich  in  antiscorbutic  principles.  The  chief 
pathologic  state  which  develops  under  this  deficient  diet  results  in 
an  abnormal  permeability  of  the  walls  of  the  capillaries,  in  conse- 
quence of  which  serum  and  blood  diffuse  into  the  tissues.  The  effect 
of  this  pathologic  condition  is  generally  first  evident  in  the  gums.  These 
are  swollen  and  bleed  easily,  cover  the  teeth  preventing  mastication,  and 
are  often  invaded  bj^  bacteria  and  fungi.  The  teeth  become  detached  from 
their  bony  sockets  and  often  drop  out.  In  severe  cases  the  mouth  is. filled 
with  an  abnormal  growth  which  becomes  putrid  and  gives  off  disagreeable, 
foul-smelling  gases.  Hemorrhages  occur  in  other  parts  of  the  body,  notably 
in  the  lower  extremities.  There  are  effusions  under  the  skin,  appearing  in 
the  form  of  petechiae,  vibices,  and  other  spots.'  Deeper  hemorrhages  lie 
between  the  muscles  and  give  rise  to  swelling  and  pain.  There  may  be  still 
deeper  hemorrhages,  and  clots  may  form  between  the  bones  and  the  peri- 
osteum. The  development  of  these  pathologic  states  is  accompanied  by 
general  wealaiess,  with  feeble  pulse  and  shortness  of  breath.  Sudden 
death,  especially  on  making  any  unusual  effort,  is  by  no  means  rare  in 
scurvy.  The  bodily  resistance  to  infection  is  lowered  and  bacteria  often 
play  a  part  in  the  final  stages  of  this  disease.  It  should  be  clearly  under- 
stood, however,  that  scurvy  is  not  an  infectious  disease,  but  is  due  wholly 
to  nutritional  disorder. 
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History. — Some  have  attempted  to  find  in  the  writings  of  Hippocrates 
evidence  that  this  disease  was  known  to  Greek  medicine.  The  arguments 
adduced  for  this  view  are  by  no  means  convincing  and  it  is  highly  im- 
probable that  scurvy  existed  during  either  the  Greek  or  Roman  periods 
of  Mediterranean  civilization.  The  soil  and  climate  of  these  regions  fur- 
nished man  with  a  variety  of  food,  much  of  which  was  consumed  soon 
after  being  gathered.  Although  food  may  have  been  scanty  at  times,  es- 
pecially in  war,  it  was  always  present  in  variety  and  man  had  not  at  that 
time  learned  the  art  of  storing  and  preserving  his  food-supplies.  There 
were  no  long  voyages  and  man  lived  more  directly  from  hand  to  mouth 
than  his  fellow  did,  even  at  that  time,  in  the  colder  parts  of  northern 
Europe.  The  word  scurvy  is  from  the  old  Saxon  "scorbie"  and  this  occurs 
with  some  modification  in  all  the  tongues  of  central  and  northern  Europe. 
It  is  highly  probable  that  scurvy  afflicted  our  Nordic  ancestors  even  at  as 
early  a  date  as  the  time  of  Hippocrates,  but  our  fathers  of  that  time  were 
not  writing  books  or  at  all  concerned  with  making  records  for  our  en- 
lightenment. 

Budd  says : 

"Scurvy  has,  unquestionably,  existed  in  the  north  of  Europe  from  the  most  remote 
antiquity.  That  we  have  no  mention  of  it  in  the  early  history  of  the  northern  na- 
tions must  be  imputed  to  the  extreme  ignorance  of  the  people,  especially  as  regards 
medicine;  but  about  the  commencement  of  the  sixteenth  century,  when  they  began 
to  cultivate  letters,  we  find  accurate  description  of  this  disease,  which  is  frequently 
mentioned  by  their  historians  and  other  authors.  Olaus  Magnus  in  his  History  of 
the  Northern  Nations,  published  in  1555,  when  speaking  of  the  diseases  peculiar  to 
those  nations,  gives  a  particular  description  of  scurvy,  which,  he  tells  us,  infested 
chiefly  soldiers  in  camps  and  persons  shut  up  in  prisons  or  besieged  towns.  About 
the  same  time  we  find  three  physicians,  Eonsseus,  Ecthius  and  Wierus,  expressly 
treating  of  this  disease.  Their  descriptions  of  its  symptoms  are  very  accurate,  and 
they  recommended  those  remedies  which  are  found,  at  present,  the  most  efS.cacious. " 

The  first  clear  and  indisputable  record  of  scurvy  is  to  be  found  in  the 
History  of  Louis  IX  and  His  Crusaders,  by  Joinville  (1260).  This  his- 
torian not  only  saw  the  disease,  but  he  himself  had  it.  In  speaking  of  the 
condition  of  the  gums,  he  says : 

' '  The  barbers  were  forced  to  cut  away  large  pieces  of  flesh  from  the  gums,  to 
enable  their  patients  to  eat.  It  was  pitiful  toi  hear  the  cries  and  groans  of  those  on 
whom  this  operation  was  performing;  they  seemed  like  the  cries  of  women  in  labor." 

This  disease  fell  upon  the  crusaders  in  lent  when,  on  account  of  their 
religion,  they  could  eat  no  meat  and  were  confined  so  far  as  flesh  is  con- 
cerned to  one  sort  of  fish,  the  bombette. 

As  soon  as  long  voyages  by  sea  were  attempted,  scurvy  among  sailors 
began  to  be  reported.  In  1497  Vasco  da  Gama  made  the  first  trip  around 
the  Cape  of  Good  Hope  to  India  and  the  chronicler  of  this  voyage  says  that 
his  sailors  suffered  severely  from  scurvy. 
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"Of  an  hundred  forty-eight,  or  as  others  report,  of  an  hundred  and  three  score, 
there  returned  only  five  and  fifty,  and  those  very  feeble." 

In  1519  Magellan  started  upon  liis  voyage  around  the  world,  leaving 
Seville  on  the  tenth  of  August.  After  leaving  the  straits  which  still  bear 
his  name,  and  standing  out  into  the  Pacific  Ocean,  his  men  were  seriously 
stricken  by  this  disease.  Pigafetta,  the  historian  of  this  voyage,  writes  as 
follows : 

"Departing  out  of  this  strait  into  the  sea  called  Mare  Pacifieum,  the  eighth  and 
twentieth  day  of  November,  in  the  year  1520,  they  sailed  three  months  and  twenty 
days  before  they  saw  land.;  and  having  in  this  time  consumed  all  their  biscuit  and 
other  victuals,  they  fell  into  such  necessity,  that  they  were  inforced  to  eat  the 
powder  that  remained  thereof,  being  now  full  of  worms  and  stinking,  by  reason 
of  the  salt  water.  Their  fresh  water  was  also  putrefied  and  became  yellow.  They 
did  eat  skins  and  pieces  of  leather,  which  were  folded  about  certain  great  ropes  of 
the  ships;  but  these  skins  being  made  very  hard,  by  reason  of  the  sun,  rain  and 
wind,  they  hung  them  by  a  cord  in  the  sea,  for  the  space  of  four  or  five  days  to 
soften  them  and  then  they  ate  them.  By  reason  of  this  famine  and  unclean  feeding, 
some  of  their  gums  grew  so  over  their  teeth,  that  they  died  miserably  for  hunger. 
And  by  this  occasion  died  nineteen  men,  and  also  the  giant,  with  an  Indian  of  the 
land  of  Brazil,  otherwise  called  Terra  de  Papagilli,  that  is  the  Land  of  Popingayes. 
Besides  these  that  died  five  and  twenty  or  thirty  were  so  sick,  that  they  were  not 
able  to  do  any  service  with  their  hands  or  arms  for  feebleness;  so  that  there  was  in 
manner  none  vnthout  some  disease." 

The  following  unmistakable  and  graphic  description  of  scurvy  is  taken 
from  an  account  of  the  second  voyage  of  Cartier  to  Canada  in  1535 : 

"In  the  month  of  December,  we  undersitood  that  the  pestilence  was  come  upon  the 
people  of  Stadacona;  and  in  such  sort,  that  before  we  knew  of  it,  above  fifty  of 
them  died.  Whereupon  we  charged  them  neither  to  come  near  our  forts,  nor  about 
our  ships.  Notwithstanding  which,  the  said  unknown  sickness  began  to  spread  it- 
self among  us,  after  the  strangest  sort  that  ever  was  either  heard  of  or  seen;  inso- 
much that  some  did  lose  all  their  strength;  and  could  not  stand  upon  their  feet; 
then  did  their  legs  swell,,  their  sinews  shrunk,  and  became  as  black  as  a  coal.  Others 
had  also  their  skin  spotted  with  spots  of  blood,' of  a  purple  color.  It  ascended  up 
their  ankles,  knees,  thighs,  shoulders,  arms,  and  neck.  Their  mouth  became  stinking; 
their  gums  so  rotten,  that  all  the  flesh  came  away,  even  to  the  root^  of  their  teeth; 
v/hicTi  last  did  also  almost  all  fall  out.  This  infection  spread  so  about  the  middle 
of  February,  that  of  a  hundred  and  ten  people,  there  were  not  ten  whole;  so  that 
one  could  not  help  the  other;  a  most  horrible  and  pitiful  case!  Eight  were  already 
dead;  and  more  than  fifty  sick,  seemingly  past  all  hopes  of  recovery.  This  malady 
being  unknown  to  us,  the  body  of  one  of  our  men  was  opened,  to  see  if  by  any  means 
possible  the  occasion  of  it  might  be  discovered,  and  the  rest  of  us  preserved.  But 
in  su.ch  sortt  did  the  calamity  increase,  that  there  were  not  now  above  three  sound 
men  left.  Twenty-five  of  our  best  men  died;  and  all  the  rest  were  so  ill,  that  we 
thought  they  would  never  recover  again;  when  it  pleased  God  to  cast  his  pitiful 
eye  upon  us,  and  send  us  the  knowledge  of  a  remedy  for  our  health  and  recovery. 

"Our  captain  considering  the  deplorable  condition  of  his  people,  one  day  went 
out  of  the  fort,  and  walking  upon  the  ice,  he  saw  a  troop  of  people  coming  from 
Stadacona.     Among  those  was  Domagaia,  who  not  above  ten  or  twelve  days  before 
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labored  under  this  disease;  having  his  knees  swelled  as  big  as  a  child's  head  of 
two  years  old,  his  sinews  shrunk,  lais  teeth  spoiled,  and  his  gums  rotten  and  stinking. 
The  captain,  upon  now  seeing  him  whole  and  sound,  was  thereat  marvelous  glad, 
hoping  to  know  of  him  how  he  had  cured  himself.  He  acquainted  him  that  he 
had  taken  the  juice  of  the  leaves  of  a  certain  tree,  a  singular  remedy  in  this  dis- 
ease. The  tree  in  their  language  is  called  ameda  or  lianneda;  by  a  decoction  of 
the  bark  and  leaves  of  which,  they  were  all  perfectly  recovered  in  a  short  time. ' ' 

This  tree  has  been  identified  as  a  spruce. 

Subsequent  voyages  to  Canada,  made  by  both  French  and  English,  met 
with  like  experiences  and  during  the  final  contest  between  these  great  na- 
tions for  the  permanent  possession  of  Canada  both  armies,  including  our 
colonial  aides  with  the  English,  suffered  greatly  from  scurvy. 

The  first  work  on  scurvy  by  a  physician  was  published  at  Cologne  in  1541. 
The  author,  a  Hollander,  latinized  his  name,  making  it  Ecthius.  Among  the 
certain  signs,  he  enumerates  a  fetid  breath,  a  spongy  swelling  of  the  gums, 
which  are  apt  to  bleed,  a  loosening  of  the  teeth,  the  appearance  of 
livid  spots  on  the  legs  and  sometimes  on  other  parts  of  the  body,  and  a 
weakness  which  follows  these  developments,  often  terminating  in  sudden 
death. 

In  1564  Ronsseus  wrote  an  excellent  monograph  on  scurvy  and  it  appears 
that  this  passed  through  two  or  more  editions  rather  speedily.  This  author 
states  that  at  the  time  of  writing,  scurvy  was  common  in  Holland  and 
he  attributed  it  to  the  food  and  air.  For  treatment  he  relied  upon  a  diet 
of  fresh  vegetables,  employing  generally  scurvy  grass,  watercresses,  and 
infusions  of  various  green  herbs  and  plants.  In  this  book  there  appears,  so 
far  as  we  know,  the  first  recommendation  of  oranges  in  the  treatment  of 
scurvy.  The  author  states  that  on  long  voyages  sailors  protected  themselves 
against  the  disease  or  cured  themselves  of  it  by  eating  oranges.  It  seems 
from  this  that  of  the  citrous  fruits  subsequently  employed  in  the  prevention 
and  cure  of  scurvy,  oranges  were  first  recognized  as  having  great  value. 

In  1567  Wierus,  physician  to  the  Duke  of  Cleves,  published  a  monograph 
on  scurvy.  This  contribution,  adds  nothing  to  our  knowledge  of  the  disease 
except  that  it  extends  the  list  of  plants  which  are  useful  in  its  prevention 
and  cure.  A  favorite  prescription  was  a  decoction  of  saffron  to  be  taken 
in  a  generous,  warm  draught  three  times  a  day.  The  author  states  that 
there  is  nothing  specific  in  the  common  antiscorbutic  herbs,  but  that  all 
acrid  plants  and  many  roots  are  highly  serviceable. 

In  1581  Dodonaeus,  physician  to  the  Emperor  of  Germany,  reported  an 
epidemic  of  scurvy  in  Prussia,  which  he  attributed  to  the  use  of  spoiled 
rye  brought  from  Brabant  in  time  of  scarcity  of  wheat.  This  author  is 
the  first,  so  far  as  we  know,  to  emphasize  the  value  of  leavened  wheat  bread 
in  the  prevention  of  this  disease. 

In  1589  Brucaeus,  a  professor  at  Rostock,  recommended  a  diet  of  well 
baked  wheat  bread,  broth  of  flesh  or  fowls,  with  radish,  hyssop,  thyme. 
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savory,  or  like  herbs.  He  also  permitted  flesh  of  all  fowls  except  water 
fowls.  Whatever  was  dried,  salted,  smoked,  long  kept  and  rancid,  or  of 
gross  and  difficult  digestion,  was  to  be  avoided.  Fresh  milk  was  recom- 
mended. The  antiscorbutic  herbs  were  to  be  used  as  salads,  and  Ehine 
wine  or  good  beer,  infused  with  wormwood,  was  advised. 

Albertus  (1593),  Professor  of  Medicine  at  Wittenburg,  recommended 
proper  diet,  mentioning  especially  oranges,  but  he  went  astray  in  teaching 
that  scurvy  is  contagious  and  may  be  inherited. 

Forestus  (1595),  a  professor  at  Leyden,  became  famous  for  a  prescrip- 
tion which  consisted  of  concentrated  juices  of  brooklime  and  scurvy  grasses. 
This  became  a  popular  drink  throughout  Flanders,  Brabant,  and  Holland, 
and  was  used  principally  in  the  winter  when  green  plants  were  not  avail- 
able. 

Reusnerus  (1600),  of  Norlinger,  wrote  voluminously  about  scurvy,  but 
made  no  contribution  of  importance. 

Eugalenus  (1604)  saw  scurvy  in  nearly  all  the  diseases  to  which  human 
flesh  is  heir  and  in  this  he  was,  unfortunately,  followed  by  several  writers, 
whose  names  we  shall  not  mention. 

Vander  Mye  wrote  a  most  graphic*  description  of  scurvy  in  the  siege  of 
Breda  by  the  Spaniards  in  1625.  This  siege  lasted  for  eight  months,  ter- 
minating by  surrender  in  June.  In  the  preceding  March  it  was  found  that 
1,608  soldiers  in  the  city  had  scurvy.  Later,  with  the  oncoming  of 
spring  and  the  appearance  of  plants  in  the  besieged  city,  the  fury  of  the 
epidemic  abated  somewhat.  We  cannot  resist  the  temptation  to  make  the 
following  quotation : 

"On  the  second  day  of  May,  1625,  when  the  Prince  of  Orange  heard  of  their 
distress,  and  understood  that  the  city  was  in  danger  of  being  delivered  up  to  the 
enemy  by  the  soldiers,  he  wrote  letters  addressed  to  the  men,  promising  them  the 
most  speedy  relief.  These  were  accompanied  with  medicines  against  the  scurvy, 
said  to  be  of  great  price,  but  still  of  greater  efficacy;  many  more  were  yet  to  be 
sent  them.  The  effects  of  this  deceit  were  truly  astonishing!  Three  small  vials  of 
medicine  were  given  to  each  physician,  not  enough  for  the  recovery  of  two  pa- 
tients. It  was  publicly  given  out,  that  three  or  four  drops  were  sufiS.cient  to  impart 
a  healing  virtue  to  a  gallon  of  liquor.  We  now  displayed  our  wonder-working 
balsams.  Nor  were  even  the  commanders  let  into  the  secret  of  the  cheat  put  upon 
the  soldiers.  They  flocked  in  crowds  about  us,  every  one  soliciting  that  part  may 
be  reserved  for  their  use.  Cheerfulness  again  appears  on  every  counten'anee;  and 
a  universal  faith  prevails  in  the  sovereign  virtues  of  the  remedies.  The  herlis  now 
beginning  to  spring  up  above  the  ground,  we  of  these  maJce  decoctions,  to  which 
wormwood  and  cafJiphirc  tvere  added,  that  hy  the  prevalent  fla,vor  of  those,  they 
might  appear  medicines  of  no  mean  efficacy.  (Italics  ours.)  The  stiff  contracted  limbs 
were  anointed  with  wax  melted  in  rape-seed  or  linseed  oil.  The  invention  of 
new  and  untried  physic  is  boasted;  and  amidst  a  defect  of  every  necessary  and 
useful  medicine,  a  strange  medley  of  drugs  was  compounded.  The  effect,  however, 
of  the  delusion  was  really  astonishing,  for  many  were  quickly  and  perfectly  re- 
covered.    Such  as  had  not  moved  their  limbs  for  a  month  before,  were  seen  walking 
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the  streets  sound,  straight,  and  whole.  They  boasted  of  their  cure  by  the  Prince's 
remedy;  the  motion  of  their  joints  being  restored  by  a  simple  friction  with  oil, 
and  the  belly  now  of  itself  well  performing  its  office,  or  at  least  with  a  small  re- 
sistance from  medicine.  Many  who  declared  they  had  been  rendered  worse  by  all 
former  remedies  administered,  recovered  in  a  few  days  to  their  inexpressible  joy, 
and  the  no  less  general  surprise,  by  their  taking  (almost  by  their  having  brought 
to  them)  what  we  affirmed  to  them  to  be  their  gracious  Prince's  cure." 

Passing  over  a  number  of  minor  authors,  it  may  be  of  interest  to  quote 
the  following  description  of  the  beginnings,  progress,  advance,  and  termina- 
tion of  the  symptoms  of  scurvy,  as  given  by  the  great  Boerhaave : 

"(1)  An  unusual  laziness;  an  inclination  to  rest;  a  spontaneous  lassitude;  a  gen- 
eral heaviness;  a  pain  of  all  the  muscles  as  after  too  great  a  fatigue,  particularly 
in  the  legs  and  loins;  an  extreme  difficulty  in  walking,  especially  up  or  down  a  steep 
place.  In  the  morning  upon  awaking  the  limbs  and  muscles  feel  as  if  wearied  and 
bruised.  (2)  A  difficulty  of  breathing,  panting,  and  almost  suffocation,  upon  every 
little  motion;  a  swelling  of  the  legs,  often  disappearing,  and  an  inability  to  move 
them,  from  their  weight;  red,  yellow  or  purple  spots;  a  pale  tawny  color  in  the 
face;  a  beginning  stench  of  the  mouth;  a  swelling,  pain,  heat,  and  itching  of  the 
gums,  which  bleed  upon  the  least  pressure;  bare  and  loose  teeth;  pains  of  different 
sorts  wandering  in  all  parts  of  the  body,  external  as  well  as  internal,  occasioning 
surprising  anguish,  resembling  pleuritic,  stomachic,  iliac,  colic,  nephritic,  cystic, 
hepatic,  and  splenetic  pains.  Hemorrhages  occur  in  this  stage,  but  slight.  (3)  A 
deadly  stinking  rottenness,  inflammation,  bleeding,  and  gangrene  of  the  gums;  loose 
yellow,  black,  and  carious  teeth,  varicose  veins  under  the  tongue;  hemorrhages,  fre- 
quently mortal,  from  under  the  skin,  without  any  apparent  wound;  as  also  from  the 
lips,  stomach,  liver,  lungs,  spleen,  pancreas,  nose,  etc.;  ulcers  of  the  worst  kind  upon 
every  part  of  the  body,  chiefly  the  legs,  yielding  to  no  remedies,  of  a  gangrenous 
disposition,  and  most  fetid  smell;  scabies;  crusts;  a  dry  and  gentle  leprosy;  violent, 
piercing,  universal,  nocturnal  pains;  livid  spots.  (4)  Fevers  of  many  sorts,  hot, 
malignant,  intermitting  all  manner  of  ways,  vague,  periodical,  continued,  occasioning 
an  atrophy;  vomitings;  diarrhea;  dysenteries,  severe  stranguries;  faintings;  and  an 
oppression  upon  the  precordia,  often  suddenly  mortal;  a  dropsy;  consumption;  con- 
vulsion; tremor;  palsy;  contraction  of  the  sinews;  black  spots;  vomiting  and  purging 
of  blood ;   putrefaction  of  the  liver,  spleen,  pancreas,  and  mesentery. ' ' 

Boerhaave  believed  scurvy  to  be  due  to  a  peculiar  condition  of  the  blood 
in  which  one  part  of  this  fluid  is  too  thick  and  viscid,  while  at  the  same 
time  the  other  part  is  too  thin,  dilute,  and  acrid.  It  is  not  surprising, 
therefore,  to  find  that  this  great  Dutch  physician  had  no  definite  ideas 
concerning  either  the  prevention  or  treatment  of  scurvy.  He  evidently 
set  before  himself  a  difficult  task,  that  of  diluting  one  part  of  the  blood, 
while  at  the  same  time  he  concentrated  another  portion  of  the  same  fluid. 
He  wrote: 

"That  part, of  the  humour  which  is  too  thick,  viscid,  and  stagnating,  must  be 
attenuated,  rendered  thinner,  and  put  in  motion;  meanwhile  what  is  already  too 
thin,  is  to  be  inspissated,  and  the  predominating  acrimony  corrected,  according  to 
its  different  kind  and  species. ' ' 
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No  wonder  Boerhaave  came  to  the  conclusion  that  the  cure  of  scurvy  was 
a  masterpiece  of  art. 

In  1734  Bachstrom,  a  Dutch  physician,  published  a  book  on  scurvy 
which,  although  containing  nothing  new,  adds  some  interesting  bits  of  in- 
formation. He  tells  of  the  prevalence  of  this  disease  in  the  garrison  when 
Thorn  was  besieged  by  the  Swedes.  From  five  to  six  thousand  of  the  sol- 
diers in  the  city,  together  with  a  large  niunber  of  the  inhabitants,  are  said 
to  have  suffered  from  this  disease.  As  soon  as  the  fort  surrendered  and 
the  gates  of  the  town  were  opened  and  fresh  vegetable  food  brought  in,  the 
mortality  ceased  and  the  disease  disappeared.  The  same  author  tells  how  a 
man  with  scurvy,  discharged  from  a  boat  on  the  shores  of  Greenland,  soon 
recovered  perfect  health  by  feeding  upon  the  abundant  growth  of  sorrel 
and  scurvy  grass.  Bachstrom  made  an  interesting  and  valuable  suggestion 
when  he  recommended  that  watercresses  and  similar  plants  should  be 
grown  in  window-boxes  and  other  suitable  places  in  fortified  towns  which 
may  possibly  be  besieged.  When  the  Austrian  Army  was  stricken  with 
scurvy  in  Hungary  in  the  war  against  the  Turks  the  army  sent  a  request 
to  the  medical  faculty  at  Vienna  for  suggestions  and  help  in  their  attempts 
to  get  rid  of  this  disease.  It  is  generally  stated  that  the  prescription  and 
advice  of  the  Vienna  faculty  was  of  no  service,  and  this  is  possibly  true, 
but  Kramer,  chief  physician  of  the  Austrian  Armj^,  makes  the  following 
statement  concerning  the  reply  of  the  Vienna  faculty : 

"We  have  received  your  accurate  account  of  the  scurvy,  which  commits  such  dread- 
ful havoc  among  the  Imperial  troops  in  Hungary,  and  it  is  ordered  to  be  printed 
directly.  After  weighing  all  circumstances  the  first  rule  we  prescribe  is  great  at- 
tention to  the  nonnaturals.  Without  this,  the  most  heroic  medicines  may  fail;  but 
when  a  proper  regard  is  had  to  this,  simple  remedies  will  do  great  things.  As  the 
sources  of  this  calamity  seem  to  be  impure  air  and  an  unwholesome  marshy  soil, 
the  troops  must  often  shift  their  quarters  and  be  removed  into  better  air.  *  *  * 
As  the  cure  (after  deprecating  and  disapproving  of  the  use  of  mercury)  we  advise 
antiscorbutics  of  the  vegetable  kind  to  be  given.  S^he  juice,  extract,  tincture,  de- 
coction, etc.,  of  these,  may  Tje  administered  either  in  whey  or  troth.  As  you,  Ivave 
none  of  these  plants,  we  ho/ve  sent  you  their  seeds  to  he  sown  in  the  country-,  and 
until  such  time  as  tliey  grow  up,  have  supplied  you  with  a  qiuintity  of  the  dried 
lierhs  and  of  this  inspissated  juice." 

This  idea  of  growing  plants  to  supply  soldiers  and  sailors  with  fresh 
vegetables  is  an  interesting  and  valuable  one.  Parry,  in  his  first  polar 
expedition,  reported  his  attempt  along  this  line  as  follows : 

"I  began  also  about  this  time  to  raise  a  small  quantity  of  mustard  and  cress  in 
my  cabin,  in  small  shallow  boxes,  filled  with  mold,  and  placed  along  the  stove  pipe; 
by  this  means,  even  in  the  severity  of  the  winter,  we  could  generally  insure  a  crop 
at  the  end  of  the  sixth  or  seventh  day  after  sowing  the  seed;  which,  by  keeping 
several  boxes  at  work,  would  give  to  two  or  three  scorbutic  patients  nearly  an  ounce 
of  salad  daily;  even  though  the  necessary  economy  in  our  coals  did  not  allow  the 
fire  being  kept   in   at  night.     The  mustard   and  cress   thus   raised  were   necessarily 
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colorless  from  privation  of  light,  but  as  far  as  we  could  judge,  they  possessed  the 
same  pungent  aromatic  taste,  as  if  grown  under  ordinary  circumstances,  and  ap- 
peared to  be  equally  efficacioi;s. ' ' 

After  scurvy  had  seriously  developed  in  the  English  Army  in  Mesopo- 
tamia during  the  World  War,  gardens  were  planted  all  along  the  line  of 
communication  from  the  sea  to  the  front  and  supplied  large  amounts  of 
fresh  vegetables  to  the  soldiers. 

In  1752  appeared  the  first  edition  of  the  great  work  on  scurvy  by  Lind. 
This  author  was  a  surgeon  in  the  British  Navy  and  recognized  that  scurvy 
was  one  of  the  most,  if  not  the  most,  destructive  diseases  in  that  line  of 
service.  The  death  rate  from  this  disease  was  high  and  it  not  infrequently 
happened  that  whole  crews  were  incapacitated  by  it.  Lind  made  a  thorough 
review  of  all  preceding  literature,  and  he  made  direct  experiments  by  plac- 
ing his  scorbutic  patients  on  different  diets.  His  results  were  so  conclusive 
that  the}^  could  not  be  questioned,  although  nearly  50  years  elapsed  be- 
fore the  British  Admiralty  could  be  induced  to  add  to  the  sailors'  diet 
proper  antiscorbutic  portions.  This  was  finally  done  in  1795,  and  the 
basis  upon  which  most  of  the  evidence  in  favor  of  it  was  formulated,  is 
to  be  found  in  the  work  by  Lind.  As  we  have  already  seen,  citrous  fruit, 
especially  oranges,  had  been  known  to  possess  the  property  of  preventing 
and  curing  scurvy  for  at  least  two  centuries  before  Lind  wrote.  There 
had  been,  however,  up  to  his  time  no  scientific  and  positive  demonstration 
of  the  value  of  fruits,  especially  in  the  cure  of  scurvy.  Since  there  were 
always  at  that  time  abundant  cases  of  this  disease  in  the  English  Navy, 
Lind  divided  his  patients  into  groups,  taking  them  in  as  nearly  the  same 
condition  as  possible.  He  says  that  they  all  had  putrid  gums,  spots,  and 
lassitude,  with  weakness  of  their  knees.  .The  basic  diet  of  all  these  men 
who  were  placed  together  in  the  forehold  was  the  same.  To  one  group  he 
gave  elixir  of  vitriol ;  to  another,  two  spoonfuls  of  vinegar ;  to  another,  sea 
water,  a  half  pint  every  day;  to  another,  cider;  to  another  group,  two 
oranges;  and  to  still  another  group,  one  lemon  each  day.  Those  having  the 
oranges  recovered  practically  within  six  days  when  they  were  again  fit  for 
duty.  Next  folloM^ed  the  ones  who  had  the  lemons,  and  in  the  third  place, 
the  ones  who  had  the  cider,  while  those  who  had  the  elixir  of  vitriol,  the 
vinegar,  and  the  sea  water  were  in  no  way  benefited. 

There  is  a  tradition  that  Dutch  sailors  in  their  frequent  commerce  with 
Sicily,  Portugal,  and  Spain  learned  that  eating  oranges  would  both  pre- 
vent and  cure  scurvy.  Mead  says  that  when  the  English  fleet  was  in  the 
Baltic  in  1726  the  sailors  Were  severely  afilicted  with  scurvy.  The  ships  had 
recently  come  from  the  Mediterranean  and  had  taken  on  board  gi'eat  quan- 
tities of  lemons  and  oranges  at  Leghorn.  The  admiral,  having  heard  of  the 
efficacy  of  these  fruits  in  this  disease,  had  boxes  brought  upon  the  decks 
each  day  and  the  fruit  was  distributed  ad  lihitum  among  the  sailors.     Be- 
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sides  eating  what  they  liked,  they  mixed  the  juice  with  beer  and  pelted 
one  another  with  the  rinds,  so  that  the  decks  were  always  strewn  with  the 
fruit  and  fragrant  with  the  liquor.  The  result  was  that  the  admiral  in 
due  time  brought  all  his  sailors  home  in  good  health. 

One  of  the  most  disastrous  voyages  made  by  an  English  fleet  was,  so 
far  as  scurvy  is  concerned,  that  executed  under  Lord  Anson,  which  left 
England  in  1740  and  returned  in  June,  1744,  he  having  lost  during  his 
voyage  about  two-thirds  of  his  men.  On  this  voyage  scurvy  seemed  to 
manifest  an  unusual  and  almost  incredible  ^drulence.  The  chronicler  tells 
of  a  sailor  who  fifty  years  before  had  received  a  wound  at  the  Battle  of 
the  Boyne  and  which  had  soon  healed.  Under  the  disease  the  wound  broke 
out  afresh  and  appeared  as  if  it  had  never  healed.  The  callus  of  a  broken 
bone  which  had  been  completely  formed  for  many  years  was  dissolved  and 
the  fracture  seemed  as  if  it  had  never  healed. 

"Indeed,  the  effects  of  this  disease  were  in  almost  every  instance  wonderful.  For 
many  of  our  people,  though  confined  to  their  hammocks,  appeared  to  have  no  incon- 
siderable share  of  health;  for  they  ate  and  drank  heartily,  were  cheerful,  and 
talked  with  much  seeming  vigor,  and  with  a  loud  strong  tone  of  voice;  and  yet  on 
their  being  the  least  moved,  t\hough  it  was  only  from  one  part  of  the  ship  to  the 
other,  and  that  in  their  hammocks,  they  have  immediately  expired.  And  others 
who  have  confided  in  their  seeming  strength,  and  have  resolved  to  get  out  of  their 
hammocks,  have  died  before  they  could  well  reach  the  deck.  And  it  was  no  un- 
common thing  for  those  who  could  do  some  kind  of  duty,  and  walk  the  deck,  to  drop 
down  dead  in  an  instant,  on  any  endeavors  to  act  with  their  utmost  vigor;  many  of 
our  people  have  perished  in  this  manner,  during  the  course  of  this  voyage. ' ' 

Upon  reaching  the  Island  of  Juan  Fernandez,  167  sick  wxre  put  on 
shore,  besides  at  least  a  dozen  who  died  in  the  boats  on  being  exposed  to  the 
fresh  air.  These  sailors  were  so  exhausted  that  they  recovered  very  slowly. 
The  chronicler  says  that  for  the  first  ten  or  twelve  days  they  buried  rarely 
less  than  six  each  day  and  of  those  who  survived  many  recovered  by  very 
slow  and  insensible  degrees. 

During  a  part  of  this  voyage  the  sailors  had  an  abundance  of  fresh  water 
on  account  of  the  heavy  rains ;  they  had  plenty  of  fresh  meat,  having  taken 
on  hogs  and  fowls  at  Paita,  and  were  able  to  catch  a  great  abundance  of  fish 
each  day.  Notwithstanding  these  food-supplies,  the  squadron  met  with 
no  noteworthy  relief  until  it  arrived  at  the  Island  of  Tinian,  where  they 
obtained  citrous  fruits  in  great  abundance,  and  it  is  said  that  within  a 
week's  time  there  were  but  few  who  were  not  so  far  recovered  as  to  be  able 
to  move  about  without  help.  The  commander  of  this  fleet  afterwards  be- 
came Lord  of  the  Admiralty  and  apparently  was  in  sympathy  with  Lind  and 
other  naval  surgeons  in  their  attempts  to  secure  an  antiscorbutic  ration  for 
the  British  Navy  and  in  which,  as  we  have  already  stated,  they  succeeded  in 
1795. 

In  April,  1794,  the  Suffolk,  a  man-of-war  of  74  guns,  sailed  from  Eng- 
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land  to  Madras,  making  a  voyage  of  23  weeks  and  one  day.  On  this  voyage 
two-thirds  of  an  ounce  of  lemon  juice  with  two  ounces  of  sugar  were  mixed 
with  each  sailor's  daily  allowance  of  grog.  Scurvy  began  to  show  itself  in 
the  course  of  the  voyage,  but  on  an  increase  in  the  quantity  of  lemon 
juice  the  disease  disappeared  and  the  Suffolk  reached  Madras  without  the 
loss  of  a  single  man  and  with  her  crew  absolutely  free  from  scurvy. 

The  justly  famous  Captain  Cook  was  able  to  make  his  voyage  of  dis- 
covery around  the  world  (1772-1775)  in  the  Eesolution  with  a  company  of 
118  men,  covering  a  period  of  three  years  and  eighteen  days,  with  the 
loss  of  only  one  man  and  with  no  scurvy,  because  he  looked  after  the  health 
of  his  men.  It  is  a  matter  of  record  that  Cook  provided  abundantly  for 
antiscorbutic  food.  lie  carried  hogsheads  of  sauerkraut,  of  which  a  pound 
was  issued  twice  a  week  to  each  man,  sometimes  oftener.  Besides  the  sauer- 
kraut. Cook  carried  with  him  a  large  supply  of  malt  and  he  made  a  fresh 
brew  each  day,  issuing  from  one  to  three  pints  to  each  man.  We  find  no  rec- 
ord that  Cook  carried  citrous  fruits  or  their  juices,  though  it  is  more  than 
likely  that  he  occasionally  supplied  himself  with  these  on  his  voyages. 

Notwithstanding  the  evidence  furnished  by  Lind  and  others,  scurvy 
continued  to  make  serious  inroads  from  time  to  time  in  the  British  Navy. 
In  the  month  of  August,  1780,  a  squadron,  after  a  cruise  of  ten  weeks  in 
the  Bay  of  Biscay,  returned  to  Portsmouth  with  2,400  cases  of  this  disease. 

In  1780,  1,457  cases  of  scurvy  were  admitted  to  Haslar  Hospital,  the  large 
British  Naval  Hospital ;  in  1810  one  of  the  physicians  at  this  hospital  tes- 
tified that  he  had  not  seen  a  case  of  scurvy  in  the  hospital  for  seven  years. 
The  special  antiscorbutic  item  in  the  ration  of  the  sailor  was  one  fluid  ounce 
of  lemon  juice  served  with  an  ounce  and  a  half  of  sugar  daily  after  the 
ship  had  been  at  sea  for  a  fortnight.  The  English  Merchant  Marine  con- 
tinued for  some  years  to  neglect,  from  time  to  time  at  least,  to  supply  its 
sailors  with  proper  antiscorbutics,  and  consequently  suffered  occasionally 
from  epidemics  of  scurvy.  Possibly  the  navy  would  not  have  acted  at  the 
time  it  did  had  it  not  been  that  in  the  spring  of  1795  scurvy  appeared 
alarmingly  in  the  Channel  Fleet.  The  winter  had  been  extremely  severe 
and  vegetables  were  high  and  difficult  to  obtain.  Fresh  meat  was  issued 
to  the  sailors  only  one  day  a  week.  In  April  scurvy  had  penetrated  every 
ship  and  so  great  was  the  threatening  of  the  scourge,  that  Budd  says: 

"Fresh,  meat,  together  with  a  plentiful  supply  of  oranges  and  lemons,  was  granted. 
Vegetables  at  first  could  be  procured  only  in  small  quantities;  as  the  season  ad- 
vanced, they  became  more  plentiful,  and  after  the  thirty-first  of  May,  5,000  weight 
of  salad  was  distributed  daily  among  the  sliips  at  Spithead.  The  good  effects  of 
these  refreshments  were  astonishing;  on  the  twelfth  of  June  the  squadron  sailed 
again  in  good  health." 

Scurvy  has  in  several  instances  influenced  the  fate  of  exploring  parties, 
both  in  Arctic  regions  and  in  arid  countries  under  tropical  or  subtropical 
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climate.  An  illustration  of  the  latter  is  afforded  by  the  history  of  the 
Burke  Expedition  into  the  interior  of  Australia  as  told  by  Beckler.  It 
seems  that  some  20  gallons  of  lime  juice  had  been  prepared  for  this  ex- 
pedition, but  it  was  regarded  of  so  little  importance  that  it  was  left  behind. 
The  expedition  was  undertaken  during  the  dry  season  and  the  country 
was  quite  arid  and  free  from  all  green  vegetation.  The  men  carried 
packages  of  dried  vegetables,  but  had  they  been  familiar  with  the  history 
of  scurvy  they  would  have  placed  no  reliance  on  these.    Beckler  says: 

"Of  our  preserved  vegetables  there  is  little  good  to  be  said.  We  had  only  a  few 
packages  of  dried  assorted  vegetables,  the  properties  of  which  had  been  so  pre- 
served by  the  mode  of  preparation  that  we  were  justified  in  expecting  them  to  make 
up  in  a  measure  for  the  want  of  fresh  vegetables.  By  far  the  most  of  our  supply 
consisted  of  unassorted  vegetables  of  various  kinds,  dried  and  pressed,  which  I 
am  bound  to  say,  vsdthout  bias,  that  I  consider  to  have  been  useless. ' ' 

Beckler  attributed  the  scurvy  to  the  bad  drinking  water  to  which  the 
men  were  compelled  to  resort,  and  he  justified  this  conclusion  by  the  state- 
ment that  the  rescue  party,  which,  by  the  way,  traversed  th6  same  region 
in  the  rainy  season,  had  no  scurvy.  It  is  more  than  probable  that  the 
rescuers  found  throughout  the  country  which  they  traversed,  not  only 
better  water,  but  an  abundance  of  edible  vegetables.  Peckey  reports  that 
scurvy  is  not  uncommon  among  the  shepherds  in  the  interior  of  Australia 
when  they  live  on  salt  meat  and  bread,  but  during  the  rainy  season  juicy 
plants  spring  up  and,  although  these  are  disagreeable  to  the  taste,  they 
have  antiscorbutic  properties. 

In  1842  Budd  wrote  as  follows : 

"The  causes  which  in  the  middle  of  last  century  had  rendered  scurvy  less  frequent 
on  land  than  previously  have  continued  to  operate  with  increasing  efficiency;  so 
that  at  present,  except  under  peculiar  circumstances,  the  disease  is  never  met  with 
in  England,  and,  we  believe,  very  rarely  in  any  of  the  northern  countries  of  Europe. 
That  it  should,  a  century  or  two  ago,  have  been  endemic  in  many  parts  of  England 
seems  almost  incredible,  when  we  consider  the  circumstances  under  which  it  arises, 
and  the  present  aspect  of  this  country;  but  we  have  undeniable  evidence  of  the 
fact,  and  it  affords  proof  of  the  extraordinary  change  which  a  few  centuries  have 
wrought  in  the  cultivation  of  the  soil,  and  in  the  habits  of  the  people,  especially 
with  reference  to  the  increased  consumption  of  vegetable  food.  ■  This  is  confirmed 
by  the  historical  fact  that,  until  the  commencement  of  the  sixteenth  century,  no 
salads,  carrots,  turnips,  or  other  edible  roots  were  gi'own  in  England.  The  little 
of  these  vegetables  that  was  used  before  that  time  was  imported  from  Holland  and 
Flanders;  and  in  the  reign  of  Henry  VIII,  Catherine,  when  she  wanted  a  salad,  was 
obliged  to  dispatch  a  messenger  thither  on  purpose. ' ' 

During  our  Civil  War  (1861-1865)  there  were  30,714  cases  of  scurvy 
recognized  among  the  white  soldiers  in  the  Federal  Army  and  383  deaths 
attributed  to  this  disease. 

According  to  Wilcox,  there  was  enormous  wastage,  caused  by  scurvy, 
in  the  Mesopotamian  campaign  in  the  World  War  among  Indian  troops. 
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as  many  as  11,445  cases  occnrriiig-  in  the  last  six  months  of  1916.  Most  of 
these  were  so  crippled  as  to  be  entirely  nnfit  to  nndergo  the  hardships  of 
active  service  in  the  field  and  were  evacuated  to  India.  As  we  have  stated 
elsewhere,  beriberi  prevailed  among  the  European  troops  in  Mesopotamia, 
while  scurvy  raged  among  the  Indian  troops.  Table  I  shows  the  rations 
issued  to  these  troops. 

Table  I 


Bread 

1  lb. 

Fresh  meat 

1  lb. 

Bacon 

3  ozs. 

Potatoes 

1  lb. 

Tea 

1  oz. 

F 

ield  Ration  > 

Atta 

11/2  lbs. 

Fresh  meat 

4       ozs. 

Dhal 

4       ozs. 

Ghi 

2       ozs. 

Gur 

1       oz 

Potatoes 

2       ozs, 

Tea 

%  oz. 

Field  nation  of  British   Troops 
Sugar 
Salt 
Pepper 
Fuel 


Ginger 

Chillies 

Turmeric 

Garlic 

Salt 


Fuel 


21/^  ozs. 

1/2  oz. 

%'6  oz. 

3  lbs. 


1.^  oz. 
Vq  oz. 
%  oz. 
1/g  oz. 
1/2  oz. 
IV2  lbs. 


It  is  the  opinion  of  Wilcox  that  the  absence  of  scurvy  from  the  European 
soldiers  was  largely  due  to  the  fresh  meat.  He  says  that  the  ration  of  lime 
juice  supplied  up  to  the  end  of  1916  had  no  antiscorbutic  value.  This  was 
replaced  later  by  fresh  lime  juice  prepared  in  India  and  preserved  by  the 
addition  of  5  per  cent  alcohol  and  two  grains  to  the  pint  of  salicylic  acid. 
This  preparation  had  antiscorbutic  properties  and  was  of  value  in  the  treat- 
ment of  patients  suffering  from  scurvy.  After  the  occupation  of  Bagdad, 
juices  were  prepared  from  limes  and  bitter  oranges  obtained  locally  and 
preserved  as  above  indicated.  This  was  issued  to  troops  and  had  un- 
doubted antiscorbutic  value.    Wilcox  says : 

"Attempts  were  made  by  the  army  to  grow  vegetables  for  the  troops;  but  it  was 
impossible  to  do  this  in  sufficient  quantity  since  in  Mesopotamia  irrigation  is  es- 
sential for  cultivation  and  a  scheme  for  growing  vegetables  for  the  army  on  a  large 
scale  would  have  taken  a  very  long  time  to  carry  out.  Also  the  art  of  growing  fruit 
and  vegetables  successfully  in  Mesopotamia  demanded  a  long  and  intimate  experience 
of  local  conditions,  and  it  was  found  that  this  could  be  more  economically  and 
satisfactorily  carried  out  by  the  native  Arabs  under  our  supervision,  the  produce 
being  purchased  from  them  by  the  army." 

The  freedom  of  the  Indian  troops  from  beriberi  is  attributed  to  the  large 
amount  of  atta  in  their  ration.  Atta  is  a  coarse  wheat  flour  containing  the 
germ  and  some  of  the  aleurone  layer  of  the  grain,  and  consequently  rich 
in  antiberiberic  substance.     A  preparation  of  condensed  yeast,  known  as 
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inarmite,  was  tried  on  account  of  its  supposed  antiberiberic  properties  and 
in  "Wilcox's  opinion  it  proved  of  value  in  the  treatment  of  this  disease. 

In  1917  the  bread  supplied  the  European  soldiers  was  made  from  flour 
to  which  from  25  to  75  per  cent  of  atta  was  added.  Bread  made  from  this 
mixture  did  not  rise  so  well  and  was  heavier  than  that  made  from  wheat 
flour,  but  the  change  was  believed  to  be  beneficial  in  the  eradication  of 
beriberi.    In  conclusion,  Wilcox  says : 

''The  experiences  of  war  especially  in  distant  countries  such,  as  Mesopotamia,  called 
for  special  attention  to  the  scientific  rationing  of  troops.  The  old  idea  of  sufiSeiency 
of  calories,  or  of  proteins, .  fat  and  carbohydrates  is  quite  inadequate  to  meet  the 
needs.  A  dietary  to  be  satisfactory  must  contain  proteins,  fat,  and  carbohydrates 
in  the  proper  amount  and  also  must  satisfy  the  calorie  requirements.  In  addition 
it  is  essential  that  it  should  be  adequate  as  regards  vitamin  content,  e.g.,  it  must 
be  protective  against  scurvy,  beriberi  and  other  deficiency  diseases." 

That  scurvy  is  still  of  interest  is  shown  by  the  fact  that  in  1921  it  was 
scattered  over  both  European  and  Asiatic  Russia,  and  was  especially 
prevalent  in  the  Red  Army.  For  many  years  scurvy  has  been  common 
enough  among  the  native  mine  workers  in  South  Africa  to  prove  of 
economic  importance  and  to  justify  an  investigation  of  the  antiscorbutic 
properties  of  the  fruits  and  vegetables  of  that  country.  In  this  study 
the  preeminence  of  the  orange,  including  the  mardarins  and  tangerines, 
has  been  maintained.  There  is  said  to  be  promise  in  the  pawpaw,  but 
the  evidence  on  this  point  is  not  conclusive. 

Theories  of  Scurvy. — Quite  naturally,  those  who  saw  this  disease  prin- 
cipally or  altogether  among  sailors,  came  to  the  conclusion  that  it  was 
due  to  an  excess  of  salty  food.  Quite  evidently,  this  did  not  apply,  at  least 
in  all  instances,  to  scurvy,  as  the  disease  appeared  among  soldiers  and 
civilians.  Kramer,  chief  physician  of  the  Austrian  Army  which  suffered  so 
severely  in  Hungary  early  in  the  eighteenth  century,  states  that  his  troops, 
especially  in  the  spring  of  1720  when  the  disease  was  most  rife,  ate  no  salt 
beef  or  pork  but  had  plenty  of  fresh  meat  at  very  low  price.  Nitzsch,  in 
1747,  wrote  a  history  of  scurvy  in  the  Russian  Armies,  and  states  that  at  no 
time  when  this  disease  was  especially  prevalent  were  the  soldiers  confined 
to  a  salty  diet.  He  describes  this  disease  as  it  appeared  in  the  siege  of 
several  places  and  in  all  instances  the  soldiers  had  considerable  quantities 
of  fresh  meat,  and  especially  fish.  Lind  pointed  out  that  the  men  who 
worked  and  lived  almost  continuously  in  the  great  salt  mines  of  Poland 
have  never  been  known  to  suffer  from  an  epidemic  of  scurvy.  The  same 
authority,  as  we  have  already  seen,  administered  sea  water  to  his  patients 
in  considerable  quantities  daily,  and  while  it  did  them  no  good,  it  added  in 
no  way  to  the  progress  of  the  disease. 

About  the  middle  of  the  eighteenth  century  there  was  a  marked  epidemic 
of  scurvy  among  French  prisoners  held  in  England.     These  men  had  had 
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no  salty  food.  They  had  been  fed  upon  fresh  bread  and  meat,  but  had  had 
no  vegetables.  From  time  to  time  during  the  nineteenth  century  scurvy 
appeared  and  reached  epidemic  proportions  in  prisons,  almshouses,  and  in- 
sane asylums  in  England  and  in  the  United  States,  and  in  no  instance 
could  these  epidemics  be  attributed  to  salty  food,  but  in  all  there  were  de- 
ficiencies in  fresh  vegetables. 

So  far  as  we  can  ascertain,  there  is  only  one  error  in  Lind's  conclusions 
concerning  the  causes  of  scurvy.  He  carried  out  his  experiments  with 
food  scientifically,  but  he  never  rid  himself  of  the  idea  that  weather,  es- 
pecially cold  and  wet,  had  much  to  do  with  predisposing  to  this  disease. 
He  wrote  as  follows : 

' '  It  is  observed,  that  an  intense  degree  of  cold  sucli  as  the  inhabitants  suffer 
during  the  hard  winters  in  Iceland,  Greenland,  the  northern  parts  of  Eussia,  etc., 
together  with  the  diet  the  poor  are  necessarily  obliged  to  use  during  that  rigorous 
season,  infallibly  gives  rise  to  this  disorder.  And  here  we  cannot  but  remark  the 
pernicious  effects  of  cold  in  augmenting  its  malignity,  and  rendering  it  a  much  more 
frequent  and  virulent  distemper  in  these  northern  countries,  than  in  warmer  cli- 
mates. It  may,  however,  be  doubted,  whether  the  most  intense  degree  of  cold,  pro- 
vided the  air  is  dry  and  pure  at  the  same  time,  would  breed  this  malady.  For  all 
these  northern  countries  are  subject  to  great  fogs,  not  only  in  summer,  but  in 
winter;  when  the  cold  is  excessive  or  pestered  with  what  is  called  'frost-smoak; ' 
a  vapor  which  rises  out  of  .the  sea  like  smoke  from  a  chimney,  and  is  as  thick  as 
the  thickest  mist." 

In  studying  the  history  of  epidemics  of  scurvy,  one  is  impressed  with  two 
things  which  stand  out  prominently.  The  first  is,  that  in  the  histories  of 
scurvy  in  besieged  cities  the  disease  is  more  likely  to  occur  and  more  cer- 
tain to  be  severe  when  the  siege  begins  to  operate  in  late  winter  or  early 
spring,  and  the  observation  amounts  to  the  same  thing  when  applied  to  this 
disease  among  sailors.  Ships  or  fleets  starting  on  long  voyages  late  in 
winter  or  early  in  spring  are  apparently  more  likely  to  develop  scurvy  early 
and  abundantly  than  is  the  case  on  ships  going  to  sea  in  the  fall.  The  ex- 
planation for  these  two  sets  of  observations  amounts  to  the  same  thing. 
In  a  city  with  the  people  living  under  conditions  that  prevailed  in  northern 
Europe  two  or  three  hundred  years  ago,  the  inhabitants  would  be  on 
the  verge  of  scurvy  with  the  approach  of  spring  under  natural  condi- 
tions. If  held  in  the  city  by  a  siege  beginning  in  the  spring,  the  continued 
absence  of  fresh  vegetables  from  the  diet  would  hasten  the  appearance  and 
increase  the  virulence  of  the  disease.  Sailors  who  had  spent  the  summer  on 
shore  or  in  ports  where  they  had  an  abundant  supply  of  fresh  vegetable 
food,  could  go  to  sea  on  a  long  voyage  in  the  fall  much  better  protected 
against  the  scurvy  than  they  would  have  been  had  they  started  late  in 
winter  or  early  in  spring  after  months  during  which  they  had  had  but 
a  limited  supply  of  fresh  food.  Other  than  conditions  like  this,  weather 
has,  so  far  as  we  can  see,  no  influence  either  upon  the  appearance  or 
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vAPHlence  of  an  epidemic  of  this  disease.    As  we  have  seen,  the  first  recorded 

eggfleniic  of  scurvy  occurred  among  the  crusaders  in  Egypt,  and  we  are  in- 

ed  by  the  chronicler  of  the  Anson  Expedition  that  the  warm  weather 

of/ the  tropics  gave  to  the  seamen  on  this  voyage  no  surcease  from  the 

rulence  of  the  disease. 

About  the  same  time  that  Lind  wrote,  much  was  being  said  concerning 
the  influence  of  the  bad  air  on  ships  in  the  causation  of  scurvy ;  in  fact, 
one  of  the  earliest  attempts  to  ventilate  the  hold  of  a  ship  was  made  with 
the  idea  that  success  in  this  direction  would  aid  in  the  elimination  of  this 
disease.  Lind  held  that  neither  bad  air,  crowding,  nor  filth  played  any 
important  part  in  the  causation  of  this  disease  and  he  unequivocally  showed 
that  improvement  in  these  conditions  had  no  effect  upon  the  progress  of  the 
disease.  He  pointed  out  that  the  ship 's  carpenters  were  compelled  to  work 
in  the  foulest  air  of  the  hold  and  that  they  were  not  more  susceptible  to 
the  disease  nor  did  they  suffer  more  severely  than  those  who  spent  a  large 
portion  of  their  time  on  the  open  deck.  The  record  is  made  that  in  the 
disastrous  Anson  voyage  there  was  no  abatement  in  the  disease  at  times 
when  it  was  possible  to  keep  all  the  ports  open  to  admit  an  abundance  of 
fresh  air.  Lind  also  made  it  plain  that  patients  with  scurvy  improved 
quite  as  readily  and  rapidly  with  a  change  in  diet,  whether  kept  on  board 
or  transferred  to  shore.  When  a  ship  with  a  scurvy  crew  came  into  port 
the  one  thing  essential  to  cure  the  men  was  to  furnish  them  with  an 
abundant  supply  of  fresh  fruit  and  vegetables,  and  it  made  no  difference 
whether  the  men  remained  on  board  the  ship  or  were  placed  in  hospitals 
on  the  shore. 

It  was  thought  by  some  that  bad  drinking  water  had  much  to  do  with  the 
causation  of  scurvy.  This  opinion  was  especially  expressed  by  those  who 
wrote  of  the  disease  in  the  Russian  and  Austrian  Armies,  and  it  is  a  matter 
of  interest  that  one  of  the  first  attempts  to  use  a  sand  filter  for  the  purifica- 
tion of  river  and  lake  water  was  made  by  Austrian  physicians  in  the"  wars 
of  their  country  with  the  Turks.  "We  give  herewith  a  description  of  one  of 
these  filters : 

"A  long  small  boat  is  divided,  into  several  different  apartments  by  cross  parti- 
tions. They  fill  them  all,  except  the  last,  with  sand.  The  boat  is  put  into  the  lake. 
A  hole  level  with  the  surface  of  the  water  is  made  in  the  end  of  the  boat,  which 
lets  the  water  into  the  first  division;  from  this  it  gets  into  the  second  by  a  hole 
made  in  the  bottom  of  the  first  partition;  from  the  second  it  runs  into  the  third, 
through  a  hole  in  the  top  of  the  second  partition  and  so  alternately  above  and  be- 
low, that  it  may  be  obliged  to  pass  through  all  the  sand.  At  the  top  of  the  last 
division  there  is  a  pipe,  through  which  the  water  comes,  at  pleasure,  as  pure  as 
from  a  fine   spring." 

It  will  be  admitted  that  this  was  no  mean  way  in  wiiich  to  secure  a  supply 
of  safe  drinking  water. 
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From  time  to  time,  and  even  recently,  some  one  has  suggested  that  scurvy 
is  a  contagious  disease.  This  idea  was  contested  very  forcibly  and  con- 
clusively by  Lind,  and,  in  fact,  it  has  never  had  any  support  from  those 
best  situated  and  most  competent  to  study  the  disease.  On  this  point  Budd 
wrote  in  1842  as  follows : 

"We  have  already  seen  that  scurvy  may  occur  in  all  climates,  either  on  land,  or 
at  sea;  in  persons  who  subsist  on  salt  meat  or  fresh;  and  in  situations  in  "which 
the  utmost  attention  is  paid  to  cleanliness  and  ventilation.  There  is  one  condition, 
however,  which  is  necessary  for  the  production  of  scurvy;  namely,  prolonged  absti- 
nence from  succulent  vegetables  or  fruits,  or  their  preserved  juices  as  an  article 
of  food.  When  this  condition  is  fulfilled,  we  find  scurvy  arising  in  persons  whose 
situations  are  the  most  various  in  every  other  respect  in  which  we  can  compare 
them;  while  not  a  single  instance  can  be  cited  of  its  occurring  in  a  person  well 
supplied  with  these  vegetables  or  fruits.  This  circumstance,  together  with  the 
fact  that  scurvy  is,  in  all  cases,  rapidly  cured  when  a  supply  of  these  vegetables 
or  fruits  is  furnished,  leads  us  to  consider  the  abstinence  in  question  as  its  essential 
and  sole  cause.  We  have  said  that  this  abstinence  can  be  prolonged;  and  it  would 
seem,  indeed,  that  in  a  person  previously  well  supplied  with  vegetable  juices,  ab- 
stinence of  from  two  to  five  months  is  necessary  to  produce  the  disease.  On  land, 
scurvy  has  shown  itself,  always  towards  the  end  of  winter  or  in  spring;  at  sea, 
it  has  appeared  after  voyages  of  very  different  durations;  in  some  cases,  at  the 
end  of  a  month  or  six  weeks;  in  others,  after  the  lapse  of  five  or  six  months.  This 
difference  depended  upon  the  time  of  year  when  the  vessel  left  port,  or  rather  on 
the  previous  diet  of  the  men.  Attention  to  this  circumstance  will  serve  to  explain 
all  the  apparent  anomalies  which  have  forced  writers  on  scurvy  to  have  recourse 
to  such  a  variety  of  causes." 

Among  recent  claimants  of  the  bacterial  causation  of  scurvy  may  be 
mentioned  Jackson  and  Moody.  They  claim  the  discovery  of  a  diplococcus 
which  causes  scorbutic  lesions  in  guinea  pigs  and  rabbits  even  when  these 
animals  are  fed  on  an  antiscorbutic  diet. 

Antiscorbutic  Foods. — If  young,  growing  guinea  pigs  of  about  300 
grams  weight  be  fed  exclusively  on  oats  and  bran  with  milk  heated  to 
120°  C.  for  one  hour,  scurvy  develops  in  these  animals  in  from  ten  to  twenty 
days  and  death  occurs  in  about  30  days.  This  gives  opportunity  to  test 
the  antiscorbutic  value  of  different  foods.  The  food  to  be  tested  is  added  in 
variable  quantity  to  the  scurvy  diet,  and  its  success  or  failure  to  prevent  the 
development  of  the  disease  is  noted.  In  this  way  tables  have  been  prepared 
showing  the  relative  antiscorbutic  value  of  different  foods.  These  findings 
are,  however,  to  be  accepted  with  some  caution,  because  the  antiscorbutic 
value  of  a  food  depends  not  only  upon  its  presence  in  the  diet,  but  upon  the 
amount  added  and  the  condition  of  the  food  at  the  time  it  is  consumed. 
As  we  have  seen  from  the  earliest  records  of  this  disease,  the  antiscorbutic 
value  of  oranges  and  lemons  has  been  recognized.  In  the  early  reports 
there  is  no  mention  of  limes ;  indeed,  we  believe  that  West  Indian  limes 
were  not  known  in  Europe  two  hundred  years  ago,  or  even  one  hundred 
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years  ago.  When  an  antiscorbntic  ration  was  introduced  into  the  British 
Navy  in  1795  lemon  juice  was  chosen  and  continued  to  be  the  agent  em- 
ployed for  many  years.  During  the  early  part  of  the  nineteenth  century 
the  English  obtained  lemons  from  the  Mediterranean  region  where  they 
were  secured  in  unlimited  quantity,  in  good  condition,  and  at  a  reasonable 
price.  In  the  third  quarter  of  the  nineteenth  century  the  British  West 
Indies  began  to  produce  sour  limes  in  large  quantity  and  lime  juice  was 
substituted  in  the  English  Navy  for  lemon  juice  as  the  antiscorbutic  ration. 
It  is  worthy  of  note  that  the  lime  juice  supplied  the  British  Navy  was 
frequently  found  adulterated. 

In  1850  the  Investigator,  supplied  with  lemon  juice,  made  a  Polar  expe- 
dition. This  ship  left  England  in  January,  1850,  and  reached  the  ice 
regions  during  the  following  summer.  Throughout  the  next  winter  and 
spring  the  men  on  this  expedition  engaged  in  sledging  Arctic  explorations 
and  had  no  scurvy.  In  the  autumn  of  1851  their  rations  were  reduced  to 
two-thirds  and  the  lemon  juice  ration  was  cut  in  two,  and  still  there  was 
no  scurvy  during  the  following  winter  and  spring.  In  May,  1852,  the  first 
case  developed — 27  months  after  leaving  England  and  with  a  large  reduc- 
tion in  ration  and  lemon  juice  during  a  part  of  this  time.  More  than  15 
months  passed  before  this  crew  was  rescued  and  during  the  whole  period 
of  its  absence  from  England,  three  and  one-half  years,  there  were  only 
three  deaths  from  scurvy. 

In  1875  the  Alert  and  the  Discovery  sailed  from  England  in  search  of 
the  North  Pole.  The  antiscorbutic  ration  furnished  this  time  was  lime 
juice.  The  men  on  this  voyage  had  their  first  taste  of  scurvy  in  January, 
1876,  and  during  the  following  summer  and  fall  the  disease  developed 
abundantly  and  with  great  severity.  This  expedition  returned  to  England 
in  October,  1876. 

From  a  study  of  the  history  of  these  expeditions  one  sees  the  inferiority 
of  lime  juice  compared  with  lemon  juice  as  an  antiscorbutic.  Kec-ently, 
Chick,  Hume  and  Skelton  have  compared  by  experiments  on  guinea  pigs, 
as  above  stated,  the  relative  values  of  lemon  and  lime  juices.  In  order  that 
there  might  be  no  mistake  the  same  test  was  made  upon  monkeys.  The 
conclusion  reached  is  that  the  value  of  fresh  lemon  juice  is  approximately 
four  times  that  of  fresh  lime  juice.  It  will  be  remembered  that  in  his  in- 
vestigations Lind  gave  preference  to  oranges  over  lemons,  and,  so  far  as  we 
know,  there  has  been  no  contradiction  of  Lind's  conclusions.  The  three 
principal  citrous  fruits,  so  far  as  their  antiscorbutic  properties  are  con- 
cerned, should  appear  in  the  following  order :  oranges ;  lemons ;  limes ;  with 
oranges  and  lemons  of  nearly  equal  value  and  with  limes  only  one-fourth 
as  effective  as  the  other  two.  Lind  recommended  a  concentrated  orange 
or  lemon  juice  with  alcohol  in  some  form  as  a  preservative.  Experience, 
however,  has  demonstrated  that  the  fresh  juices  are  much  superior  to  the 


SCURVY  53 

preserved  preparations.  The  juices  of  oranges  and  lemons  may  be  boiled 
for  a  short  time  without  appreciable  loss  in  efficiency,  but  when  subjected 
to  continued  heat  or  higher  temperatures  under  pressure  their  antiscorbutic 
properties  are  materially  decreased.  Even  when  these  juices  are  kept 
in  cold  storage  without  the  previous  application  of  heat,  after  a  few  months 
there  is  a  marked  decrease  in  their  efficiency.  The  addition  of  only  three 
c.c.  of  unheated  fresh  orange  or  lemon  juice  to  the  scurvy  diet  as  given 
above,  protects  guinea  pigs  from  the  disease,  but  when  the  juice  has  been 
kept,  even  in  an  ice-box  and  protected  from  an  excess  of  air,  after  six 
months  this  quantity  will  not  protect ;  indeed,  double  this  amount  fails  to 
do  so.  It  is  important,  therefore,  to  understand  that  lime  juice  has  but 
little  antiscorbutic  value  and  that  orange  and  lemon  juices  are  most  efficient 
when  freshly  prepared.  If  these  juices  are  made  alkaline  and  allowed  to 
stand  for  a  relatively  short  time,  their  value  falls  rather  rapidly.  The 
deterioration  of  alkalized  orange  and  lemon  juices  is  hastened  by  the  ap- 
plication of  heat.  There  is,  however,  no  objection  to  rendering  orange 
juice  slightly  alkaline  if  it  is  immediately  administered.  It  is  probably 
worthy  of  note  that  subcutaneous  and  intraperitoneal  injections  of  orange 
and  lemon  juices  do  not  protect  guinea  pigs  against  scurvy.  It  is  desirable 
that  antiscorbutic  foods  should  be  administered  by  mouth.  The  juice  of 
the  lemon  or  the  orange  in  the  acid  state  may  be  evaporated  to  dryness  in 
vacuo  without  much  change  in  value ;  in  fact,  these  juices  have  been  used 
in  the  form  of  powders,  this  condition  having  been  reached  by  spraying 
into  a  vacuum. 

The  following  quotation  from  Lind  is  of  interest: 

"We  are  upon  this  occasion  informed  by  several  authors,  of  an  old  custom  prac- 
ticed in  some  parts  of  Norway  for  the  recovery  of  scorbutic  people.  They  expose 
them  in  a  neighboring  desert  island  in  the  summer  season,  where  they  live  chiefly 
on  cloudberries;  and  it  is  remarked,  that,  by  eating  plentifully  of  these,  together 
with  the  change  of  air,  they  are  restored  to  perfect  health  in  a  very  short  time. 
In  that  country,  the  fruits  gathered  by  the  diseased  themselves,  are  reputed  of  the 
gTeatest  virtue.  It  no  doubt  is  the  case,  as  by  this  means  the  patient  breathes  the 
salutary  country  air  in  the  open  fields.  Thus  a  free  and  pure  country  air,  with  such 
moderate  exercise  as  at  the  same  time  conduces  to  the  agreeable  amusement  of  the 
mind,  is  requisite." 

The  cloudberry  is  a  variety  of  raspberry  and  it  has  been  demonstrated 
by  Hoist  and  Froelich,  Scandinavian  investigators,  that  the  antiscorbutic 
value  of  raspberries  is  quite  equal  to  that  of  oranges  and  lemons.  Pre- 
served mulberries,  sugared  and  cooked  for  one-quarter  of  an  hour,  possess 
and  hold,  for  a  time  at  least,  marked  antiscorbutic  properties. 

It  has  been  suggested  that  the  relative  infrequency  of  scurvy  in  the 
French  fleet  is  due  to  the  fact  that  wine  is  served  to  the  seamen  of  this 
nation  as  a  part  of  the  daily  ration,  while  in  t"he  English  Navy  grog  is 
given.     Recent  experiments,  however,  indicate  that  ripe  grapes  at  least. 
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are  not  of  high  autiscorbutic  potenc}^  It  was  found  by  Chick  and  her  as- 
sistants that  the  juice  of  the  grape  is  only  one-tenth  the  value  of  that  of 
the  orange.  Some  are  of  the  opinion  that  the  value  of  the  green  or  slightly 
ripening  grape  is  greater  than  that  of  the  fully  ripe  fruit.  A  similar  sug- 
gestion has  been  made  concerning  the  influence  of  maturity  upon  other 
fruits.  Trotter  observed  that  scorbutic  j^atients  declined  ripe  guavas,  while 
they  ate  green  ones  with  readiness.  He,  therefore,  took  nine  scurvy  pa- 
tients. To  one  group  of  three  he  gave  lemons;  to  a  second  group,  green 
guavas,  and  to  a  third,  ripe  guavas.  After  a  week  the  members  of  the  first 
two  groups  were  well,  while  those  of  the  last  were  in  much  the  same  state 
as  before  the  experiment.  In  the  early  part  of  the  nineteenth  century  scurvy 
appeared,  though  not  alarmingly,  among  French  soldiers  stationed  in  Alpine 
regions.  Fodere  believed  that  they  Avere  benefited  by  being  abundantly 
supplied  with  ripe  grapes.  Apples  and  cider  have  slight  antiscorbutic 
properties,  but  are  apparently  inferior  to  the  citrous  fruits.  Trotter  states, 
however,  that  when  the  English  fleet  arrived  at  Spithead  on  the  nineteenth 
of  September,  1795,  almost  every  man  was  affected  with  scurvy.  Large 
quantities  of  vegetables  were  provided,  but  lemon  juice  being  scarce,  50 
baskets  of  unripe  apples  were  procured  on  the  Isle  of  Wight  and  recovery 
from  the  disease  on  their  use  followed  speedily.  It  is  within  the  range 
of  possibility  that  the  potency  of  apples  varies  not  only  with  the  stage  of 
maturity,  but  with  the  variety  of  the  fruit. 

The  suggestion  that  scurvy  has  been  relatively  less  frequent  on  French 
than  on  English  men-of-war  might  be  questioned.  The  French  Navy  has 
never  been  so  large  as  the  English  and  long  voyages  have  not  been  so  fre- 
quently undertaken  by  the  French.  A  very  superficial  examination  of 
French  literature  shows  more  than  30  outbreaks  of  scurvy  on  French  ships 
of  war  between  1825  and  1880.  One  of  these  is  of  sufficient  interest  to  cite. 
In  1867  when  the  French  were  compelled  to  abandon  Mexico,  the  transport, 
Castiglione,  was  sent  from  France  to  Vera  Cruz  where  it  was  immediately 
occupied  by  soldiers  and  started  on  its  return  voyage.  On  the  twentieth 
day  out  from  Vera  Cruz  the  crew  was  severely  stricken  with  scurvy  and 
the  ship  was  obliged  to  put  in  at  the  Azores  where  large  quantities  of  fresh 
potatoes,  cabbages,  and  other  vegetables  were  taken  on  board.  The  crew 
reached  Toulon  a  fortnight  later  practically  free  from  the  disease. 

We  have  seen  no  estimate  in  this  particular  of  the  value  of  the  mango  or 
grapefruit.    The  banana  is  said  to  be  without  autiscorbutic  value. 

Fresh,  green,  leafy  vegetables  have  long  had  the  reputation  of  being 
possessed  of  great  antiscorbutic  potenc}''.  In  this  class,  cabbage  holds  the 
lead,  probably  because  of  its  wide  distributio.n,  the  large  amounts  in  which - 
it  can  be  consumed,  the  varieties  in  which  it  appears,  and  the  ease  with 
which  it  ma}^  be  preserved  during  the  winter  or  packed  and  carried  on 
long  voyages.     One  gram  of  fresh  cabbage  added  to  the  scurvy  diet  pro- 
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tects  guinea  pigs  from  this  disease,  while  one-half  this  amount  fails  to  do 
so.  Two  grams  relieves  beginning  scurvy,  or  when  added  to  the  diet  be- 
fore the  disease  develops  apparently  satisfies  all  nutritional  needs.  In 
antiscorbutic  potency,  cabbage  is  followed  by  lettuce,  collards,  endives, 
dandelion  leaves,  sorrel,  and  turnip  tops.  Among  green  vegetables  the 
cabbage  holds  about  the  same  place  as  that  given  to  the  orange  or  the 
lemon  among  fruits.  Cooking  lessens  the  antiscorbutic  value  of  all  green 
vegetables,  though  it  makes  a  difference  how  long  the  heating  is  continued. 
Prolonged  heat  is  more  detrimental  than  a  higher  temperature  maintained 
for  a  shorter  time.  It  follows  from  this  that  the  slow  cooking  of  green 
vegetables  is,  at  least  so  far  as  their  antiscorbutic  potency  is  concerned,  to 
be  avoided.  Vegetable  juices  are  more  sensitive  to  heat  than  the  vegetables 
themselves,  though  in  this  respect  there  are  great  differences  in  the  juices. 

For  certain  purposes  it  is  highly  desirable  that  some  method  of  desiccat- 
ing fresh  vegetables  without  destroying  their  antiscorbutic  properties 
should  be  devised.  This  would  furnish  the  soldier  with  a  valuable  addition 
to  his  daily  ration  and  would  enable  him  to  carry  his  antiscorbutic  in  his 
knapsack.  Although  repeated  claims  have  been  made  and  are  still  being 
made  from  time  to  time,  we  are  not  aware  of  the  existence  of  any  method 
of  dehydrating  without  at  the  same  time  lessening  food  values.  Cabbage 
is  best  preserved  in  the  form  of  sauerkraut,  but  this  is  bulky  and  does  not 
fill  the  want.  "We  have  already  seen  that  dried  vegetables,  sent  to  the 
Austrian  soldiers  in  Hungary  during  the  wars  with  the  Turks,  were  without 
value.  From  time  to  time,  some  enterprising  genius  offers  to  sell  to  the 
Government  a  formula  for  carrying  and  serving  green  vegetables  in  tablet 
form.  Many  of  these  rations  have  been  tried  in  our  own  armies,  as  well  as 
in  those  of  other  countries,  and  up  to  the  present  time  they  have  not  been 
a  success. 

Some  form  of  green  vegetable  at  some  time  of  the  year  grows  in  most 
countries  in  sufficient  abundance  to  protect  the  ordinary  population  from 
scurvy,  but  there  are  many  places  in  which  supplies  are  not  at  the  time 
available  for  moving  armies.  According  to  Parrj^,  the  Eskimos  eat  sorrel 
which  begins  to  vegetate  in  those  regions  about  the  middle  of  June,  but  we 
fail  to  find  any  evidence  that  they  lay  in  a  supply  of  this  delectable  food 
for  the  winter  season. 

Vegetables  may  be  pickled  and  in  this  form  retain  marked  antiscorbutic 
potency.  Mertans  (1770),  in  reporting  to  the  Eoyal .  Society  of  England 
concerning  his  observations  during  many  years  of  residence  in  Moscow, 
stated  that  he  frequently  saw  scurvy  among  the  well-to-do  but  very  seldom 
among  the  working  people.  The  immunity  of  the  latter  he  believed  to  be 
due  to  their  eating  abundantly  all  the  year  around  of  pickled  vegetables, 
especially  cabbage.  Other  travelers  in  Eussia,  who  have  left  the  beaten 
paths  or  mingled  with  the  common  people,  are  acquainted  with  the  great 
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variety  of  ways  in  which  cabbages  are  served  in  that  country.  Among 
the  German  people  sauerkraut  is  regarded  as  a  most  delectable  dish  and 
in  its  place  other  vegetables,  especially  turnips,  prepared  in  like  manner, 
are  often  preserved  and  eaten. 

"We  have  already  given  Cartier's  description  of  how  he  and  his  soldiers 
were  saved  in  Canada  by  drinking  decoctions  of  spruce  tops.  There  are 
many  similar  statements.  When  the  Swedes  invaded  Eussia  several  cen- 
turies ago,  it  is  said  that  the  progress  of  the  army  was  arrested  by  a  severe 
outbreak  of  scurvy  and  that  a  prompt  and  efficient  remedy  was  found  in 
the  needles  of  the  common  fir,  the  scientific  name  of  which  was  changed 
from  abies  riibra  to  pinus  antiscorhutica.  In  like  manner  it  is  reported 
that  in  1736  two  squadrons  of  the  Eussian  Navy  were  obliged  to  winter 
on  the  northern  coast  of  Siberia  near  the  mouth  of  the  Eiver  Lena.  While 
in  their  winter  quarters  scurvy  distressed  them  and  they  found  relief  by 
cooking  and  eating  the  needles  of  the  mountain  pine,  pinus  sylvestris. 

Of  the  tuberous  foods,  the  potato  is  the  most  widely  cultivated  and  most 
abundantly  eaten.  The  potato,  however,  compared  weight  for  weight  with 
such  fruits  as  the  orange  and  lemon  has  but  feeble  antiscorbutic  potency. 
This,  however,  does  not  mean  that  the  potato  could  be  easily  dispensed  with 
in  protecting  ourselves  against  this  disease.  Potatoes  are  eaten  by  almost 
everybody  and  are  consumed  in  large  quantities.  It  has  been  found  that 
on  a  scurvy  diet,  17  grams  of  potatoes,  steamed  at  100°  C.  for  30  minutes, 
do  not  fully  protect  guinea  pigs  against  the  disease.  In  estimating  the 
value  of  the  potato  as  an  antiscorbutic  Hess  makes  the  following  statement : 

"It  is  common  knowledge  that  outbreaks  of  scurvy  follow  closely  upon  a  failure 
of  the  potato  crop.  This  has  been  particularly  the  case  in  Ireland,  where  it  was 
especially  evident  in  relation  to  the  great  epidemic  of  scurvy  in  1847.  Hoist  and 
Froelich  inform  us  that  'all  scurvy  epidemics  in  Norway  in  the  nineteenth  and 
beginning  of  this  century  followed  failure  of  the  potato  crop. '  Nor  is  this  danger 
past.  In  an  article  entitled,  'The  Eole  of  Antiscorbutics  in  our  Dietary,'  the 
author  recently  reported  that  a  partial  failure  of  the  potato  crop  in  the  eastern 
part  of  the  United  States  led  to  the  development  of  scurvy  in  numerous  institutions, 
in  one  of  which  over  200  cases  of  definite  scurvy  developed  in  the  spring  of  1916." 

It  appears  that  freezing  does  not  lessen  the  antiscorbutic  properties  of 
the  potato.  In  1857  there  was  a  small  garrison  at  Fort  Eandall,  Dakota. 
Supplies  were  sent  from  St.  Louis  by  boat,  but  on  account  of  the  ice  the 
boat  was  compelled  to  stop  100  miles  below  the  fort.  Through  this  distance 
the  supplies  were  carried  in  wagons  and  did  not  reach  the  men  until  the 
first  week  in  January.  The  potatoes  were  frozen  through  and  through, 
but  the  men  ate  them,  both  cooked  and  raw,  with  the  result  that  the 
scurvy  temporarily  disappeared,  with  some  show  of  return  some  weeks 
after  the  supply  of  potatoes  had  been  exhausted. 

Chick  and  her  assistants  have  given  great  prominence  to  a  tuber  grown 
largely  in  England  but  practically  unknown  in  this  country.     The  common 
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name  is  swede  and  it  belongs  to  the  order  Cruciferae.     Of  this  food  the 
English  investigators  say: 

"The  juice  of  the  fresh  raw  swede  easily  takes  the  first  place  in  respect  of  anti- 
scorbutic value.  Protection  from  scurvy  was  attained  with  a  daily  ration  of  2.5  e.c. 
In  case  of  raw  carrot  juice,  severe  scurvy  developed  in  animals  receiving  daily 
rations  of  5  and  10  c.c;  with  a  daily  ration  of  20  c.c,  protection  from  scurvy  was 
secured  and  the  general  condition  of  the  animals  was  about  the  same  as  of  those 
receiving  a  daily  ration  of  2.5  c.c.  of  swede  juice.  In  case  of  beet-root,  the  anti- 
scorbutic value  was  less  than  that  of  carrot;  animals  receiving  a  daily  ration  of 
20  c.c.  fresh  raw  juice  showed  only  a  small  degree  of  protection,  acute  symptoms 
of  scurvy  supervened  in  every  case,  and  death  from  scurvy  occurred  in  several  in- 
stances before  the  period  of  experiment,  three  months,  had  expired.  It  is  thus 
seen  that  raw  swede  juice  provides  a  valuable  and  inexpensive  source  of  anti- 
scorbutic material.  Its  value  is  not  markedly  inferior  to  that  of  fresh  orange  juice, 
and  it  may  be  regarded  as  a  satisfactory  substitute;  its  value  is  ten  times  that  of 
raw  carrot  and  more  than  ten  times  that  of  raw  beet-root  juice.  It  has  recently 
been  adopted  in  some  infant  welfare  centers,  and  there  does  not  appear  to  be  any 
drawback  to  its  use  for  the  purpose  of  infant  feeding. ' ' 

Onions,  garlic,  and  similar  foods  were  at  one  time  believed  to  be  of  value 
in  the  prevention  of  scurvy,  but  their  use  for  this  purpose  has  apparently 
been  discontinued. 

Hess  stresses  the  value  of  the  tomato,  even  when  canned,  as  an  anti- 
scorbutic.   He  says : 

"It  was  found,  in  an  experiment  embracing  many  series  of  guinea  pigs,  that  4  c.c. 
daily  of  strained,  canned  tomato  are  sufficient  to  afford  protection,  even  when  a  lot 
was  used  which  had  been  prepared  a  year  previously.  This  is  indeed  remarkable, 
considering  that  the  food  undergoes  a  two-fold  heating  in  the  course,  of  canning,  dur- 
ing one  of  which  (processing)  the  temperature  is  raised  to  fully  230°  F.  Tomatoes 
have  another  advantage  over  most  other  vegetables  in  that  they  are  richly  endowed 
with  the  water-soluble  vitamin,  as  shown  by  our  tests  on  pigeons  suifering  from 
polyneuritis,  and  by  the  experiments  on  rats  by  Osborne  and  Mendel,  who  found 
tomatoes  far  superior  in  this  respect  to  turnips,  onions,  beet-roots  or  beans.  They 
are  also  rich  in  the  fat-soluble  vitamin.  In  view  of  the  availability  of  canned 
tomatoes  and  their  excellent  keeping  quality  they  are  well  suited  to  an  extended 
use  as  an  antiscorbutic." 

The  cereals,  leguminous  seeds,  or  pulses,  as  wheat,  rye,  rice,  maize,  millet, 
peas,  beans,  and  lentils  are  without  antiscorbutic  properties  except  when 
germinated.  Chick  found  that  the  addition  of  from  30  to  40  grams  daily 
of  dried,  green  peas  to  the  scurvy  diet  did  not  prevent  the  development  of 
the  disease  in  guinea  pigs,  while  the  addition  of  10  grams  of  germinated 
peas  did  protect.  The  peas  were  kept  moist,  with  free  access  of  air,  for 
48  hours  at  room  temperature,  when  they  developed  sprouts  about  1  cm. 
long.  In  this  condition  they  were  found  to  have  an  antiscorbutic  value 
equal  to  that  of  many  fresh  vegetables,  but  not  so  great  as  that  of  cabbage. 
Cooking  reduced  their  value  about  75  per  cent. 

There   has   been   diversity   of    statement   concerning   the   antiscorbutic 
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properties  of  fermented  alcoholic  beverages.  As  has  been  stated,  Cook,  on 
his  great  voyage  of  discovery,  prepared  an  infusion  of  malt  each  day  and 
made  liberal  distribution  of  this  preparation  to  his  seamen  with  apparently 
good  results.  The  sweetwort  used  by  Cook,  however,  was  a  preparation  of 
germinating  grain  rather  than  one  which  had  undergone  to  any  marked 
extent  alcoholic  fermentation.  Harden  and  Zilva  by  means  of  experiments 
upon  guinea  pigs  and  monkej^s  have  shown  that  beer,  as  commercially  pre- 
pared and  bought  upon  the  market,  is  without  either  antineuritic  or  anti- 
scorbutic potency.  Beverages  which  have  undergone  acetous  fermentation 
have  no  value  as  antiscorbutics.  It  is  true  that  vinegar  was  at  one  time 
recommended  and  occasionally  even  in  recent  books  one  finds  an  approval  of 
it,  but  this  has  not  been  justified  either  by  practical  experience  or  scientific 
demonstration.  It  has  been  stated  by  Dyke  that  scurvy  appeared  during 
the  World  War  in  a  Kaffir  labor  battalion  in  France.  In  their  homes  these 
people  were  given  to  the  daily  consumption  of  large  quantities  of  a  beer 
made  from  freshly  germinated  grain  and  had  been  free  from  this  disease. 
The  French,  with  the  intention  of  cheeking  the  disease,  prepared  a  beverage 
for  the  people  but  neglected  to  germinate  the  grain.  The  result  was  that 
the  scurvy  was  neither  prevented  nor  abated.    Budd  states : 

"Spruce  beer  seems  to  be  the  most  efficacious  of  fermented  liciuors.  We  have 
abundant  proof  in  tlie  experience  of  the  North  American  colonies,  and  of  the  countries 
bordering  on  the  Baltic,  that  it  is  not  only  an  effectual  preventive,  but  an  excellent 
remedy.  It  has  this  advantage,  that  materials  for  it  can  often  be  procured,  at  all 
seasons,  in  countries  in  high  latitudes^  where  the  scarcity  of  fruits  and  vegetables 
renders  a  powerful  antiscorbutic  extremely  valuable." 

At  one  time  (about  1780)  crude  molasses  had  a  reputation  in  the  British 
Navy  as  an  antiscorbutic.  It  is  possible  that  the  molasses  of  that  time  con- 
tained fermenting  substances  which  are  not  likely  to  be  present  in  appre- 
ciable amount  in  this  food  as  now  made.  It  has  long  been  acknowledged 
that  the  antiscorbutic  properties  of  sugar  cane  are  greater  than  those  of 
molasses  and  that  they  are  much  impaired  by  the  processes  used  in  the 
manufacture  of  sugar.  Distilled  liquors  have  been  uniformly  condemned 
from  the  earliest  to  the  latest  writers  upon  this  subject.  In  1781  Blane 
presented  a  memorial  to  the  Board  of  Admiralty,  recommending  the  sub- 
stitution of  wine  for  rum  in  the  daily  ration  of  seamen.  Lind  spoke  in  no 
uncertain  terms  in  his  condemnation  of  distilled  liquors. 

There  can  be  no  doubt  that  fresh,  raw  milk,  human  or  bovine,  has  anti- 
scorbutic properties  sufficient  to  protect  the  infant  from  scurvy  during 
the  first  months  of  its  life.  Both  experience  and  scientific  experiment  have, 
however,  shown  that  the  antiscorbutic  properties  of  milk  are  not,  great  and 
that  they  are  material!}'  impaired  on  standing,  and  especially  by  heating. 
During  the  last  20  years  of  the  nineteenth  century,  sterilized  milk  was  used 
almost  universally  in  this  country  in  the  artificial  feeding  of  infants.    The 
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result  was  that  nearly  every  physician  who  had  many  infants  under  his 
charge  saw  eases  of  scurvy.  This  led  to  the  substitution  of  pasteurization 
for  sterilization.  Within  recent  years  much  attention  has  been  given  to 
the  effects  of  both  of  these  processes  upon  the  antiscorbutic  properties  of 
milk.  It  was  shown  by  Froelich  and  Funk,  independently,  that  guinea 
pigs  are  protected  from  the  development  of  scurvy  if  50  c.c.  or  more  of 
fresh,  unheated  milk  are  added  each  day  to  the  scurvy  diet.  Chick  and 
her  assistants  showed  that  if  the  amount  of  milk  is  less  than  50  c.c.  the 
animals  develop  the  disease  quite  as  promptly  as  do  those  who  have  had  no 
milk.  When  the  amount  added  is  from  50  to  100  c.c.  there  is  less  scurvy, 
and  with  amounts  of  from  100  to  150  c.c,  there  is  no  scurvy.  The  con- 
clusion from  this  is  that  the  antiscorbutic  potency  of  milk  is  not  great  and 
that  adults  can  hardly  take  enough  milk  in  their  daily  food  to  prevent 
the  development  of  this  disease.  Hess,  who  has  had  large  experience  in 
the  treatment  of  infantile  scurvy,  writes  as  follows: 

'"There  is  no  question  but  that  breast-milk  and  raw  cow's  milk  furnish  sufficient 
antiscorbutic  vitamin,  but  there  is  a  difference  of  opinion  as  to  whether  pasteurized 
milk,  or  milk  that  has  been  brought  just  to  the  boiling  point,  or  even  sterilized  milk, 
is  adequate  in  this  respect.  Much  of  this  divergence  of  opinion  is  due  to  the  fact 
that  the  various  clinicians  have  not  considered  or  stated  the  quantity  of  milk  which 
they  have  found  sufficient  to  protect,  and  also  because  milk  itself  differs  in  its  anti- 
scorbutic value  according  to  its  freshness  and  probably  also  according  to  the  fodder 
of  the,  cows.  Without  entering  once  more  into  a  discussion  of  this  question,  it  may 
be  stated  that  unless  the  cow's  milk  is  raw,  the  infant  should  receive  additional  anti- 
scorbutic foodstuff.  Moreover,  this  supplement  to  the  dietary  should  be  made  as 
soon  as  possible,  so  as  not  to  allow  the  vitamin  deficiency  and  inadequate  diet  to 
exist  for  even  a  short  period.  In  our  experience  there  is  no  contraindication  to 
the  giving  of  orange  juice  or  of  strained  canned  tomato,  the  two  antiscorbutics  with 
which  we  have  had  a  large  experience,  to  babies  one  month  of  age  or  even  younger. 
The  common  practice,  however,  is  to  wait  until  the  infant  is  five  or  six  months  of 
age,  which  certainly  must  allow  a  rudimentary  scorbutic  condition  to  develop.  At 
the  age  of  a  month  one  teaspoonful  of  orange  juice  may  be  given;  it  should  be 
diluted  with  water  and  sugar  added  if  it  is  tart.  This  may  be  administered  not- 
withstanding the  fact  that  a  baby  has  a  tendency  to  looseness  of  the  bowels,  as 
orange  juice,  as  recently  pointed  out  by  Gerstenberger,  has  practically  no  laxative 
action.  Occasionally  babies  regurgitate  orange  juice,  but  the  reaction  usually 
ceases  after  a  day  or  two.  If  it  does  not,  a  small  amount  of  alkali — ^for  example, 
limewater  or  sodium  bicarbonate — ^may  be  added  just  previous  to  feeding;  in  this 
state  the  juice  will  be  better  tolerated.  The  amount  of  orange  juice  should  be  in- 
creased so  that  when  the  baby  is  three  months  of  age  it  receives  one  tablespoonful. ' ' 

It  has  not  been  fully  determined  whether  milk  dried  by  the  new  process 
of  spraying  into  a  vacuum  retains  its  antiscorbutic  potency  or  not.  Hess 
is  inclined  to  think  it  does,  and  says : 

"The  fact  that  milk,  in  spite  of  drying,  retains  this  labile  vitamin  for  so  long  a 
period,  demonstrates  that  it  is  available  in  the  most  remote  parts  of  the  Avorld,  and 
that  the  possibilities  of  its  transportation  are  unlimited. ' ' 
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There  is  still  opportunity  for  diverse  opinion  concerning  the  antiscor- 
butic potency  of  fresh  meat.    Writing  in  1842  Budd  stated : 

' '  The  opiuiou  that  scurvy  can  be  prevented,  or  cured  by  fresh  meat,  is,  however, 
still  held  by  persons,  by  whom  it  is  of  the  utmost  importance  that  correct  notions 
on  this  subject  should  be  entertained.  We  have  known  the  most  fatal  effects  result 
from  the  erroneous  opinions  of  captains  of  merchant  vessels  on  this  point.  During 
the  course  of  the  present  year,  the  captain  of  a  vessel  trading  to  the  Mauritius 
furnished  his  men  while  they  stayed  at  the  Island,  with  a  plentiful  supply  Of  fresh 
beef,  which,  being  imported  from  Madagascar,  is  i^rocured  at  considerable  expense; 
but  neglected  to  provide  them  with  vegetables  or  limes,  which  abound  in  the  Island, 
and  are  sold  at  a  price  scarcely  worth  naming.  The  consequence  was  that  scurvy 
broke  out  soon  after  they  set  sail;  and  before  the  ship  arrived  in  this  country,  one- 
half  the  men  before  the  mast  had  died  of  it,  and  the  rest  were  totally  disabled." 

On  the  other  hand,  Stef ansson  and  his  men  lived  free  from  scurvy  in  the 
Arctic  regions  and  fed  exclusively  upon  the  meat  of  seals  and  Polar  bears. 
It  will  be  easily  understood  that  many  kinds  of  meat  go  under  the  designa- 
tion of  fresh.  Meat  imported  from  Madagascar  into  Mauritius  was  prob- 
ably called  fresh  because  it  was  not  salted  or  dried.  Its  freshness,  however, 
must  differ  in  degree  materially  from  that,  of  the  animals  which  Stef  ansson 
and  his  companions  killed  on  the  ice  fields  and  immediately  consumed. 
There  seems  to  be  no  doubt  that  man  can  live  and  retain  his  health  upon 
an  exclusively  meat  diet,  provided  he  gets  it  immediately  after  the  death 
of  the  animal  and  consumes  it  in  large  quantity. 

So  far  as  experience  and  experiments  have  gone,  what  is  said  of  the 
antiscorbutic  value  of  meat  applies  to  that  of  eggs.  Hard  boiled  eggs  are 
practically  without  antiscorbutic  value,  and  even  raw  eggs  added  to  the 
dietary  are  not  sufficient  to  cure  scurvy. 

Infantile  Scurvy. — It  has  long  been  recognized  that  scurvy  may  oc- 
cur at  any  age.  As  long  ago  as  1778,  Mertans,  reporting  on  this  disease 
as  he  observed  it  in  the  Foundling  Hospital  at  Moscow,  stated  that  it  ap- 
peared there  every  spring  among  the  children  and  that  in  one  year  hehad 
seen  as  many  as  60  afflicted  with  this  disease. 

In  1883  Barlow  collected  a  number  of  cases,  some  from  his  own  practice, 
others  from  reports  made  by  his  colleagues,  and  still  others  from  the  litera- 
ture, generally  reported  as  acute  rickets.  From  a  study  of  these.  Barlow 
concluded  that  the  basic  disease  in  these  cases  was  scurvy,  which  appeared 
sometimes  in  conjunction  with  rickets  and  at  other  times  quite  inde- 
pendently of  this  disease.  Barlow's  contention  that  these  cases  were 
actually  scurvy  was  based  upon  the  demonstration  of  the  presence  of  sub- 
periosteal hemorrhage,  especially  at  the  lower  end  of  the  femur,  with  or 
without  sponginess  of  the  gums,  and  upon  the  fact  that  these  cases  promptly 
recovered  on  an  antiscorbutic  diet.  It  is  pro'per  to  note  here  that  Barlow 
gives  credit  to  Cheadle  for  the  earlier  recognition  of  similar  cases  of  scurvy. 
He  says: 
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''Cheadle  insisted  that  the  obscure  symptoms  referable  to  the  bones  and  the 
cachexia  were  not  explicable  by  either  rickets  or  congenital  syphilis.  But  in  1878 
three  cases  were  fully  described  by  Cheadle  in  which  definite  sponginess  of  the  gums 
occurred  and  likewise  obscure  symptoms  referred  to  the  lower  limbs.  These  cases 
he  claimed  on  clinical  grounds  to  be  true  scurvy.  In  1879  and  in  1882  Cheadle 
published  further  examples  and  he  suggested  that  the  disease  could  be  grafted  on 
rickety  stock.  iCheadle's  papers  laid  down  the  original  lines  of  the  true  interpreta- 
tion of  the  disease  which  we  have  to  consider,  and  I  do  not  think  that  anything 
has  invalidated  the  soundness  of  his  conclusions. ' ' 

Notwithstanding  Barlow's  full  recognition  of  Cheadle 's  priority  in  the 
correct  interpretation  of  these  cases,  infantile  scurvy  has  come  to  be  known, 
especially  in  Germany,  as  Barlow's  disease.  In  1894  Barlow  wrote  more 
fully  concerning  infantile  scurvy,  and  in  this  contribution  he  states  that 
the  condition  of  the  gums  depends  largely  upon  whether  or  not  teeth  have 
appeared.     He  says: 

"If  several  teeth  have  appeared,  considerable  sponginess  of  the  gums  may  be 
manifest.  Fleshy  swellings  form,  which  even  project  from  the  mouth  and  give  rise 
to  bleeding  and  fetor.  But  if  only  a  few  teeth  have  appeared  the  sponginess  may 
be  slight  though  definite,  forming  a  narrow,  fleshy  ridge  round  each  tooth.  If  no 
teeth  have  appeared  the  gums  may  be  normal  or  may  present  small,  bluish  extrav- 
asations over  the  sites  of  the  oncoming  teeth. " 

In  his  second  communication  Barlow  held  that  at  that  time  (1894)  in- 
fantile scurvy  was  increasing  in  England  and  was  more  frequently  seen 
among  the  rich  than  among  the  poor.  This  he  attributed  (1)  to  the  in- 
creasing difficulty  to  get  fashionable  mothers  to  suckle  their  infants;  (2) 
to  the  frequent  use  of  proprietary  foods  among  the  rich;  (3)  to  the  fact 
that  the  poor  give  their  children  a  mixed  diet  at  a  much  earlier  period  than 
do  the  rich.  While  Barlow  recognized  the  frequency  with  which  infantile 
scurvy  was  due  at  that  time  to  the  employment  of  proprietary  foods,  he 
also  expressed  the  opinion  that  many  cases  were  due  to  condensed  and  to 
heated  milk. 

In  1892  Northrup  reported  11  cases  of  scurvy  in  infants  and  in  1898  a 
committee  of  the  American  Pediatric  Society  made  a  collective  investiga- 
tion and  report  upon  this  disease  in  this  country.  The  members  of  this 
Committee  were  of  divided  opinion.  The  majority  reached  the  following 
conclusions : 

''  (1)  That  the  development  of  the  disease  follows  in  each  case  the  prolonged  employ- 
ment of  some  diet  unsuitable  to  the  individual  child,  and  that  often  a  change  of 
diet  which  at  first  thought  would  seem  to  be  unsuitable  may  be  followed  by  prompt 
recovery.  (2)  That  in  spite  of  this  fact  regarding  individual  cases,  the  combined 
report  of  collected  cases  makes  it  probable  that  in  these  there  were  certain  forms  of 
diet  which  were  particularly  prone  to  be  followed  by  the  development  of  scurvy. 
First  in  point  of  numbers  here  are  to  be  mentioned  the  various  proprietary  foods. 
(3)  In  fine,  that  in  general  the  cases  reported  seem  to  indicate  that  the  farther  a 
food  is  removed  in  character  from  the  natural  food  of  a  child  the  more  likely  its^ 
use  is  to  be  followed  by  the    development  of  scurvy. ' ' 
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The  minority  report  concluded  as  follows : 

"  (1)  From  a  study  of  this  report  and  from  due  consideration  of  other  kuowii  facts, 
scurvy  appears  to  be  a  chronic  ptomain  poisoning  due  to  the  absorption  of  toxins. 
(2)  It  follows  the  prolonged  use  of  improper  food  and  abnormal  intestinal  fermenta- 
tion is  a  predisposing  factor.  (3)  Sterilizing,  pasteurizing,  or  cooking  of  milk  food 
is  not  joer  se  responsible  for  the  scurvy  condition.  (4)  A  change  of  food  and  the 
administration  of  fruit  juice  and  treatment  of  any  underlying  cause  is  the  rational 
therapeutic  procedure  in  scurvy." 

It  is  generally  stated  by  pediatricians  that  infantile  scurvy  is  most  com- 
mon during  the  second  six  months  of  life.  Barlow  states  that  the  physician 
should  be  especially  on  the  lookout  for  this  disease  about  the  eighth  month 
and  that  it  occurs  most  frequently  between  this  and  the  eighteenth  month. 
Crandall  finds  in  the  literature  one  case  in  which  the  disease  was  recog- 
nized during  the  fourth  week  of  life ;  another,  one  and  one-half  months  old ; 
three,  two  months,  and  seven  under  four  months.  There  are  cases  reported 
in  which  the  child  has  taken  its  food  exclusively  from  the  breast,  but  in 
most  of  these  the  mother 's  health  was  not  good,  wiiile  in  some  the  statement 
that  the  child  was  exclusively  breast-fed  is  questioned.  A  wet  nurse  was 
nursing  her  own  child  with  another  when  the  foster  child  became  scorbutic 
while  her  own  remained  healthy.  Crandall  says  the  inference  to  be  drawn 
in  this  case  is  clear. 

Experimental  Scurvy. — In  1895  Smith  (Theobald)  reported  that  when 
guinea  pigs  are  fed  on  bran  and  oats  without  grass  or  other  succulent 
vegetable  substances,  they  manifest  subcutaneous  extravasations  of  blood 
and  die  within  from  four  to  eight  weeks.  In  1903  BoUe  found  that  guinea 
pigs  fed  exclusively  on  milk,  raw  or  sterilized,  die  after  a  short  time  and 
show  at  autopsy  unusual  fragility  of  the  bones.  He  accordingly  claimed 
that  these  animals  died  of  scurvy,  but  his  demonstration  was  not  alto- 
gether convincing.  In  1905  Bartenstein  repeated  these  experiments  and 
show^ed  that  the  bones  become  fragile,  are  easily  broken  and  subject  to 
spontaneous  fracture.  This  demonstration  was  also  regarded  as  insufficient 
to  justify  the  claim  that  these  animals  had  scurvy.  The  first  convincing 
experimental  work  along  tliis  line  was  carried  out  by  Hoist  and  Froelich 
in  1907,  from  which  time  the  experimental  development  of  this  disease  in 
these  animals  has  been  admitted  and,  as  we  have  already  seen,  a  standard 
scurvy  diet  has  been  employed  in  determining  the  relative  values  of  anti- 
scorbutic foods.  The  symptoms  and  lesions  of  this  disease  in  the  guinea 
pig  are  quite  similar  to  those  in  man,  although  hemorrhage  in  the  gmm 
is  not  common.  Subperiosteal  hemorrhages  do  occur  and  separation  of  the 
epiphyses  may  result.  The  cecum  is  often  distended  with  accumulated 
food,  but  this  varies  with  changes  in  diet.  It  is,  however,  so  marked  that 
some  are  inclined  to  ascribe  the  development  of  the  disease  in  these  animals 
wholly  to  arrest  of  the  food  in  this  portion  of  the  intestine  and  the  absorp- 
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tioii  of  bacteria  or  bacterial  products  tlirougli  the  thin  walls  of  the  ali- 
mentary canal. 

Hess  and  linger  say : 

"All  diets  leading  to  scun-y  in  the  guinea  pig  produce  scurvy  in  man;  all  anti- 
scorbutics are  potent  for  both  species;  all  signs  and  symptoms  of  the  disease  are 
common  in  some  degree  to  both  guinea  pig  and  man.  There  is,  however,  one  im- 
portant difference,  namely,  that  in  man  the  disorder  is  a  slovr,  markedly  subacute 
process,  whereas  in  the  guinea  pig  it  is  almost  an  acute  disease.  This  does  not  mean 
that  this  animal  is  not  suitable  for  the  study  of  scurvy,  but  merely  that  it  is  a 
hypersensitive  reagent,  and  therefore  not  well  adapted  for  even  quantitative  experi- 
ments. ' ' 

The  monkey  is  the  only  other  experimental  animal  in  which  lesions 
closely  similar  to  those  in  man  occur  when  this  animal  is  confined  to  a 
scurvy  diet.  The  animal  becomes  apathetic  and  one  of  the  first  signs  is 
hemorrhage  in  the  gums.  Subperiosteal  hemorrhages,  forming  large  effu- 
sions, develop  in  various  parts  of  the  body,  especially  cranial  bones, 
scapula,  and  maxilla.  Hemorrhage  behind  the  eye,  leading  to  exophthal- 
mos, very  infrequently  seen  in  man,  may  develop  in  the  monkey.  Both  in 
the  monkey  and  in  the  guinea  pig  the  beaded  condition  of  the  ribs,  fre- 
quently seen  in  infantile  scurvy,  is  common. 

McCoUum  holds  that  the  susceptibility  of  the  guinea  pig  is  to  be  found  in 
the  peculiar  conformation  of  its  digestive  tract,  and  if  we  read  him  cor- 
rectly, he  thinks  that  intestinal  stasis  and  renal  elimination  are  concerned 
with  the  production  of  this  disease  in  man.    In  1918  he  wrote  as  follows: 

"Scurvy  in  the  long  sailing  voyages  of  the  past- was  probably  the  result,  first,  of 
the  poor  quality  of  the  food  (biscuits  and  stale  meat),  which  did  not  form  an  ade- 
quate diet  and  caused  depletion  of  the  vitality  of  the  sailors.  Constipation  and 
perhaps  also,  as  Hess  suggested  from  his  observations  on  infants,  failure  to  urinate 
sufS.ciently  formed  the  preliminary  conditions  which  permitted  the  development  of 
the  bacterial  flora  which  finally  brought  on  an  attack  of  the  disease.  Fresh  vege- 
table and  fruit  juices  relieved  the  condition  for  three  reasons:  first,  they  did  much 
to  render  the  diet  complete  from  the  physiologic  standpoint,  which  alone  would 
greatly  promote  recovery;  second,  they  were  good  correctives  for  the  faulty  elimi- 
nation, because  of  their  bulk  and  water-holding  capacity  of  their  indigestible 
residues;  and  third,  especially  in  the  fruit  juices,  the  diuretic  property  would  cause 
a  thorough  washing  out  of  the  tissues.  A  diet  of  wheat  biscuits  and  meat  is  in- 
adequate with  respect  to  two  chemical  factors;  its  organic  content  is  entirely 
inadequate,  and  it  is  lacking  in  the  factor,  fat-soluble  A.  What  there  is  of  indi- 
gestible residue  consists  mainly  of  protein  residues,  which  would  favor  the  develop- 
ment of  a  pernicious  flora  in  the  intestine.  Such  a  tentative  explanation  as  that 
just  offered  harmonizes  well  with  the  experimental  facts.  The  most  convincing 
evidence  of  the  gleneral  correctness  of  tliis  view  of  etiology  of  scurvy  lies  in 
its  experimental  production  with  diets  which  are  known  to  be  complete  chemically, 
and  which  nourish  well  certain  species  of  mammals  that  do  not  suffer  from  special 
anatomic  disabilities,  because  of  the  peculiar  form  of  the  digestive  tract.  The 
relief  of  the  disease  by  several  means,  none  of  which  can  possibly  be  interpreted  as 
supplying    a    hypothetical    curative    substance,     an    '^antiscorbutic    substance,'    which 
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would  be  considered  as  analogous  to  those  which  are  concerned  with  the  relief  of 
beriberi  and  xerophthalmia,  eliminates  this  from  the  list  of  so  called  'deficiency' 
diseases. ' ' 

Cohen  and  Mendel,  as  a  result  of  experiments  upon  guinea  pigs,  combat 
the  theory  of  McCoUum  and  find  that  constipation,  while  it  may  aggravate 
the  symptoms,  is  not  an  essential  condition  for  the  development  of  scurvy. 
They  point  to  the  work  of  Hess,  who  showed  that  the  daily  addition  of 
mineral  oil  as  a  laxative  to  a  scurvy  producing  diet,  is  not  sufficient  to 
protect  or  cure,  while  the  production  of  marked  constipation  by  the  ad- 
ministration of  morphin  does  not  induce  scurvy.  Moreover,  Hess  has  cured 
scurvy  by  the  intravenous  injections  of  orange  juice.  This  they  claim 
could  not  relieve  constipation  or  in  any  way  affect  intestinal  complications. 

McCarrison  has  found  that  in  guinea  pigs  kept  on  a  scorbutic  diet  there 
is  an  increase  in  size  and  weight  of  the  adrenal  glands,  a  marked  diminu- 
tion in  the  adrenalin  content  of  these  organs,  a  hemorrhagic  infiltration  of 
these  glands,  usually  circumscribed  and  located  about  the  periphery  of 
the  cortex,  and  finally  degenerative  changes  in  the  cells  of  the  cortex  and 
medulla.  The  same  investigator,  studying  the  intestinal  canal  of  guinea 
pigs  and  pigeons  kept  on  a  scorbutic  diet,  finds  that  in  these  animals  there 
result  congestive  and  atrophic  changes  in  the  coats  of  the  bowel,  lesions  of 
the  neuromuscular  mechanism,  impairment  of  digestive  and  assimilative 
functions  and  failure  of  protective  action  against  infection.  He  thinks  that 
similar  gastrointestinal  changes  may  occur  in  man,  but  of  these,  so  far  as 
we  know,  there  has  been  no  positive  demonstration. 
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CHAPTER  IV 

BERIBERI 

ENDEMIC  POLYNEURITIS.    EPIDEMIC  DROPSY 

Description. — There  have  been  many  diverse  statements  concerning  the 
etymology  of  the  word  beriberi.  Bontius,  an  early  student  of  this  dis- 
ease in  Java,  says  that  the  word  is  derived  from  ''bharyee,"  meaning 
sheep,  and  implies  that  the  individual  suffering  from  this  disease  walks 
like  a  sheep.  Marshall  thinks  the  word  of  Sinhalese  origin  and  means 
"feeble  gait."  Herklots  thinks  it  originates  from  the  Hindustani  word 
"bharbari,"  meaning  swelling  and  referring  to  the  edematous  condition 
of  the  feet  and  ankles.  Castellani  and  Chalmers  give  a  more  interesting 
derivation  from  the  Sinhalese  term  meaning  ''cannot"  and  implying  that 
the  person  is  too  ill  to  work.  In  Japan  the  disease  was  long  known 
under  the  name  ''kak-ke,"  a  Avord  of  Chinese  origin  and  said  to  mean 
"disease  in  the  legs." 

It  is  noAv  generally  believed  that  the  essential  involvement  in  this  dis- 
ease lies  in  the  peripheral  nerves,  causing  disorders  of  movement  and 
sensation,  and  in  some  instances  leading  to  edematous  accumulations, 
most  frequent!}^  observed  in  the  lower  extremities,  though  they  may 
occur  in  other  parts  of  the  body.  It  is  said  to  be  either  acute  or  chronic, 
although  in  reality  what  is  known  as  acute  beriberi  is,  for  the  most  part 
at  least,  an  exacerbation  of  the  chronic  form.  This  is  the  opinion  of  most 
of  those  who  have  had  the  greatest  opportunity  to  study  the  disease, 
though  there  are  some  who  believe  that  beriberi  may  be  acute  from 
the  first,  manifesting  itself  in  violent  vomiting,  accompanied  by  marked 
cyanosis  and  dyspnea,  and  causing  death  in  a  few  days  from  failure  of 
respiration.  It  is  customary  to  speak  of  a  paralytic,  a  dropsical,  and  a 
mixed  form,  according  to  the  absence,  early  or  late  appearance,  of 
dropsy.  The  disease  usually  develops  by  sIoav  stages,  indicated  by  las- 
situde, indifference  to  surroundings,  and  inability  to  work.  With  the 
development  of  the  paralj-tic  form,  there  is  a  slow,  increasing  difficulty 
in  walking,  with  the  gradual  development  of  marked  paralysis.  Less 
frequently,  this  paralysis  involves  the  upper  extremities  as  well,  and  in 
extreme  instances  the  patient  may  be  reduced  to  a  perfectly  helpless 
condition,  being  unable  to  walk  or  even  to  feed  himself.  These  motor 
disorders  are  in  many  cases  accompanied  by  perversions  in  sensation, 
manifesting  themselves  in  burnings  of  the  feet,  tenderness  on  pressure, 
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and  creeping  sensations,  especially  in  the  limbs.  As  the  disease  pro- 
gresses, the  sensory  disorders  take  the  form  of  anesthesia,  with  more  or 
less  complete  loss  of  sensation  on  the  application  of  heat,  cold,  or  pres- 
sure. The  anesthetic  manifestations  are  most  common  in  the  lower 
extremities,  though  they  may  extend  to  the  upper.  The  evolution  of 
these  nervous  disorders  is  accompanied  by  a  constantly  developing  ane- 
mia, with  palpitation  and  dyspnea.  Anemic  murmurs  are  heard  on 
auscultation,  and  percussion  reveals  increasing  areas  of  dullness  due  to 
dilatation  of  the  heart  or  the  accumulation  of  fluid  in  the  pericardium. 
The  pulse  becomes  small,  compressible,  and  variable  in  time. 

In  other  cases,  edema  is  one  of  the  earliest  manifestations,  usually 
beginning  in  the  ankles  and  gradually  extending  upwards  and  finally 
leading  to  accumulations  in  all  the  serous  cavities. 

After  death  from  the  chronic  form,  the  body  may  be  found  either 
shrunken,  much  emaciated,  with  the  skin  dry,  or  swollen  and  dropsical 
with  edematous  accumulations  under  the  skin,  especially  over  the  lower 
extremities,  possibly  over  the  upper  as  well,  and,  more  rarely  still,  over 
the  trunk.  The  right  side  of  the  heart  is  almost  invariably  hyper- 
trophied  and  the  myocardium  shows  fatty  degenerations,  sometimes  to 
so  marked  an  extent  that  the  muscle  striation  has  disappeared.  Wright 
found  that  the  nervous  system  of  the  heart  often  shows  widespread  de- 
generative changes,  although  in  chronic  cases  the  degenerative  altera- 
tions may  be  confined  to  the  vagi;  The  degenerative  processes  in  the 
peripheral  nerves  vary  widely;  in  fact,  both  the  axon  and  medullary 
sheath  may  have  disappeared  and  the  nerve  fibers  are  lost  in  the  con- 
nective tissue  of  the  endoneurium ;  indeed,  it  maj^  be  found  that  the 
nerve  is  represented  almost  wholly  by  connective  tissue.  These  altera- 
tions in  the  peripheral  nerves  are  due  to  processes  which  have  been  long 
operative  and,  naturally,  the  degree  of  degeneration  is  determined  by 
the  intensity  of  the  j)rocess  and  the  time  of  its  continuance.  In  less 
chronic  cases,  the  peripheral  nerves  may  appear  quite  normal,  but  upon 
microscopic  examination  they  will  be  found  to  be  hemorrhagic,  with  the 
most  marked  changes  in  the  muscular  branches  in  the  limbs. 

In  more  acute  cases,  it  is  not  infrequent  to  find  congestion  in  certain 
portions  of  the  mucous  membrane  of  the  alimentary  canal,  especially  in 
the  esophagus,  stomach,  and  duodenum,  where  hemorrhagic  extravasa- 
tions may  appear.  In  these  cases,  the  lymphatic  glands  in  the  region  of 
the  stomach  and  duodenum  are  frequently  congested  and  enlarged.  A 
like  condition  is  found  in  the  liver,  which  more  rarely  shows  a  nutmeg- 
like condition,  with  hemorrhagic  patches  scattered  throughout  the  organ. 
Fatty  degeneration  of  the  liver  cells,  with  occasional  evidences  of  necro- 
sis, mav  be  found. 
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Braddon  condenses  Manson's  definition   of  beriberi  as  follows: 

"A  form  of  peripheral  neuritis,  whicli  occurs  endeniieally  and  epidemically,  and 
is  especially  characterized  by  proneness  to  edema  and  to  implication  of  the  neuro- 
muscular system  of  the  central  organ  of  circulation;  by  complete  absence  of  trojphic 
skin  lesions,  of  paresis  of  the  muscles  of  the  head  and  neck,  of  marked  implication 
of  the  organs  of  sight,  hearing,  taste,  and  sm.ell,  and  of  the  mental  faculties;  there 
are  troubles  of  locomotion,  paresthesias  of  various  descriptions,  especially  in  the 
lower  extremities;  marked  hyperesthesia  of  the  muscles  involved,  and  subsequent 
atrophy. " 

Pekelharing  and  Winkler  describe  the  initial  phase  of  this  disease  as 
follows : 

' '  Slight  edema  along  the  crest  of  the  tibia ;  a  puffy,  pasty,  face ;  difficulty  in  certain 
movements,  observable  only  at  first  when  the  patient  walks  quickly  or  endeavors 
to  go  upstairs;  some  paresthesia  or  anesthesia  of  the  lower  extremities;  palpitation 
of  the  heart,  a  slightly  quickened  pulse,  or,  rather  a  pulse  which  remains  within 
normal  limits  while  the  patient  is  at  rest,  but  which  upon  the  least  exertion  goes 
up  to  90  or  100  beats  per  minute;  a  marked  contrast  between  the  violent  beats  of 
the  heart  and  the  small  and  feeble  pulse;  a  prolonged  first  and  reduplicated  second 
sound  of  the  heart.  These  form  a  complete  summary  of  knowledge  of  the  symp- 
toms of  beriberi  in  the  early  stage." 

History.— It  has  been  suggested  that  the  first  notice  of  beriberi  is  to 
be  found  in  the  description  of  a  disease  which  appeared  among  Koman 
soldiers  in  Arabia  in  24  B.C.,  given  by  Strabo  and  Dio  Cassius.  "We 
think  it  highly  improbable  that  this  disease  was  identical  with,  or  had 
any  relation  to,  beriberi,  which,  so  far  as  we  can  ascertain,  was  never 
known  in  Arabia  or  among  Roman  soldiers  in  any  part  of  the  world. 
It  is  true  that  within  very  recent  years  a  few  cases  have  been  reported 
under  this  name  at  Aden,  but  there  is  no  record  that  beriberi  or  any- 
thing like  it  has  ever  been  known  in  the  interior  of  Arabia.  According 
to  Scheube,  Chinese  scholars  find  the  word  ''kak-ke"  in  their  writings 
as  far  back  as  200  B.C.,  and  from  that  time  on  descriptions  of  this  dis- 
ease have  appeared  in  Chinese  literature.  The  earliest  record  of  the 
disease  in  the  annals  of  Japan  was  made  in  the  ninth  century. 

Ni,  a  present  day  Chinese  writer  on  beriberi,  at  our  request  has  fur- 
nished us  with  the  following  statement:  ''Che-Zee"  is  the  term  given  to 
a  disease  resembling  the  wet  form  of  beriberi  in  an  old  Chinese  medical 
book,  ''Soo-Van,"  said  to  have  been  written  about  2500  B.C.  Since  the 
Don  Dynasty  the  term  ''Char-Chee"  has  been  used  in  Chinese  literature. 
The  word  "char"  means  foot,  while  "chee"  means  gas  or  something 
which  is  highly  labile.  In  older  Chinese  literature  it  is  said  that  there 
are  two  varieties  of  chee,  "inm"  (negative  or  cathodic)  and  ''yarnn" 
(positive  or  anodic) .  It  was  believed  that  in  the-  healthy  body  there  is  a 
properly  balanced  antagonistic  and  cooperative  function  between  inm 
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and  yarnii.  It  was  believed  that  beiiberi  is  due  to  an  unbalanced  antag- 
onism of  eliee  in  the  circulation,  starting  up  symptoms  in  the  char  (foot). 
The  Western  World  knew  nothing  of  this  disease  until  the  Dutch 
began  their  commerce  with  the  East  Indies.  Bontius  (1759)  was  the  first 
European  physician  to  study  and  describe  this  disease.  A  few  years 
later  Tulpius  made  a  report  of  his  observations  upon  a  patient  Avith  this 
disease  who  had  acquired  it  in  the  East  Indies  but  had  returned  to  Hol- 
land. There  are  reports  made  by  Paxmann,  Lind,  and  Fontana,  but  we 
have  not  been  able  to  obtain  copies.  The  oldest  extensive  treatise  on 
beriberi  which  we  have  studied  is  a  prize  essay  on  the  history  and  treat- 
ment of  this  disease  written  by  Malcolmson,  of  the  East  Indian  Medical 
Service,  published  in  1835.  This  author  observed  beriberi,  especially 
among  native  regiments,  both  Hindoos  and  Mussulmen.  He  found  more 
cases  among  the  latter,  but  for  this  difference  he  was  apparently  unable 
to  suggest  any  satisfactory  explanation.  It  was  observed  at  that  time 
that  the  disease  was  more  prevalent  along  the  coast  than  in  the  interior, 
and  quite  naturally  it  was  suggested  that  the  eating  of  fish  had  some 
causal  relation  to  it.    Malcolmson  wrote: 

"Much  lias  also  been  said  of  the  effects  of  various  kinds  of  food,  and  Dr.  Herklots 
enumerates  a  number  of  articles  whose  use  he  considers  injurious;  but  when  we  re- 
flect that  these  are  standard  aliments  all  over  India,  we  cannot  carry  our  deference 
to  his  experience  so  far,  as  to  admit,  that  they  can  produce  in  these  districts  only, 
so  singular  a  train  of  symptoms.  What  effect  the  extensive  use  of  fish  may  have, 
in  combination  with  other  influences,  I  am  not  prepared  to  say,  but  the  comparative 
cheai^ness  of  all  kinds  of  grain  in  the  Circars,  and  the  easy  circumstances  of  many 
of  the  native  soldiers  who  suffered,  are  fatal  to  any  sui)position  of  the  disease  de- 
pending on  deficient  and  unhealthy  diet. " ' 

Before  the  publication  of  Malcolmson 's  book,  Marshall  and  Wright, 
independently,  had  published  articles  upon  this  disease  in  the  Edhiburgli 
Medical  and  Surgical  Journal.  The  contribution  of  the  former  is  short 
but  explicit  and  shows  that  he  actually  knew  beriberi  and  was  not  con- 
founding it  with  s.ome  other  disease,  as  the  earlier  writers  were  prone 
to  do.     He  wrote: 

"The  leading-  symptoms  of  this  disease  are  numbness,  edema,  sometimes  loss  of  power 
of  the  lower  extremities,  general  anasarca,  dyspnea,  great  uneasiness  at  the  precordia, 
spasms,  feeble  pulse,  livid  countenance,  and  coldness  of  the  extremities. ' ' 

He  stated  that  beriberi  was  exceedingly  prevalent  among  the  various 
classes  of  troops  employed  in  Ceylon  about  the  end  of  the  eighteenth 
century,  but  since  that  time  it  had  become  comparatively^  rare  in  that 
country.  He  found  that  Lascars  or  Indian  seamen  occasionally  devel- 
oped the  disease,  that  it  was  found  on  the  Malabar  Coast  and  on  that 
part  of  the  Coromandel  Coast  Avhich  extends  from  Madras  to  Ganjam, 
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but  that  it  Avas  seldom  observed  more  tnan  40  miles  inland.  He  was  of 
the  opinion  that  the  disease  was  not  found  in  any  other  part  of  the  world. 

Wright  (1834)  discussed  the  disease  more  fully,  but  added  nothing  of 
special  value.  As  to  the  cause,  he  stated  that  the  Hindoo  practitioners 
believed  it  to  be  due  to  some  morbific  substance  with  which  the  water 
and  air  become  impregnated  at  certain  seasons.  There  is  no  evidence, 
although  suspected  by  some,  that  food  had  any  causal  relation  to  the 
disease. 

From  the  first  half  of  the  eighteenth  century,  when  this  disease  first 
came  under  the  observation  of  European  physicians,  down  to  the  pres- 
ent time,  the  area  of  its  prevalence  has  apparently  greatly  extended, 
although  it  is  difficult  to  decide  in  studying  the  disease  in  certain  coun- 
tries whether  it  has  really  existed  there  for  a  short  time  or  its  previous 
existence  was  unrecognized.  The  earlier  accounts  Avould  indicate  that 
this  disease  was  confined  to  the  sea  coast  and  near  the  mouths  of  great 
rivers,  but,  quite  naturally,  these  regions  came  first  under  the  observa- 
tion of  scientific  men  and  it  was  not  until  later  that  explorations  into 
the  interior  enabled  the  recognition  of  its  existence  in  these  parts. 

As  we  have  stated,  the  Avord  indicating  this  disease  is  found  in  Chi- 
nese literature  written  2500  B.C.  We  infer  that  the  disease  existed  at 
that  time.  Within  the  past  100  years  beriberi  has  certainly  decreased  in 
China  and  at  the  present  time  it  is  a  comparatively  rare  disease  in  that 
country;  on  the  other  hand,  beriberi,  old  as  it  is  in  Japan,  has  recently 
apparently  extended  from  the  coast  far  into  the  interior  and  is  also 
found  in  Formosa  and  Sakhalin.  It  has  been  found  as  far  north  in  the 
Japanese  Empire  as  Hakodad  on  the  Yezo  Island.  At  the  time  of  the 
American  occupation  this  disease  was  widely  prevalent  in  the  Philippine 
Islands,  but  within  recent  years  it  has  been  greatly  reduced  by  atten- 
tion to  diet.  The  Dutch  found  it  in  the  East  Indies  and  it  was  in  these 
Islands  that  the  disease  first  came  under  the  observation  and  study  of 
European  physicians.  It  is  only  occasionally  seen  at  Batavia.  In  1841 
there  appears  to  have  been  an  epidemic  involving,  according  to  van 
Leent,  8000  people  at  Passaroeang.  Its  appearance  in  Borneo  is  said  to 
date  from  an  epidemic  on  a  Dutch  ship-of-war  at  Padang  in  1851.  It 
is  said  to  be  quite  frequent  in  northern  Borneo,  where  it  is  more  preva- 
lent on  the  east  than  on  the  west  coast.  Dutch  writers  at  one  time  pro- 
nounced it  a  jungle  disease,  although  it  was  quite  frequent  among  the 
coolies  who  worked  on  the  European  plantations.  There  is  scarcely  any 
doubt  that  beriberi  in  some  localities  in  the  East  Indies  has  been  fre- 
quently confounded  with  dysentery,  hookworm  disease,  and  malaria.  In 
Sumatra  beriberi  has  appeared  from  time  to  time  in  epidemic  form  and 
is  probably  at  all  times  endemic.     During  the  Avar  in  Acheen  the  Dutch 


70  EPIDEMIOLOGY 

troops  suffered  severely  from  beriberi,  and  it  is  reported  as  endemic 
among  the  natives  in  the  Lampong  States.  In  the  neighboring  Island 
of  Banca,  separated  from  Sumatra  by  the  Straits  of  Banca,  with  a  pop- 
ulation of  about  60,000,  beriberi  is  frequently  observed,  especially  in 
the  mining  population.  It  is  reported  that  in  the  Celebes  and  in  the 
Islands  of  the  Molucca  Group,  this  disease  has  greatly  decreased.  Beri- 
beri is  reported  as  endemic  in  New  Guinea.  Up  to  the  present  time  it 
apparently  is  rare  in  Australia,  although  a  few  cases  have  been  reported 
on  the  west  coast  and  on  the  southeast  coast  near  Sydnej^  At  one  time 
it  was  common  throughout  the  Straits  settlements,  though  in  recent  years 
it  has  been  reported  only  from  prisons  and  asylums.  In  India,  beriberi 
was  first  studied  on  that  part  of  the  coast  of  the  Madras  Presidency, 
extending  from  Ganjam  to  Masulipatam,  known  as  the  Circars.  It  was 
in  this  region  that  Malcolmson  made  his  observations.  At  that  time 
beriberi  was  found  only  within  a  few  miles  of  the  coast,  or,  more  prop- 
erly speaking,  it  rapidly  decreased  as  one  passed  from  the  coast  to  the 
interior.  In  Lower  Bengal,  beriberi  became  epidemic  for  the  first  time 
at  Calcutta  in  1879.  Macleod,  at  that  time  health  officer  of  Calcutta, 
made  a  report  upon  this  epidemic.  He  stated  that  it  appeared  in  scat- 
tered houses,  but,  as  a  rule,  several  or  all  the  members  of  a  household 
were  seized,  single  cases  in  a  family  being  exceptional.  The  attacks 
occurred  simultaneously  or  in  rapid  succession,  as  if  due  to  a  common 
cause.  The  death  rate  was  high  and  the  average  duration  of  the  dis- 
ease was  about  two  months.  In  most  instances  death  was  sudden  and 
those  who  recovered  were  left  in  a  greatly  enfeebled  condition.  There 
have  been  sporadic  cases  in  both  German  and  British  East  Africa,  in  the 
Congo  Free  State,  in  Gambia  on  the  west  coast,  and  at  Durban  on  the 
coast  northeast  of  the  Cape  of  Good  Hope.  So  far  as  we  know,  the 
greater  part  of  Africa,  Asia  Minor,  Siberia,  and  the  whole  of  Europe, 
have  remained  free  from  this  disease. 

There  is  some  doubt  as  to  just  when  and  where  beriberi  first  appeared 
in  the  Western  Hemisphere.  It  was  not  until  1866  that  it  was  recognized 
in  Brazil  in  the  province  of  Bahia,  although  some  Brazilian  authorities 
claim  there  had  been  epidemics  of  it  in  their  country  as  early  as  1825. 
Since  its  recognition  in  1866,  investigation  has  shown  that  it  is  widely 
distributed  and  quite  prevalent  over  the  greater  part  of  eastern  Brazil, 
and  eases  have  been  reported  in  that  country  as  far  west  as  the  Andes. 
So  far  as  we  knoAv,  it  has  not  been  observed  west  of  the  Andes  in  South 
America.  It  has  been  seen  in  the  "West  Indies,  especially  in  Cuba,  since 
the  earh^  seventies;  indeed,  in  1873'  an  epidemic,  with  a  fatality  of  from 
60  to  75  per  cent,  was  reported  among  the  negroes  on  two  plantations 
near  Palmira.    It  is  said  to  have  shown  itself  for  the  first  time  in  Cavenne 
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in  1865.  An  epidemic  among  coolies  was  reported  on  this  Island  in  1877. 
Eecfently  it  lias  been  reported  in  Labrador  among  those  who  live  on 
white  flour  and  fish. 

Braddon  thinks  that  the  appearance  of  beriberi  in  Brazil  resulted  from 
the  opening  up  of  the  ports  of  that  country  to  the  trade  of  the  world 
and  was  due  to  the  importation  of  rice.  This  vicAV  is  supported  by  cer- 
tain Brazilian  physicians,  notably  Feris  and  Azevedo,  who  say  that  the 
spread  of  beriberi  in  Brazil  has  been  closely  associated  with  the  greater 
and  more  extensive  use  of  imported  rice  as  a  food. 

During  the  World  War  both  beriberi  and  scurvy  became  quite  serious 
in  the  British  Forces  in  Mesopotamia.  A  special  report  on  beriberi  in 
the  Mesopotamian  Forces  has  been  made  by  Sprawson,  who  concludes 
as  follows: 

"The  disease  called  beriberi  is  a  syndrome  which  may  arise  from  various  causes 
under  different  circumstances.  One  class  of  cases  is  not  due  to  a  food  deficiency; 
but  appears  to  result  from  an  infection.  Other  cases  are  due  to  a  vitamin  deficiency 
in  the  food;  this  takes  a  few  months  to  operate  in  a  previously  healthy  subject  and 
may  be  called  'primary  beriberi.'  In  yet  another  class  the  syndrome  arises  ap- 
parently from  the  effect  of  some  depressing  influence  or  secondary  infection  on  a 
subject  previously  rendered  susceptible  to  the  disease.  These  cases  may  be  con- 
sidered to  have  been  suffering  from  'latent  beriberi.'  In  all  classes  the  clinical 
appearance  is  approximately  the  same,  there  being  differences  only  in  the  relative 
frequency  of  various  manifestations  in  the  three  groups." 

Sprawson  says  that  the  idea  that  beriberi  is  due  to  food  deficiency 
has  been  too  dogmatically  stated.  He  refers  to  the  experiments  of 
McCarrison,  who  claims  to  have  induced  polyneuritis  gallinarum  in  birds 
by  infecting  them  with  Bacillus  suipestifer  while  they  were  fed  an 
abundance  of  mixed  grains.  In  our  opinion,  this  is  not  convincing. 
Every  student  of  this  disease  must  admit  that  grain  need  not  be  polished 
in  order  to  be  deprived  of  its  antiberiberic  constituent.  This  disease  must 
have  existed  before  rice  polishing  came  into  general  use.  It  should  be 
borne  in  mind  that  the  antiberiberic  substance,  whatever  it  may  be,  is 
freely  soluble  in  water  and  it  may  be  washed  out  of  whole  grain  and  in 
this  way,  partially  at  least,  be  removed.  In  reading  Sprawson 's  paper 
we  find  that  whenever  all  the  facts  are  given,  the  disease  can  be  ac- 
counted for  by  a  food  deficiency.  A  ship  with  81  men  on  board,  consisting 
of  Europeans,  Hindoos,  Mohammedans,  and  Goanese,  after  six  months 
developed  17  eases  of  beriberi.  There  were  no  cases  among  the  Euro- 
peans, 21  in  number,  and  none  among  the  Goanese,  12  in  number.  Men 
of  both  these  nationalities  ate  European  rations.  Among  28  Hindoos,  14, 
and  among  20  Mohammedans,  3,  developed  the  disease.  Sprawson  makes 
the  following  statement  concerning  this  outbreak  on  the  ship: 

"The  lower  morbidity  amongst  the  Mohammedans  is  probably  because  ten  days 
previous  to  the  medical  inquiry  the  captain  of  the  ship  read  that  the  disease  was 


72  EPIDEMIOLOGY 

due  to  food  deficiency,  and  then  tried  to  put  the  Indian  crew  on  European  rations. 
The  Hindoos,  however,  refused  to  take  them  and  kept  to  their  former  food.  The 
Mohammedans  had  no  scruples.  Previously  to  that  time  both  Hindoos  and  Mo- 
hammedans had  been  on  the  same  rations.  These  rations  on  examination,  though 
abundant  in  cpiantity,  were  evidently  deficient  in  antiberiberic  vitamins.  The  rice 
was  of  the  polished  or  Rangoon  variety.  The  flour  was  white  (i.  e.,  not  whole  meal)  ; 
it  was  also  weevily.  The  dhal  (a  lentil  with  coat  and  rich  in  antiscorbutics),  which 
might  have  supplied  the  defects  of  the  rice,  was  \eTy  dirty,  containing  many  moth 
eggs  and  maggots.  These  defects  were  remedied  in  various  ways,  and  the  captain 
of  the  ship  wrote  some  months  later  that  he  had  had  no  further  cases  of  beriberi. ' ' 

In  these  instances,  Sprawson  admits  that  the  disease  was  clearly  due 
to  a  food  deficiency.  It  is  true,  according  to  SpraAvson's  report,  that  in 
the  Mesopotamian  Army  there  were  some  cases  diagnosed  as  beriberi 
among  Europeans,  but  he  fails  to  give  an  exact  statement  of  the  quality 
and  quantity  of  the  food  served  these  men.  No  doubt  other  forms  of 
neuritis  have  been  diagnosed  as  beriberi.  It  is  likewise  not  doubtful  that 
Europeans  maj^  have  this  disease  without  eating  polished  rice,  but  before 
we  can  form  any  opinion  as  to  the  influence  of  food  in  these  cases  we 
must  knoAv  more  about  the  correctness  of  the  diagnosis  and  have  greater 
detail  concerning  both  the  quantity  and  quality  of  the  food. 

At  the  siege  of  Kut-el-Amara,  which  lasted  from  December  4,  1915,  to 
April  29,  1916, — 148  daj's — both  beriberi  and  scurvy  developed  among 
the  besieged  troops.  Beriberi  was  practically  confined  to  the  Europeans, 
while  scurvy  appeared  only  among  the  Indians.  The  beriberi  Avas  of 
severe  tj^pe,  of  the  wet  or  dropsical  variety,  with  a  few  acute  cases,  one 
dying  within  thirty-six  hours  and  another  within  three  days  after  admis- 
sion. In  40  ]3er  cent  there  was  abdominal  dropsy;  in  50  per  cent,  pul- 
monary edema;  and  in  10  per  cent,  dropsy  of  the  pericardium,  with 
cardiac  dyspnea;  all  of  the  last  named  cases  died.  The  European  troops 
ate  white  bread  and  horse  flesh,  while  the  Indians  subsisted  almost 
entirely  upon  atta  (a  coarse  wheat  flour,  rich  in  antiberiberic  substances) 
or  barley  flour.     Chick  and  Hume,  after  studying  these  data,  say : 

"There  is  no  doubt  that  the  British  troops  were  protected  from  scurvy  by  the 
ample  daily  rations  of  meat  or  horse  flesh  served  out  to  them  throughout  the  siege. 
The  Indian  soldiers  while  protected  from  beriberi  by  the  nature  of  tlieir  cereal 
ration,  failed  in  many  cases  to  obtain  a  sufficient  sujjply  of  antiscorbutic  vitamin, 
owing  to  their  refusal  to  eat  meat." 

Heliir  states  that  about  the  end  of  February,  herbs,  shrubs,  and  grasses 
sprang  up  and  to  his  surprise,  although  the  men  were  on  a  barely  sub- 
sistent  diet,  the  use  of  some  three  ounces  of  green  herbs  per  day,  per 
man,  collected  from  the  plains,  cured  the  scurvy.  He  is  of  the  opinion 
that  fresh  meat  alone,  without  vegetables,  will  not  indefinitely  postpone 
scurvy,  although  it  may  delay  its  appearance.     The  Gurkha,  who  ate 
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meat  in  almost  the  same  quantity  as  the  British  soldier,  suffered  to  some 
extent  from  scurvy. 

Shorten  and  Roy  report  that  sun-dried  carrots,  spinach,  calDbage, 
and  onions  retain  in  full  their  antiberiberic  properties  and  that  cabbage, 
carrots,  and  onions  subjected  to  the  same  process  retain  to  some  extent 
their  antiscorbutic  properties,  which   disappear  wholly   from   spinach. 

Climatic  and  Seasonal  Influences. — As  our  statements  concerning  the 
geographical  distribution  of  beriberi  show,  this  disease  is  most  prevalent 
in  tropical  and  subtropical  countries,  but  we  have  already  called  atten- 
tion to  the  fact  that  in  the  Japanese  Empire  it  has  been  observed  on  the 
Island  of  Yezo  which  has  a  climate  corresponding  to  the  temperate  zone 
of  Europe  and  America.  Hirscli,  in  discussing  this  subject,  calls  atten- 
tion to  the  fact  that  in  many  parts  of  the  tropics  this  disease  has  never 
been  seen  and  that  outbreaks  on  board  ships  in  high  latitudes  have  been 
reported.  From  this  he  concludes  that  climate  itself  does  not  determine 
the  endemic  or  epidemic  existence  of  the  disease ;  indeed,  it  is  quite  cer- 
tain that  climate  is  not  a  factor  except  insofar  as  it  determines  the 
character  of  the  food.  We  have  also  called  attention  to  the  early  opinion 
that  beriberi  was  confined  to  the  sea  coast,  and  we  have  shown  that  this 
has  proved  to  be  error  when  further  penetration  of  the  interior  has 
given  opportunity  for  more  extended  observation.  There  is  but  little 
doubt  that  in  some  countries  beriberi  has  been  confounded  with  malarial 
fevers.  While  it  is  true  that  the  area  of  the  earth  traversed  by  beriberi 
lines  is  in  large  part  also  malarious,  it  is  equally  true  that  even  in 
these  areas  there  are  sections  where  one  of  these  diseases  prevails  to  the 
complete  exclusion  of  the  other.  The  most  malarial  districts  of  India 
are  most  free  from  beriberi  and  certain  sections  in  which  beriberi  is 
common  are  wholly  free  from  malaria.  So  far  as  climate  is  concerned, 
including  swampiness  of  ground  and  presence  of  anopheles,  there  is  no 
relation  between  the  two  diseases. 

It  has  been  a  matter  of  early  and  frequently  repeated  observation, 
that  the  dark  races  are  more  frequently  subject  to  beriberi  than  are 
Europeans.  According  to  Simmons,  Europeans  and  Americans  in  .Japan 
are  very  rarely  attacked  by  this  disease.  Anderson  states  that  not  a  case 
of  beriberi  occurred  among  the  French  and  English  soldiers  stationed  at 
Yokohama.  Brazilian  physicians  report  this  disease  in  all  classes  in 
their  country.  Feris  says  that  among  his  people  it  shows  no  respect  for 
wealth  or  social  position,  but  he  points  out  that  it  is  rare  among  visitors. 
It  is  worthy  of  note  that  from  time  to  time,  extending  back  more  than 
100  years,  students  of  this  disease  have  called  attention  to  the  observa- 
tion that  a  certain  period  of  residence  in  a  locality  where  beriberi  exists 
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is  essential  to  tlie  development  of  the  disease.     Nearly  100  years  ago 
Calhoun  wrote: 

"It  appears  that  a  stay  for  some  months  at  the  station  is  almost  essential  for 
the  production  of  the  disease,  and  that  the  greatest  predisposition  to  it  exists  when 
troops  have  been  about  eight  or  twelve  months  in  the  settlement." 

Some  years  ago  Simmons  observed  that  Japanese  coming  from  the 
interior,  where  the  disease  at  that  time  was  rare,  resided  on  the  coast, 
where  it  was  frequent,  for  months  before  they  showed  symptoms  of  the 
disease.  Baelz  makes  a  similar  statement,  inasmuch  as  he  says  that  a 
residence  in  the  locality  of  from  a  few  months  to  a  year  is  necessary  in 
order  to  predispose  an  immigrant  to  the  disease.  Since  it  has  been  dem- 
onstrated that  beriberi  is  a  nutritional  disease  and  that  persistence  in 
certain  diets  for  considerable  periods  of  time  is  necessary  to  induce  it, 
all  these  statements  are  easily  understood. 

One  of  the  oldest  theories  concerning  beriberi  assumed  that  it  is  a 
form  of  rheumatism  and  that  it  is  brought  about  by  exposure  to  marked 
fluctuations  in  temperature,  and  especially  when  these  changes  are  ac- 
companied by  wet  weather.  The  supposition  of  the  relation  of  beriberi 
to  rheumatism  was  probably  suggested  by  the  burning  of  the  soles  of  the 
feet,  which  is  a  common  symptom  in  chronic  cases  and  by  the  peculiari- 
ties in  gait  which  characterize  the  disease.  It  is  interesting  to  note 
that  Malcolmson  wrote  his  treatise  on  beriberi  because  two  prizes  were 
offered,  one  for  an  essay  on  beriberi  and  one  for  an  essay  on  rheumatism, 
or  "burning  of  the  feet."  Malcolmson  was  awarded  both  prizes  and  the 
two  essays  were  published  in  one  volume;  indeed,  the  essay  on  '^ burning 
of  the  feet"  is  more  interesting  and,  in  our  opinion,  a  more  valuable 
contribution  to  our  knowledge  of  nutritional  disorders  than  the  essay 
on  beriberi.  Malcolmson  Avas  apparently  halfway  convinced  of  the  rela- 
tion between  beriberi  and  ''burning  of  the  feet."    In  one  place  he  wrote: 

"Both,  then  appear  to  depend  on  an  affection  of  the  nerves,  and  their  occurring 
together  would  suggest  that  they  are  modifications  of  the  same  disease;  which  is 
further  supported,  by  the  fatal  cases  exhibiting  many  of  the  graver  symptoms  of 
beriberi.  The  evidence  of  an  occasional  correspondence  in  some  of  the  symptoms 
and  even  of  the  appearances  on  dissection,  are  however  by  no  means  sufficient  to 
identify  two  diseases,  as  these  must  often  run  into  eaeli  other,  if  similar  parts 
are  affected." 

''Burning  of  the  feet"  occurred  among  native  troops  in  the  Burmese 
War  and  soon  thereafter.  The  ration  of  these  men  consisted  of  rice,  two 
ounces  of  ghee  (not  always  issued),  a  little  salt  fish,  and  spices.  Those 
who  complained  of  "burning  of  the  feet"  were  at  first  regarded  as 
malingerers,  but  Malcolmson  showed  that  this  was  unjust  and  found 
that  the  men  were  best  treated  without  medicine,  by  rest,  and  with  the 
supply  of  a  more  liberal  diet. 
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Dietetic  Influence. — In  most  beriberi  countries,  rice  is  the  most  im- 
portant vegetable  food;  indeed,  taking  the  world  over,  there  are  prob- 
ably more  people  depending  npon  this  grain  for  their  principal  carbo- 
hydrate supply  than  of  those  who  rely  chiefly  npon  wheat,  rye,  or 
potatoes.  It  is  said  that  in  Asia  alone  at  least  400,000,000  Japanese,  Chi- 
nese, Malays,  and  Indians  depend  npon  rice  for  their  staple  diet,  and  among 
many  of  these  the  food  consists  largely  of  this  grain.  Rice  keeps  better 
when  the  pericarp  (silver  skin)  has  been  removed.  In  most  countries 
where  this  is  the  staple  article  of  diet  the  pericarp  is  more  or  less  com- 
pletely removed  before  the  grain  goes  to  the  market.  As  thus  prepared, 
it  is  known  variously  as  ''white  rice,"  ''polished  rice,"  "scoured  rice," 
or,  "highly-milled  rice."  "When  the  pericarp  is  not  removed  the  prepa- 
rations go  under  the  names  "red  rice,"  "unpolished  rice,"  "medium- 
milled  rice,"  and  "under-milled  rice."  In  1896  Eykman,  of  the  Dutch 
East  Indian  Service,  fed  chickens  and  pigeons  upon  an  exclusive  diet  of 
polished  rice  and  found  that  these  animals  after  a  variable  period  of 
time,  from  a  few  weeks  to  a  few  months,  developed  a  general  paralysis, 
which  has  since  been  knoAvn  as  polyneuritis  gallinarum  or  the  polyneu- 
ritis of  birds.  Eykman  was  so  struck  with  the  similarity  between  this 
disease  and  the  beriberi  of  man  that  he  decided  to  extend  his  experi- 
mentation to  human  beings.  There  was  no  scarcity  of  beriberi  in  the 
jails  and  prisons  of  the  Dutch  East  Indies  and,  consequently,  there  was 
abundant  material  at  hand  for  this  experimentation. 

In  some  of  these  institutions  the  inmates  were  fed  upon  rice  which 
still  retained  at  least  75  per  cent  of  the  pericarp  or  the  so-called  silver 
skin.  Of  37  prisoners  kept  upon  this  diet,  only  one,  or  2.7  per  cent,  devel- 
oped beriberi.  In  a  second  group  of  51  who  were  fed  upon  rice  from 
which  at  least  75  per  cent  of  this  layer  had  been  removed,  36,  or  70.6  per 
cent,  developed  beriberi.  In  a  third  group  of  13  who  were  fed  upon  a 
mixture  of  these  two  kinds  of  rice,  6,  or  46.1  per  cent,  developed  the 
disease.  Eykman  made  a  close  study  of  the  local  conditions  which  might 
possibly  be  of  influence  and  came  to  the  conclusion  that  in  all  proba- 
bility the  differences  in  diet  were  wholly  responsible  for  the  marked 
differences  in  the  numbers  developing  the  disease.  Later,  on  his  return 
to  Holland,  Eykman  continued  his  experimental  investigations  and,  al- 
though his  results  were  not  constantly  uniform  and  he  met  with  many 
setbacks  on  account  of  the  development  of  intercurrent  diseases  among 
his  animals,  his  suspicion  that  the  polyneuritis  in  birds  is  wholly  explain- 
able by  diet  seemed  justified.  He  found  that  he  could  induce  polyneu- 
ritis in  birds  by  feeding  them  on  polished  rice  and  that  he  could  then 
cure  them  by  adding  to  their  food  the  pericarp  which  had  been  removed, 
or  by  means  of  an  extract  of  the  pericarp.     When  whole  rice  was  kept 
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for  two  hours  at  125°  C.  in  a  sterilizer  and  chickens  were  fed  on  this 
preparation  they  developed  polyneuritis;  in  other  words,  superheated 
ste^m  when  continued  for  two  hours  destroys  the  antiberiberic  sub- 
stance, whatever  it  may  be,  in  whole  rice.  Heating  for  the  same  time 
to  115°  C.  also  destroys,  partially  at  least,  the  antiberiberic  substance. 
Ordinary  cooking  at  100°  C.  has  no  destructive  action  upon  this  con- 
stituent of  the  food.  Extending  his  investigations,  he  found  that  sub- 
jection for  a  long  time  to  the  high  temperatures  mentioned  above,  de- 
stroys the  antiberiberic  substance  or  substances  in  rye,  oats,  and  barley, 
as  well  as  in  rice.  Eykman  and  his  followers  claim  it  has  been  demon- 
strated that  rice  may  produce  beriberi  and  that  its  activity  in  this  direc- 
tion varies  directly  Avith  the  extent  to  which  the  pericarp  or  silver  skin 
has  been  removed. 

Eykman  came  to  the  conclusion  that  polished  rice  contains  a  substance, 
a  poison  or  a  toxin,  Avhich  has  a  deleterious  effect  upon  the  nervous 
system  and  that  the  pericarp  contains  a  body  Avhich  antidotes  or  neu- 
tralizes the  poison.  He  found  that  the  protectiA^e  substance  can  be 
extracted  from  the  bran  or  polishings  with  water,  that  it  is  dialyzable, 
and  that  it  is  not  precipitated  by  alcohol;  indeed,  it  is  soluble  in  both 
Avater  and  95  per  cent  alcohol.  It  is  destroyed  by  a  temperature  of 
130°  C.  and  its  active  properties  are  reduced  by  prolonged  exposure 
to  a  temperature  as  Ioav  as  115°  C.  and  possibh^  somcAvhat  affected  at 
slightly  loAver  temperatures.  Funk  took  up  the  study  of  this  so-called 
antiberiberic  Adtamin  and  he  has  been  followed  by  hosts  of  workers  in  vari- 
ous parts  of  the  Avorld,  but,  so  far,  the  chemistry  of  this  substance  has 
eluded  every  attempt  to  solve  the  problem  satisfactorily.  At  one  time 
Funk  Avent  so  far  as  to  propose  a  chemical  formula  for  this  vitamin,  b}^ 
Avhich  he  makes  it  a  base  belonging  to  the  pyramidin  group.  He  thinks 
that  this  bodA^  is  essential  to  the  normal  metabolism  of  nervous  tissue 
and  that  Avhen  it  is  not  present,  changes  in  these  tissues  dcA^elop  and. 
from  these  changes  the  signs  and  symptoms  of  beriberi  result. 

Funk  and  Douglas  have  suggested  that  beriberi  may  be  due  to  degeu- 
erative  changes  in  the  endocrin  glands.  They  foimd  this  claim  upon  the 
examination  of  eight  beriberic  pigeons  and  state  tliat  Avliile  the  thymus 
in  normal  pigeons  is  a  long  organ  extending  in  a  chain  of  glands  through 
the  Avhole  length  of  both  sides  of  the  neck,  in  beriberic  patients  no  tissue 
that  could  be  identified  as  thymus  Avas  found.  In  the  glandular  por- 
tion of  the  pituitaries  there  Avere  marked  deviations  from  the  normal, 
the  acinar  arrangement  being  lost  and  the  cells  shoAving  degeneration. 
In  tAvo  of  the  birds  there  Avas  marked  degeneration  of  the  cells  in  the 
thyroid.  In  the  six  female  birds  the  OA^aries  Avere  much  diminished  in 
size,  Avhile  in  tAvo  male  birds  the  testes  Avere  greatly  atrophied.     In  the 
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majority  of  the  birds  there  were  some  slight  degenerative  clianges  in 
both  cortical  and  chromaffin  cells  of  the  suprarenals.  It  must  be  admit- 
ted that  this  work  is  not  altogether  convincing,  because  we  are  not  suf- 
ficiently familiar  with  the  histology  of  these  organs  in  pigeons,  either 
in  the  normal  state  or  when  suffering  from  other  diseases. 

Fraser  and  Stanton  hold  that  the  smaller  the  percentage  of  phosphorus 
in  a  diet  the  greater  is  its  potency  in  producing  beriberi  in  man  or  neu- 
ritis in  birds.  Schaumann  folloAvs  along  the  same  line  and  draws  the 
inference  that  the  substances  in  food  which  are  protective  against  beri- 
beri are  probably  organic  compounds  of  phosphorus.  Simpson  and  Edie, 
after  a  review  of  this  subject  and  a  report  of  some  investigations  of 
their  own,  state  their  conclusions  as  follows: 

"(1)  Foodstuffs  which  lead  to  the  development  of  polyneuritis  in  animals  are 
characterized  by  a  low  content  of  phosphorus  or  of  certain  organic  compounds  of 
]Vhosphorus.  This  may  be  either  fundamental  or  be  caused  by  artificial  processes. 
(2)  Animals  are  not  protected  from  the  ill  effects  caused  by  such  diets  by  the  addi- 
tion thereto  of  proteins,  inorganic  salts,  inorganic  phosphates,  or  the  synthetic 
organic  compounds  of  phosphorus  (calcium  glycerophosphate  or  albumen-metaphos- 
phate).  (3)  The  addition  of  certain  substances,  rich  in  organic  phosphorus,  to  such 
diets  exercises  both  a  protective  and  a  curative  effect.  Yeast,  rice  meal,  wheat 
bran,  peas,  Katjang  beans,  and  testicular  extracts  are  the  chief  substances  with  this 
power.  Carnivora  and  herbivora,  however,  react  rather  differently  to  testicular 
extract;  the  former  are  completely  protected,  the  latter  only  in  a  less  degree.  (4) 
Artificially  separated  organic  phosphorus  compounds  of  various  kinds,  prepared  from 
these  natural  protective  substances,  exercise  only  a  moderate  and  transient  influence. 
Such  compounds  include  yeast,  nucleic  acid,  phytin-like  compounds  from  Katjang, 
phytin  from  rice  meal,  and  possibly  certain  phosphatides.  (5)  Apparently  the  pro- 
tective or  curative  effect  of  these  substances  is  dependent  not  on  any  one  of  their 
organic  comjoounds  of  pliosxshorus,  but  on  the  collective  effect  of  a  number  of  these. 
Animals  do  not  apparently  possess  the  power  of  forming  the  organic  phosphorus 
compounds  necessary  to  their  economy  from  inorganic  phosphates  by  their  own 
metabolism,  but  are  dependent  for  their  provision  on  the  plant  world,  as  they  are 
for  other  classes  of  foodstuff  (e.g.,  protein  and  carbohydrate).  (6)  The  metabolism 
of  phosphorus  and  nitrogen  stand  in  close  relation  to  one  another.  (7)  Spontaneous 
or  experimental  polyneuritis  in  animals  appears  to  be  a  disease  of  metabolism, 
.attributable  to  the  lack  of  some  specific  organic  phosphorus  compounds  whose 
identity  is  still  uncertain. ' ' 

It  seems  to  be  generally  agreed  at  present  among  students  of  beriberi 
that  a  rice  which  yields  less  than  0.4  per  cent  of  phosphorus  pentoxid  is 
not  a  safe  food,  Fraser  and  Stanton  say  that  they  have  never  known 
an  outbreak  of  beriberi  to  be  caused  by  a  rice  which  yields  more  than 
0.26  per  cent  of  phosphorus  pentoxid  and  that  rices  containing  not  less 
than  0.4  per  cent  of  this  constituent  are  effective  in  preventing  the 
continuance  of  the  disease.  Strong  and  Crowell  caused  beriberi  by 
feeding  men  with  rice  Avhich  contained  0.37  per  cent  of  phosphorus  pen- 
toxid when  the  rice  formed  the  staple  article  and  there  was  but  little 


78  EPIDEMIOLOGY 

variety  in  the  diet.  In  1912  Heiser  suggested  that  the  Philippine  Gov- 
ernment tax  rice  containing  less  than  0.4  per  cent  of  phosphorus  pen- 
toxid.  Fraser  and  Stanton  found  that  on  an  average  unpolished  rice 
contains  0.54  per  cent  of  phosphorus  pentoxid,  and  Aron  found  that 
unpolished  rice  in  the  Philippine  Islands  contains  0.557  of  phosphorus 
pentoxid.  Strong  and  Crowell  suggest  that  a  more  thorough  study  of 
the  amount  of  this  constituent  in  rice  be  made  before  a  legal  limit  is 
determined.  Chamberlain  thinks  it  probable  that  the  potassium  com- 
pounds in  the  pericarp  play  an  important  part  in  this  matter. 

A  great  many  practical  experiments  have  been  made  by  excluding 
polished  rice  from  the  diet.  It  was  the  boast  of  Takaki  that  he  freed  the 
Japanese  Navy  from  beriberi  by  a  change  in  the  ration.  Up  to  1883  this  dis- 
ease involved  one-fourth  of  the  strength  of  the  Japanese  Navy.  In  1884, 
through  the  influence  of  Takaki,  the  ration  was  changed  and  a  larger  pro- 
portion of  nitrogenous  food  was  provided.  In  1885  there  were  only  41 
cases,  and  in  1886  only  three  cases,  of  beriberi.  Since  that  time  it  is  claimed 
that  this  disease  has  been  eliminated  from  the  Japanese  Navy.  It  is  said  by 
Vorderman  that  among  96,530  prisoners  in  Java  who  were  fed  chiefly  with 
rice  from  which  not  more  than  twenty-five  per  cent  of  the  pericarp  had 
been  removed,  only  9,  or  0.009  per  cent,  developed  beriberi,  while  among 
150,226  prisoners  fed  with  rice  which  contained  not  more  than  twenty-five 
per  cent  of  the  pericarp,  420,  or  0.28  per  cent,  had  beriberi.  This  in- 
vestigator concludes  that  there  is  an  undeniable  connection  between  the 
consiunption  of  polished  rice  and  the  prevalence  of  this  disease.  In  1901 
Roefsemar  cared  for  an  epidemic  of  beriberi  among  coolies  at  the  coaling 
station  at  Sabang,  Sumatra.  No  improvement  followed  when  he  added 
meat  to  the  food,  but  the  epidemic  soon  ended  when  the  sick  were  fed  on 
Katjang  peas.  Similar  observation  was  made  by  Jonge  in  an  insane  asylum 
at  Buitenzorg.  Aftei*  an  experience  of  five  years  with  beriberi,  Braddon 
came  to  the  conclusion  that  this  disease  is  not  an  infection  but  a  food 
poisoning,  the  cause  of  which  lies  in  the  nature  of  the  grain.  In  places, 
where  rice  eaters  and  nonriee  eaters  live  side  by  side,  sharing  in  common 
the  chance  of  infection,  beriberi  attacked  only  rice  eaters,  never  the  non- 
rice  eaters.  Fletcher  found  in  an  insane  asylum  in  the  East  Indies  that 
there  were  34  cases  of  beriberi  among  120  persons  fed  upon  polished  rice, 
with  18  deaths ;  while  among  123  patients  fed  upon  unpolished  rice  there 
were  only  two  cases,  both  of  whom  had  the  disease  on  admission.  Fales, 
studying  beriberi  in  the  Bilibid  Prison  in  Manila,  came  to  the  conclusion 
that  both  this  disease  and  scurvy  are  due  to  a  lack  of  fresh  vegetables.  He 
attributed  the  diet  deficiency  to  the  small  amount  of  potassium  carbonate 
in  the  polished  rice.  Ellis,  studying  this  disease  in  a  Singapore  insane 
asylum,  states  that  since  only  unpolished  rice  has  been  used  as  a  food  there 
has  been  no  recurrence  of  the  disease,  although  there  were  formerly  maiiy 
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outbreaks.  Fraser  and  Stanton  made  what  appears  to  have  been  rather 
a  crucial  test.  They  took  300  Javanese  laborers  who  were  employed  on 
road  construction  and  divided  them  into  two  camps.  Those  in  one  camp 
had  polished  rice,  while  those  in  the  other  had  unpolished  rice.  The  dis- 
ease appeared  only  in  those  fed  upon  polished  rice.  The  diets  in  the  two 
camps  were  interchanged,  with  a  reversal  after  a  time  in  the  disease  condi- 
tion.   They  state : 

' '  Removal  of  patients  suffering  from  beriberi  from  one  place  to  another  did  not 
influence  the  progi-ess  of  the  disease  and  removal  of  entire  parties  from  the  place 
where  the  disease  had  occurred  did  not  influence  the  progress  of  the  outbreak  so 
long'  as  they  continued  on  white  rice.  Tliese  experimeiits  suggest,  although  they 
do  not  prove,  that  place  2Jcr  se  or  considered  as  a  nidus  of  infection  has  no  influence 
upon  the  development  of  beriberi. ' ' 

Strong  and  Crowell  made  a  carefully  guarded  experiment  on  prisoners 
in  the  Bilibid  Prison  and  came  to  the  following"  conclusion: 

"It  is  evident  that  among  the  individuals  comprising  our  experiments  beriberi  Avas 
produced  only  by  means  of  the  diet,  and  that  the  disease  has,  therefore,  a  true 
dietetic  causation.  It  is  further  evident  from  our  experiments  that  beriberi  de- 
velops ovFing  to  the  absence  of  some  substance  or  substances  in  the  diet  necessary 
for  the  normal  physiological  processes  of  the  body.  Without  the  supply  of  such 
substances  in  the  food,  beriberi  results.  Such  a  substance  or  substances  are  evidently 
present  in  red  rice  and  in  rice  polishings  and  also  in  small  amount  in  the  alcoholic 
extract  of  rice  polishings,  and  when  these  articles  are  added  to  what  would  appear 
to  be  an  otherwise  physiologically  proper  diet,  they  usually  prevent  the  development 
of  the  symptoms  of  the  disease.  In  some  instances,  however,  even  when  these 
substances  are  constituents  of  the  diet,  when  the  diet  is  without  variation  and 
composed  of  very  few  articles,  and  the  individual  suffers  from  loss  of  appetite  and 
the  assimilative  functions  appear  to  be  poor  and  he  loses  markedly  in  weight, 
symptoms  of  beriberi  may  develop  in  such  individuals.  However,  such  symptoms 
m.ay  be  dispersed  by  causing  a  variation  in  the  diet  by  the  addition  of  other  nitrog- 
enous substances  to  it.  It  is  also  evident  from  our  experiments  that  the  disease 
is  certainly  not  an  infectious  one  in  the  sense  which  we  usually  employ  this  term. 
The  rigid  isolation  of  the  prisoners  undergoing  the  test  would  seem  to  exclude  the 
possibility  of  the  introduction  of  an  infectious  agent  through  any  other  individual 
or  by  the  introduction  of  any  article.  *  *  *  It  is  also  noteworthy  that  the  cases 
of  beriberi  developed  under  the  most  favorable  hygienic  conditions  with  exception 
in  regard  to  diet.  It  is  not  probable  that  the  infection  could  have  been  introduced 
with  the  food,  since  this  was  all  freshly  cooked,  and  at  a  temperature  at  which 
only  a  spore-bearing  organism  would  survive.  The  food  was  also  eaten  a  very  short 
time  after  being  cooked.  Moreover,  if  the  infection  had  been  introduced  with  the 
food,  the  incidence  of  the  disease  should  have  been  the  same  in  all  of  the  groups,  which 
it  wias  not.  No  fermentation  of  the  rice  employed  occurred  either  before  or  after 
it  was  cooked,  so  that  it  would  appear  that  the  action  of  such  bacteria  as  have 
been  described  by  Kbhlbrugge  and  by  Breaudat  could  be  excluded.  It  has  been  sug- 
gested that  a  diet  of  white  rice  predisposes  to  the  disease,  since  it  furnishes  a 
better  medium  for  the  development  of  the  specific  organism  which  resides  in  the 
intestine  of  the  host,  and  that  the  red  rice  or  extract  of  polishings  forms  a  preventive 
for  the  development  of  such  a  specific  organism.     There  is  no  definite  evidence  of  such 
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;iu  liyputhcyis  and,  moreover,  tlie  results  oljtained  in  our  experiment  ■\\H)ukl  argue 
against  it,  since  in  two  instances  at  least,  distinct  symptoms  of  beriberi  were 
present  in  individuals  who  had  received  these  substances  in  the  diet.  It  cannot 
be  claimed  with  reason  that  the  resistance  of  the  individuals  having  been  lowered 
by  weakness  and  loss  of  weight,  the  specific  organism  residing  in  the  intestine  of  the 
individual  was  aide  to  increase  and  multiply  and  produce  the  disease;  for  in  several 
instances  where  the  loss  of  weight  of  the  individuals  was  marked  and  their  general 
condition  poor  as  was  manifessted  by  the  occurrence  of  erosions  about  the  corners 
of  the  mouth,  sore  mouth  and  tongue,  and  conjunctivitis,  no  syi;nptoms  of  beriberi 
developed.  Indeed,  from  our  experiments  there  is  no  evidence  of  any  nature  which 
suggests  that  beriberi  is  an  infectious  disease,  and  on  the  contrary  the  evidence  is 
definite  that  beriberi  in  the  Philippine  Islands  is  due  to  the  prolonged  consumption 
of  a  diet  which  lacks  certain  substances  necessary  for  the  normal  physiological  needs 
of  the  human  body. ' ' 

There  are  those  Avho  still  deny  the  importance  of  the  dietetic  factor  in  the 
causation  of  beriberi.  AVright,  studying  the  disease  in  a  jail  at  Kuala 
Lumpur,  holds  that  beriberi  is  not  due  to  diet,  but  is  due  to  infected  local- 
ities. He  states  that  in  this  asylum,  although  the  inmates  were  on  the 
ration  provided  by  Takaki  for  the  Japanese  Navy,  49  cases  of  this  disease 
originated  and  123  redeveloped  signs  of  paresis  or  recontracted  the  tiisease 
during  the  continuance  of  the  diet.  Similar  reports  have  come  from 
Durham,  Travers,  Daniels,  and  Montel.  It  will  be  seen  from  this  that 
there  is  some  difference  of  opinion,  as  yet,  among  those  who  have  had  op- 
portunity to  study  this  disease  as  to  its  causation,  but  the  weight  of  evi- 
dence seems  to  be  in  favor  of  those  who  hold  that  beriberi  is  a  nutritional 
disorder. 

In  the  third  edition  of  his  valuable  work  on  tropical  diseases,  published 
in  1903,  Scheube,  who  had  had  experience  with  beriberi  in  Japan,  wrote 
that  beriberi  is  an  infectious  disease  and  not  a  nutritional  disorder.  He 
gives  the  following  principal  reasons  for  this  belief :  In  the  first  place,  the 
disease  is  especially  prevalent  among  lusty,  well-nourished,  young  adults. 
Secondly,  it  is  most  prevalent  on  the  sea  coast  and  near  the  mouths  of 
great  rivers  and  is  rare  in  the  interior.  Thirdh',  it  is  seasonal, 'being  most 
prevalent  during  the  rainy  season ;  and,  fourth,  the  disease  has  recently 
extended  to  countries,  the  inhabitants  of  which  do  not  depend  upon  rice 
as  their  staple  article  of  diet.  It  is  quite  evident  that  Scheube  had  not  at 
that  time,  although  Eykman's  work  had  been  published  some  years  previ- 
ously, comprehended  the  food  deficiency  theory.  As  we  have  seen,  strong, 
as  well  as  weak  people  are  liable  to  develop  this  disease  when  their 
food  is  deficient  in  antiberiberic  properties,  and  highly-milled  Avheat  may 
also  be  deficient  in  antiberiberic  constituents. 

So  far,  the  discussion  has  centered  about  rice  as  a  staple  article  of  diet. 
If  polished  rice  may  cause  this  disease,  is  it  not  possible  that  other  grains 
treated  in  a  similar  way  may  have  a  like  effect?    A  report  made  by  Little 
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in  1912  concerning  beriberi  in  Newfonndland  should  be  regarded  as  of 
great  importance.     Tliis  author  writes  as  follows: 

"A  great  many  people  here  live  from  hand  to  mouth,  being  always  on  the  verge 
of  poverty.  There  are  many  who  are  well  satisfied  if  they  have  enough  flour,  tea 
and  molasses  to  see  them  through  the  winter.  Agriculture  is  so  discouraging  that 
many  never  have  a  vegetable.  Game,  deer,  birds,  rabbits,  seals,  are  scarce  and 
getting  scarcer.  Berries,  though  abundant  in  the  fall,  are  hard  to  gather.  Fish  is 
worth  more  to  sell  than  to  eat,  for  with  it  flour,  which  is  the  cheapest  food,  is  bought. 
Although  there  are  times  of  the  year  when  such  people  get  all  of  these,  there  are 
times  when  they  get  none  of  them  and  those  are  the  times  when  the  physician  begins 
to  hear  various  complaints.  These  complaints  are  in  many  eases  vague,  in  some 
definite.  Such  for  instance  are  night-blindness,  retention  of  urine,  numbness  or 
cold  feelings,  tingling  in  the  legs  or  arms,  or  across  the  abdomen  or  mouth,  feelings 
of  water  running  up  and  down  under  the  skin,  etc.  These  are  the  paresthesias,  the 
functional  nervous  troubles  which  are  the  prodromal  stage  of  beriberi.  They  are  very 
common.  Let  the  vessel  get  home,  or  the  spring  come,  the  ice  break  up,  navigation 
open,  and  a  more  varied  diet  be  taken,  and  thej-  disappear.  But  let  an  added  burden 
be  thrown  on  the  economy,  whether  it  bo  pregnancy,  a  wetting  and  chill  or  a  cold; 
add  the  squalor  and  discomfort,  dirt  and  Ijad  air  of  one  of  the  air-tight  overheated 
cottages  the  natives  live  in,  increased  by  the  neglect  caused  by  their  own  under- 
mined health,  then  you  will  see  the  condition  advancing  sometimes  very  rapidly  to 
the  later  stages  of  sensory  and  motor  paralysis,  with  atFection  of  the  peripheral  or 
sjiecial  nerves,  involvement  of  the  heart,  or  any  other  organ,  edema,  etc.,  and  some- 
times death.  I  have  seen  the  advance  into  complete  helplessness  of  a  patient  who 
complained  only  of  night-blindness  with  paresthesias,  anesthesias  and  paralysis.  I 
have  seen  the  same  patient,  put  on  a  diet  of  whole-wheat  flour,  beans  and  peas,  get 
perfectly  well  in  two  months.  I  have  taken  into  hospital  patient  after  patient  ad- 
vancing from  the  functional  stage  of  symptoms  into  the  paralyzed,  and,  by  giving 
a  full  diet-_with  whole-wheat  bread,  beans,  potatoes,  macaroni  and  fresh  meat,  had 
them  well  in  two  weeks.  I  see  two  to  three  cases  a  day  now,  and  during  the  last  two 
months  have  taken  in  the  worst  ones  and  cured  the  patients  in  two  weeks.  On  one 
part  of  our  coast  where  beriberi  has  been  most  common,  in  the  fall  of  1910  a  large 
N'ossel  went  ashore  from  which  whole-wheat  flour  was  unloaded  to  lighten  her.  The 
natives  got  the  flour  and  there  lias  not  been  a  case  there  since,  nor  any  of  the 
functional  symptoms.  The  'old  stagers'  of  this  country  who  remember  the  days 
when  'brown  flour'  was  the   diet,   say  that  tliis   trouble  Avas  unknoAvn  among   them." 

In  1903  Young  reported  that  during  the  past  five  years  he  had  met  with 
many  cases  of  beriberi  in  the  neighborhood  of  Abbeville,  La.  He  stated 
that  in  this  district  there  had  been  not  less  than  40  cases  and  in  all  of 
these  the  patient  was  a  heavy  eater  of  rice. 

It  is  stated  in  an  Italian  journal,  also  in  the  Journal  of  Tropical  Medi- 
cine, (Sept.  1,  1905,  p.  270),  that  there  Avere  40  cases  of  beriberi  with  three 
deaths  among  the  Filipinos  present  at  the  St.  Louis  Exposition  in  1904. 
In  1895  Bondurant  reported  between  20  and  30  cases  in  the  State  Insane 
Asylum  at  Tuscaloosa,  Ala.,  and  later  other  cases  in  an  insane  asylum  in 
Arkansas.  These  may  or  may  not  have  been  correctly  diagnosed.  On  re- 
viewing Bondurant 's  report,  Braddon  concludes  that  if  it  were  beriberi  it 
was  of  modified  type.     It  is  exactly  this  that  we  must  look  for  in  this 
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country.  It  is  higlily  improbable  that  beriberi  developing  in  this  country 
would  in  every  particular  present  an  exact  reproduction  of  the  symptoms 
as  seen  in  this  disease  in  oriental  countries.  For  a  time  Caverley  was  half 
persuaded  that!  the  cases  which  he  reported  as  poliomyelitis  in  the  outbreak 
near  Rutland,  Vt.,  in  1894,  were  due  to  beriberi,  but  this  keen  observer  soon 
became  convinced  that  his  original  diagnosis  was  correct,  and  so  it  has 
proved  to  be. 

The  U.  S.  Mortality  Statistics  show  78  deaths  reported  as  due  to  beri- 
beri from  1911  to  1919,  distributed  as  follows :  1911,  7 ;  1912,  12 ;  1913', 
11;  1914,  5;  1915,  6;  1916,  6;  1917,  15;  1918,  11;  1919,  5.  In  1918  there 
were  5  deaths  in  California,  4  in  Washington,  and  2  in  New  York.  In 
1919  there  were  4  in  California,  and  1  in  Tennessee.  Where  the  disease 
was  acquired  in  these  cases  we  are  not  informed,  nor  can  we  guarantee 
correctness  of  diagnosis. 

It  is  of  importance  that  we  make  some  inquiry  as  to  the  content  of  anti- 
beriberic  substance  in  foods  other  than  rice.  White  bread  is  quite  certainly 
lacking  in  this  substance.  Hoist  found  that  animals  fed  on  wheat  bread 
developed  neuritis,  while  those  fed  on  rye  bread  did  not.  Sailors  on  Nor- 
wegian sailing  ships  began  to  develop  beriberi  in  1894,  the  disease  having 
been  unknown  among  these  people  before  that  time.  This  corresponds  with 
a  change  of  their  ration  from  rye  bread  to  wheat  bread,  the  wheat  bread 
being  served  in  the  form  of  liard-tack  made  from  over-milled  wheat  flour. 
Potatoes  contain  appreciable  quantities  of  the  antiberiberic  substance;  at 
least,  Eykman  found  that  chickens  fed  entirely  on  potatoes  do  not  develop 
polyneuritis.  This  is  confirmed  by  the  fact  that  this  disease  has,  so  far 
as  we  know,  never  appeared  among  Irish  peasants,  even  when  they  have 
been  compelled  to  live  chiefly  on  potatoes.  No  one,  however,  has  ever  tried 
a  diet  consisting  of  polished  rice  and  potatoes  or  white  flour  and  potatoes. 
It  remains  to  be  determined  whether  or  not  the  antiberiberic  substance  is 
present  in  potatoes  in  suflicient  quantity  to  make  up  for  its  absence  from 
polished  rice  and  white  bread.  It  has  been  quite  generally  found  that  peas 
and  beans  contain  satisfactory  amounts  of  the  antiberiberic  substance.  The 
content  of  this  body  in  meat  is  apparently  small.  Vedder  and  Clark  state 
that  both  meat  and  potatoes  are  more  protective  cooked  than  when  eaten 
raw.  This  is  contrary  to  what  one  would  naturally  expect  and  a  more 
tliorough  investigation  should  be  made  along  these  lines. 

We  think  it  rather  unfortunate  that  beriberi  has  been  so  closely  associ- 
ated in  the  literature  with  rice.  In  part,  we  think  this  is  due  to  a  superficial 
reading  of  some  of  the  ehissietd  works  on  this  disease.  For  instance,  in  1907 
Braddon  wrote : 

"(1)  Tliat  in  places  where  beriberi  is  endemic  and  in  communities  in  which 
it  prevails,  only  those  Avho  eat  rice  are  attacked;  those  who  eat  no  i-ice  escape.  (2) 
Arnong  rice  eaters  in  endemic  areas,  'or  during  epidemics,  those  only  who  eat  certain 
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— uncured  and  stale — sorts  of  rice  suffer,  those  who  eat  only  other — cured  or  fresh — 
sorts  escape.  (3)  In  epidemics  as  Avith  persons  where  such  uncured  rice  is  con- 
sumed, the  extent  (prevalence  and  severity)  of  the  disease  varies  directly  with  the 
quantity  eaten,  absolutely  and  relatively.  (-1)  The  disease  persists  when  the  sort 
of  rice  eaten  when  it  was  acquired,  continues  to  be  used  and  disappears  when  this 
is  changed. ' ' 

The  careless  reader  no  doubt  concludes  that  rice,  and  this  food  only,  may 
cause  beriberi;  but  a  more  careful  and  wider  reading  of  Braddon's  book 
shows  that  he  was  even  at  that  time  quite  conscious  of  the  fact  that 
other  grains,  as  well  as  rice,  might  be  concerned  in  the  causation  of  this 
disease;  in  fact,  he  says  this  plainly  and  at  times  states  that  beriberi  is 
due  to  poisoning  wdth  grain.  He  also  calls  attention  to  the  fact  that 
travelers  going  into  countries  where  the  disease  is  unknown,  who  carry 
with  them  their  special  food  and  adhere  to  it,  may  develop  the  disease. 
He  says  that  death  is  in  the  pot. 

The  question  has  arisen  whether  or  not  any  restriction  should  be  placed 
upon  the  sale  and  use  of  polished  rice  in  this  country.  The  natural  answer 
is  that  our  food  is  so  abundant  and  so  varied  that  there  is  no  danger  of 
our  being  afflicted  with  such  a  disease  as  beriberi.  We  are  not  sure  that 
the  matter  should  be  treated  in  this  way,  but,  in  our  opinion,  we  are  in 
more  danger  of  suffering,  certainly  in  the  northern  part  of  the  United 
States,  from  fine  wheat  flour  and  the  bread  made  from  it  than  we  are  from 
polished  rice.  In  every  case  of  neuritis  the  physician  should  inquire  closely 
into  the  dietetic  habits  of  his  patient,  and  we  would  not  be  surprised  if  it 
came  to  pass  that  many  cases  of  this  disease  are  due  to  dietetic  error.  The 
fact  that  the  patient  is  well-to-do  and  lives  liberally  so  far  as  food  is 
concerned  should  not  debar  the  physician  from  making  his  inquiries.  It 
should  be  borne  in  mind  that  beriberi  is  not  due  to  too  little  food,  but  to 
the  kind  of  food,  and  especially  to  the  processes  to  which  food  has  been 
subjected  before  it  is  consumed. 

"We  cannot  too  fully  emphasize  the  fact  that  beriberi  is  a  food-deficiency 
disease  and  that  it  is  quite  as  likely  to  occur  in  the  families  of  the  well- 
to-do  as  in  those  of  the  poor.  In  the  selection  of  our  foods  it  is  custom 
rather  than  taste  and  flavor  or  good  sense  that  leads  us.  In  well-to-do 
families  only  wheat  bread  made  from  the  finest  flour  is  used.  The  humbler 
neighbors  copy  tliis  fashion  and  after  a  while  it  comes  about  that  every- 
body demands  that  wheat  flour  must  not  only  have  all  the  bran  excluded, 
but  it  must  be  bleached  in  order  to  please  the  sight.  Finally,  it  comes  about 
that  to  buy  any  other  than  the  whitest  wheat  flour  is  to  acknowledge  that 
one  is  deficient  both  in  culture  and  in  purse.  We  are  just  beginning  to 
realize,  in  the  examinations  of  school  children  that  are  now  being  made 
quite  extensively,  that  undernourished  children  "come  in  astonishingly 
large  numbers  from  well-to-do  families ;  indeed,  the  children  of  physicians 
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not  infrequently  show  that  tlieir  fathers,  either  through  ignorance  or  in- 
difference, fail  to  properly  supervise  their  food.  It  should  be  plainly 
understood  that,  according  to  our  best  present-day  information  concern- 
ing the  causation  of  beriberi  and  scurvy,  these  diseases  are  not  due  to  the 
'presence  in  the  food  of  harmful  substances,  but  are  due  to  the  absence 
from  the  food  of  certain  essential  nutritional  elements.  Manufacturing 
pharmacists  are  already  offering  supplies  of  vitamins  to  physicians  and 
trying  to  make  money  out  of  our  recentlj^  acquired  knowledge  concerning 
the  food-deficienc}^  diseases.  It  may  be  plainly  stated  that  such  prepara- 
tions are  not  to  be  used  and  are  not  needed.  The  proper  thing  to  do  is 
to  give  the  natural  food  containing  the  vitamin. 

It  is  well  to  bear  in  mind  that  neuritis  is  not  the  only  symptom  of  beri- 
beri in  man  or  of  polyneuritis  in  birds.  As  we  have  seen,  beriberi  in  man 
may  be  accompanied  b.y  edema  or  it  may  be  free  from  this  symptom.  In 
the  neuritis  of  birds,  edema,  so  far  as  we  know,  has  never  been  observed. 
In  both  man  and  birds,  however,  there  is  loss  of  weight,  and  this  is  quite 
independent  of  the  amount  of  food  and  the  presence  of  proper  quantities 
of  protein,  fats,  and  carbohydrates.  In  experimental  polyneuritis  the  loss 
in  weight  is  quite  variable  and  does  not  always  correspond  in  degree  to 
the  development  and  extent  of  the  neuritis.  Studying  this  problem,  Vedder 
and  Clark  suggest  that  rice  polishings  and  other  foods  contain  two  sub- 
stances that  are  essential  to  proper  metabolism.  One  of  these  is  a  neuritis 
preventing  substance,  while  the  other  prevents  the  loss  in  weight,  prostra- 
tion, and  cardiac  failure.  This,  however,  is  a  matter  of  speculation.  It  is 
not  necessary  to  assume  that  the  lack  of  antiberiberic  substance  leads  di- 
rectlj^  to  abnormal  metabolism  in  the  peripheral  nerves.  It  may  affect  these 
organs  indirectly  by  its  more  direct  effect  upon  other  tissues  in  the  body. 

Infantile  Beriberi.— In  1888  Hirota  began  to  report  cases  of  infantile 
beriberi  and  since  that  time  he  has  continued  the  study  of  this  disease. 
Since  the  American  occupation  of  the  Philippines,  both  native  and  Ameri- 
can physicians  have  contributed  valuable  infoi'mation  on  this  subject.  In 
Manila  the  disease  is  known  among  the  natives  under  the  names  of  taon, 
taol,  and  suba.  In  the  United  States  and  in  European  countries  the  in- 
fantile death  rate  is  much  higher  among  artificially  fed  infants  than  among 
those  breast  fed,  while  in  the  Philippines  the  opposite  is  true.  In  1910 
McLaughlin  and  Andrews  wrote : 

"In  the  Philippines  the  mortality  is  greatest  among-  breast-fed  children,  possibly 
because  of  tlie  poor  quality  of  the  mother's  milk.  The  latter  is  proliably  deleterious 
by  reason  of  what  it  lacks  rather  than  because  of  any  harmful  constituent.  Tlio 
average  Filipino  mother  is  in  poor  physical  condition,  many  of  them  are  beriberi e 
and  subsist  upon  a  diet  favorable  to  the  production  of  beriberi.  It  seems  prolmblo 
that  there  is  an  intimate  relation  between  beriberi  of  infants  and  a  mother's  milk 
poor  in  quality  and  lacking  certain  necessary  elements  which  are  not  included  in  tlie 
mother's    dietary.      *      *      ^      ^   possible   solution    of   the   prolilem    lies    '\n    improving 
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the  quality  of  the  mother's  milk  and  encouragiug  the  continuance  of  the  custom 
of  breast-feeding  so  general  among  the  Filipino  poor.  The  improvement  of  the 
physical  condition  of  the  Filipino  mother  and  of  the  quality  of  her  milk  is  an 
economic  question.  Her  condition  is  the  result  of  poverty  and  therefore  insufficient 
and  unsuitable  food,  especially  during  the  periods  of  pregnancy  and  lactation." 

Philippine  beriberic  infants  get  well  if  they  are  taken  from  their  mothers 
and  given  proper  food,  unless  they  die  from  some  gastrointestinal  trouble, 
Avhich  they  are  likely  to  do.  The  proper  thing,  therefore,  is  not  to  take 
the  child  from  its  mother  or  to  deny  it  breast  food,  but  to  supply  the 
mother  with  proper  food.  It  seems  that  the  poor  in  the  Philippines  have 
an  aversion  for  unpolished  rice  and  demand  the  polished  variety.  This 
is  especially  true  in  the  city.  In  the  country  they  prepare  their  rice  daily 
by  pounding  it  on  a  stone,  and  mothers  who  live  upon  this  preparation  do 
not  have  beriberic  children.  In  1912  Andrews  made  a  most  interesting 
experiment.  He  induced  Philippine  mothers  who  were  beriberic  and  who 
had  lost  their  children,  to  nurse  puppies.  The  mother  continued  on  the 
beriberic  diet.    Andrews  states: 

' '  To  sunmiarizc,  all  of  these  puppies  showed  incoordination  and  weakness  of 
the  extremities,  particularly  of  the  hind  legs.  In  all  slight  degeneration  of  the 
peripheral  nerves  by  the  Marchi  method  was  demonstrated.  All  showed  edema  and 
anemia  of  the  subcutaneous  tissues.  These  findings  agree  entirely  with  those  of  the 
infants  dying  of  beriberi.  However  only  one  of  the  puppies  showed  the  dilation 
and  hypertrophy  of  the  right  heart  which  I  have  regarded  as  a  constant  finding 
in  infantile  beriberi.  In  my  opinion  these  experiments  furnish,  therefore,  additional 
evidence  that  the  condition  described  as  infantile  beriberi  is  due  simply  and  solely 
to   the   ingestion   of   the   mothers '   milk. ' ' 

It  is  interesting  to  note  in  this  connection  that  the  mother's  milk  in 
these  cases,  as  shown  by  analyses,  is  quite  normal  so  far  as  protein,  fat,  and 
carbohydrate  are  concerned.  Some  of  the  samples  examined  were  found 
to  be  exceedingly  rich.  This  is  another  indication  that  beriberi  is  not  due 
to  deficiency  in  the  ordinary  foodstuffs,  but  is  due  to  the  lack  of  the  spe- 
cific antiberiberic  substance.  Furthermore,  it  is  worthy  of  note  that  in 
at  least  one  sample  of  the  milk  examined,  the  amount  of  phosphorus 
peutoxid  was  nearly  double  the  average  found  in  woman 's  milk.  Andrews 
states  (1912)  that  fifty  per  cent  of  the  total  deaths  of  Filipinos  in  Manila 
are  of  infants  one  year  of  age  and  under,  and  over  fifty  per  cent  of  these 
are  due  to  infantile  beriberi. 

Dr.  Jose  Albert  informs  us  that  while  in  1912  more  than  one-half  the 
children  born  in  INIanila  died  before  they  reached  one  year  of  age,  in 
1920  this  ratio  had  fallen  to  less  than  one-fifth. 

We  have  referred  to  the  fact  that  there  have  been  many  theories  con- 
cerning the  etiology  of  beriberi.  Some  of  these  are  quite  obsolete,  while 
many  still  have  their  adherents.  It  may  be  interesting  to  merely  state 
some  of  these  theories.    (1)  It  was  held  by  early  Dutch  observers  and  some 
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of  the  English,  that  this  disease  is  due  to  morbific  substances  with  which 
the  water  and  air  become  impregnated.  (2)  It  was  once  suggested  by 
Manson  that  beriberi  is  due  to  a  place  organism  which  distils  a  toxin  into 
the  air  and  that  the  inhalation  of  such  air  induces  the  disease.  (3)  At  one 
time  it  was  held  by  certain  Japanese  physicians  that  beriberi  is  due  to  the 
eating  of  certain  fish  which,  especially  at  certain  seasons  of  the  year,  are 
inherently  poisonous.  (4)  It  was  held  by  Grims  that  this  disease  is  due  to 
the  ingestion  of  infected  air.  (5)  Gelbke  thought  it  due  to  fish  infested 
with  trichinae.  (6)  It  was  quite  widely  held  at  one  time  that  beriberi  is 
a  form  of  pernicious  anemia.  (7)  Some  of  the  early  English  investigators 
in  India  believed  that  beriberi  is  a  form  of  rheumatism.  (8)  Others  were 
convinced  that  it  is  a  modified  scurvy.  ( 9 )  Ross  at  one  time  suggested  that 
it  might  be  due  to  arsenical  poisoning  caused  by  contamination  of  the  grain. 
(10)  Some  thought  that  it  might  be  a  carbon  monoxid  poisoning.  (11)  It 
was  suggested  by  Glogner  that  it  is  due  to  a  Plasmodium.  (12)  Okata 
and  Kokubo  thought  they  had  demonstrated  as  the  causal  agent  a  specific 
diplococcus.  (13)  It  was  held  by  Braddon  that  beriberi  is  due  to  a  specific 
organism  which  develops  on  growing  rice.  (14)  Many  careful  investigators, 
"Wright,  Durham,  Travers,  Scheube,  and  others  have  come  to  the  conclu- 
sion that  it  is  due  to  infected  localities.  (15)  McCarrison  at  one  time  be- 
lieved that  beriberi  results  from  infection  with  Bacillus  suipestifer.  (16) 
It  has  been  suggested  that  a  diet  of  polished  rice  or  white  flour  furnishes 
a  better  medium  for  the  development  of  specific  organisms  that  reside  in 
the  alimentary  canal.  (17)  Beriberi  has  frequently  been  confounded  with 
hookworm  disease,  although  in  many  of  these  instances  the  two  diseases 
have  coexisted  in  the  same  individual.  (18)  At  one  time  it  was  held  by 
Funk  and  Douglas  that  this  disease  is  due  to  abnormal  function  in  the 
endoerin  glands.  (19)  It  was  on  the  theory  that  beriberi  is  due  to  an  un- 
balanced diet,  too  low  in  nitrogen,  that  Takaki  reduced  the  prevalence 
of  this  disease  to  practically  zero  in  the  Japanese  Navy.  (20)  Eylanan 
held  that  the  disease  is  due  to  a  specific  poison  present  in  polished  rice 
which  is  neutralized  by  something  in  the  pericarp.  (21)  It  has  been  re- 
peatedly suggested,  especially  by  Eraser,  Stanton,  and  Schaumann,  that 
beriberi  is  due  to  a  deficiency  of  organic  phosphorus  content  compound. 
(22)  Fales  attributed  this  disease  to  the  inadequate  supply  of  potassium 
carbonate  in  polished  rice.  (23)  Sprawson  thinks  that  beriberi  etiologically 
designates  at  least  three  distinct  diseases,  (1)  due  to  an  infection,  (2)  due 
to  a  food  deficiency,  (3)  due  to  some  general  depressing  influence. 

In  his  recent  (1921)  monograph  on  deficiency  diseases,  McCarrison,  by 
experiments  on  birds,  reaches  the  same  conclusions  that  Sprawson  arrived 
at  from  his  clinical  experiences.  McCarrison  holds  that,  etiologically,  there 
are  three  forms  of  polyneuritis  columbarum:  (1)  Those  due  solely  to 
avitaminosis ;  (2)  those  due  to  avitaminosis  plus  infection;   (3)  those  due 
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solely  to  tlie  infecting  agent.  This  author  finds  that  inoculation  of  pigeons 
with  Bacillus  suipestifer  produces  polyneuritis,  but  that  the  disease  ap- 
pears more  promptly  and  progresses  more  aggressively  when  birds  are  fed 
upon  a  vitamin-deficiency  food.  On  the  other  hand,  birds  may  be  protected 
from  the  infective  type  of  polyneuritis  by  proper  feeding.  McCarrison 
makes  the  following  general  statement : 

"I  consider  that  in  the  presence  of  avitaminosis,  be  it  complete  or  partial, 
infections,  capable  either  of  causing  polyneuritis  themselves  or  of  precipitating  the 
nerve  degeneration  to  which  the  subjects  are  predisposed,  are  liable  to  occur  and 
to  modify  the  etiological,  symptomatic,  and  morbid  anatomical  features  of  this 
malady.  Pathologic  agents,  of  ■whatever  kind,  that  are  capable  of  further  de- 
pressing the  impaired  metabolic  resources  of  the  body,  and  especially  that  of  the 
endocrin  regulators  of  metabolism,  may  be  excitants  of  beriberi,  and  convert  a  state 
of  potential  morbidity  into  one  of  actual  disease.  The  organisms  need  not  always 
be  such  as  will  produce  polyneuritis  on  inoculation,  although  in  some  instances  they 
may  possess  this  power — as  judged  by  the  experience  with  Bacillus  suipestifer.  Many 
of  those  who  have  practiced  in  the  tropics  will  be  familiar  with  cases  of  beriberi 
occurring  as  a  sequel  of  dysentery;  and  while  it  is  possible,  even  probable  in  some 
cases,  that  the  dietaries  employed  in  the  treatment  of  dysentery  may  be  such  as  to 
precipitate  the  onset  of  beriberi  in  persons  predisposed  to  it  by  jirevious  food  con- 
ditions, yet  the  further  possibility  is  not  to  be  overlooked  that  organisms;  having 
themselves  a  specific  action  on  nerve  tissue  may  sometimes  be  the  responsible 
agents    concerned. ' ' 

It  might  be  well  to  state  the  following  general  rules  for  the  prevention 
of  this  disease.  (1)  Live  upon  a  well-balanced  diet.  (2)  Eat  at  least  once 
a  week  one  or  more  of  the  following  foods :  milk,  eggs,  fruit,  fresh  vege- 
tables, spinach,  onions,  carrots,  and  tomatoes.  Do  not  eat  too  largely  of 
highly-milled  grains.  (3)  Avoid  an  excess  of  carbohydrates,  especially  in 
the  form  of  polished  rice,  white  flour,  sago,  cornstarch,  macaroni,  and  cream 
of  wheat.  (4)  Guard  against  a  monotonous  diet ;  seek  variety  in  food.  (5) 
While  an  excess  of  nitrogen  in  the  daily  food  may  not  prevent  beriberi,  a 
deficiency  of  nitrogenous  substances  does  favor  the  development  of  this 
disease.  (6)  Avoid  overcrowding,  especially  in  localities  where  beriberi 
is  endemic. 
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CHAPTER  V 
PELLAGRA 

Description. — Pellagra,  from  the  Italian  words,  pelle  (skin)  and  agra 
(rough),  is  a  chronic,  wasting,  endemic  disease,  exhibiting  marked  skin 
lesions  accompanied  by  digestive  disturbances  and  developing  nervous 
abnormalities  which  frequently  terminate  in  insanity.  It  is  a  recur- 
rent disease  with  seasonable  exacerbations,  most  marked  in  the  spring 
of  the  year.  It  is  most  prevalent  among  peoples  who  subsist  largely 
upon  unbalanced  diets  in  which  proteins,  especially  animal  proteins, 
are  deficient. 

History. — The  first  recorded  recognition  of  this  disease  was  published 
by  a  Spanish  physician,  Casal,  who  observed  and  described  it  as  it 
existed  in  the  province  of  Asturia  in  northwestern  Spain  for  the  30  years 
following  1730.  Casal  described  this  disease  under  the  name  "mal  de 
la  rosa,"  and  called  attention  to  the  fact  that  Indian  corn  or  maize  was 
a  staple  article  of  diet  among  those  affected.  In  1771  the  Italian  physi- 
cian, Prapolli,  wrote  a  monograph  on  this  disease  and  gave  it  the  name 
which  it  still  bears.  From  that  time  up  to  the  present  Italian  medical  litera- 
ture has  been  replete  with  contributions  founded  upon  observations  of 
those  suffering  from  pellagra.  In  1818  it  was  observed  in  the  province 
of  Gascony  in  France.  Here,  as  in  Spain  and  Italy,  it  followed  the 
introduction  of  maize  as  a  food.  It  is  claimed  that  it  continued  in  France 
as  long  as  maize  was  so  used  and  that  it  gradually  disappeared  as  the 
use  of  this  food  was  discontinued.  In  1830  it  was  first  reported  in 
Roumania.  It  is  probable  that  in  each  of  these  countries  the  disease  had 
existed  and  had  become  endemic  before  it  was  recognized  and  reported. 
In  1875  it  was  detected  on  the  Island  of  Corfu,  and  in  1888  in  Bukowina 
and  in  Hungary.  About  the  same  time  it  Avas  found  to  be  quite  widely 
distributed  over  Austria,  especially  in  those  provinces  inhabited  by 
Roumanians.  In  1894  it  became  quite  widely  disseminated  throughout 
the  Russian  province  of  Bessarabia,  also  largely  inhabited  by  Rou- 
manians. In  1892  its  occurrence  in  Mexico  was  first  announced,  and  a 
few  years  later  it  had  become  quite  common  in  Yucatan.  In  1902, 
Harris,  of  Atlanta,  reported  a  case  of  hookworm  disease  in  an  individ- 
ual presenting  typical  symptoms  of  pellagra.  This  did  not  attract  wide 
attention,  and  the  physicians  of  this  country  did  not  become  aware  of 
the  extensive  prevalence  of  pellagra  in  the  southern  states  until  190fi, 
when  it  was  detected  by  Searcy  in  the  Alabama  Asjdum  for  Negroes. 
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Babcock,  medical  superintendent  of  an  insane  asylum  in  South  Carolina, 
took  up  the  matter  and  found  in  his  institution  a  number  of  cases  of 
the  disease.  Furthermore,  going  back  over  the  records  of  the  institution 
he  satisfied  himself  that  pellagra  dates  back  to  the  time  of  the  estab- 
lishment of  that  asylum  in  1828.  However,  as  Harris  points  out,  skin 
lesions  and  intestinal  disturbances  among  the  insane  are  so  common  and 
so  varied  as  to  justify  some  hesitation  in  accepting  this  evidence  con- 
cerning the  early  existence  of  pellagra  in  this  country. 

Etiology. — The  first  question  that  naturally  arises  is  that  of  the  trans- 
missibility  from  person  to  person  of  the  disease.  Italian  physicians  have 
made  many  contributions  upon  this  subject,  and  from  time  to  time  the 
discovery  of  the  specific  infecting  organism  has  been  announced.  The 
literature  is  immense,  but  it  is  unnecessary  to  even  abstract  it  because 
no  claim  to  the  discovery  of  a  causal  organism  has  stood  the  test  of 
time.  Every  excretion,  secretion,  and  tissue  of  pellagrins  has  been 
introduced  into  monkeys  of  different  species  in  every  conceivable  way, 
and  in  no  instance  has  pellagra  resulted.  Moreover,  experiments  of  this 
kind  have  not  been  confined  to  monkeys,  but  have  found  numerous 
volunteers  among  students  and  experimenters  who  have  submitted  them- 
selves.to  such  inoculations,  and  the  result  has  been  uniformly  negative. 
So  far  as  the  evidence  goes  up  to  the  present  time  (1922),  there  is 
absolutely  no  justifiable  support  of  the  theory  that  pellagra  is  due  to 
infection  of  any  kind,  either  bacterial  or  protozoal.  This  theory,  there- 
fore, can  be  dismissed  for  the  present  at  least. 

The  statements  of  Roberts  concerning  the  nontransmission  of  this  dis- 
ease may  be  condensed  as  follows:  (1)  It  is  a  rural  disease  and  al- 
though many  pellagrins  visit  the  city,  the  urban  population  is  not  in- 
fected. (2)  In  large  families  it  often  happens  that  only  one  or  two 
are  affected.  (3)  There  is  no  recorded  case  in  which  physician  or  nurse 
in  constant  attendance  on  pellagrins  has  acciuired  this  disease.  (4)  In 
Italy  pellagrous  women  frequently  serve  as  wet  nurses  without  harni 
to  the  child. 

Early  in  the  history  of  this  disease  it  was  suggested,  as  has  been  of 
almost  all  epidemic  diseases,  that  it  results  from  a  miasm.  At  first,  this 
was  only  an  indefinite  theory,  but  even  in  this  form  it  was  long  ago  dis- 
carded by  the  more  intelligent  and  observant  Italian  physicians.  In 
1910  the  insect-borne  theory  in  more  concrete  form  Avas  advanced  by 
Sambon,  an  English  physician,  who,  on  a  hurried  visit  to  Italy,  an- 
nounced that  he  had  discovered  that  pellagra  is  transmitted  by  a  small 
gnat  belonging  to  the  genus  Simulium.  Few  experienced  pellagrologists 
have  accepted  this  announcement  made  by  Sambon,  and  some,  with  more 
or  less   reason,   have   treated  the   proponent   of   this  idea   with   severe 
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criticism,  as  is  shown  by  the  following  quotations.  Harris,  of  Atlanta, 
who  has  given  a  large  part  of  his  professional  life  to  the  study  of  this 
disease,  writes  as  follows: 

"Without  any  practical  acquaintance  with  pellagra  worth  speaking  of,  clearly  ignor- 
ing the  enormous  amount  of  work  that  has  been  done  on  the  etiology  of  this  malady, 
Sambou  some  years  ago  halted  long  enough,  in  a  flying  trip  across  Italy,  to  inform  an 
expectant  world,  even  by  telegraph,  that  he  had  discovered  the  cause  of  pellagra.  Before 
leaving  England,  he  in  some  way  succeeded  in  having  a  'pellagra  commission'  formed, 
though  his  writings  do  not  make  clear  just  how  this  was  done.  On  this  commission  were 
some  of  the  gi*eatest  names  of  contemporary  medicine,  and  undoubtedly  if  any  other 
of  its  members  had  taken  part  in  the  work  the  results  w^ould  have  been  far  diiferent. 
As  it  was,  Sambon  appears  to  have  proceeded  alone  to  Italy,  whence  in  a  few  days,  as 
before  stated,  he  announced  the  discovery  of  the  cause  of  pellagra,  and  the  method 
by  which  it  is  transmitted.  It  would  appear  that  he  left  his  own  country  obsessed 
with  the  idea  that  pellagra  is  an  infectious  disease  transmitted  from  man  to  man  by 
some  biting  insect,  and  with  admirable  quickness  of  decision  he  immediately  inculpated 
a  wholly  suppositious  parasite  and  assumed  that  it  is  transmitted  by  one  of  the  small 
gnats  of  the  genus  Simulium — all  of  which  are  affirmed  without  a  shadow  of  proof,  and 
in  direct  contradiction  of  the  general  laws  which  we  know  usually  govern  the  develop- 
ment and  diffusion  of  those  animal  organisms  that  are  transmitted  by  intermediate 
hosts. " 

Babes,  of  Bucharest,  writes  as  follows: 

"An  English  commission,  which  had  probably  never  before  seen  pellagra,  on 
arriving  in  a  region  where  the  disease  was  common,  and  after  seeing  the  pellagrins, 
and  observing  that  there  w^as  a  small  gnat  which  produced  a  redness  on  the  skin  im- 
mediately after  biting,  promptly  telegraphed  to  the  world  that  the  insect  was  tlie 
cause  of  pellagra. ' ' 

As  to  Sambon 's  work  as  an  epidemiologist,  it  must  speak  for  itself, 
but,  that  he  has  some  reputation  among  recognized  authorities,  is  shown 
by  the  statement  made  by  Castellani  and  Chalmers  in  the  1919  edition 
of  their  Manual  of  Tropical  Medicine.  These  authors  evidently  think 
that  there  is  important  evidence  in  favor  of  Sambon 's  contention.  They 
claim  that  pellagra  is  most  common  in  the  vicinity  of  running  streams 
and  that  probably  it  is  transmitted  by  some  insect  breeding  in  such 
streams.     They  say : 

"In  general  it  may  be  stated  that  inquiries  of  this  nature  show  that  by  far  the 
larger  number  of  cases  occur  in  country  districts,  and  not  in  towns,  and  that  the 
densest  localization  is  in  houses  near  or  alongside  streams.  In  fact,  study  the  locali- 
zation in  what  country  you  will,  as  we  have  done  in  France,  Spain,  Italy,  Austria, 
Hungary,  Roumania,  and  Egypt,  and  it  is  impossible  not  to  be  impressed  with  the 
relationship  between  pellagra  and  water.  Generally  the  water  is  moving,  and  often 
it  is  moving  rapidly,  but  this  last  does  not  appear  to  be  absolutely  necessary.  As 
a  rule,  the  nearer  the  dwellings  are  to  such  water,  the  greater  the  number  of  cases. 
Cases  do,  however,  occur  at  a  distance  from  water,  but  inquiry  will  often  demon- 
strate that  the  affected  people  work  near  or  have  been  in  some  way  connected  with 
a  stream.  Cases  do  occur  in  towns,  but  they  are  relatively  few,  and  careful  inquiry 
will    usually   recall    a    perhaps    almost    forgotten    fact    that    the   disease   really    began 
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after  some  visit  to  tlie  country.  Inquiries,  however,  must  be  made  with  care,  other- 
Avise  wrong  impressions  may  be  obtained.  One  of  the  most  interesting  cases  -w'hich 
we  have , met  with  was  that  of  a  young  boy  wlio  was  supposed  never  to  have  left  a 
large  town,  and  yet  was  suffering  from  pellagra.  Careful  inquiry  elicited  the  fact 
that  he  was  in  the  habit  of  going  for  a  day  or  so  every  year  to  stay  with  some  rela- 
tives who  lived  in  a  pellagrous  area,  and  the  time  of  year  chosen  for  this  visit  was 
one  in  which  acute  cases  occurred.  In  a  locality  pellagra  usually  occurs  among  the 
poor,  especially  among  field  laborers;  but  it  may  also  occur  among  the  rich  and 
among  persons  who  habitually  work  indoors;  it  is,  however,  usually  not  difficult 
to  trace  a  relationship  between  the  commencement  of  the  disease  and  a  visit  or 
residence  in  some  pellagrous  area,   and   very   often,   again,   a   relationsliip   to   water." 

Castellani  and   Chalmers  make  the  following  further  statement: 

"With  regard  to  the  theory  of  a  biting  fly,  Sambon  is  supported  by  the  inquiry 
into  the  pellagra  of  the  Island  of  Burano  made  by  himself.  Colonel  B'clli,  and  one 
of  us,  in  wliich  it  was  found  that  the  fishermen  and  the  boya  who  went  fishing  with 
them,  were  attacked  by  the  disease,  while  the  men  who  worked  in  the  Venice  Arsenal 
were  said  by  the  medical  authorities  to  be  free  from  the  disease.  The  women,  the 
girls,  and  the  young  children  showed  no  signs  of  pellagra,  with  the  exception  of  two 
or  three  women,  who  gave  a  history  of  working  on  the  mainland  or  on  other  islands 
adjoining.  Many  of  these  young  children,  girls,  and  even  women,  were  alleged 
never  to  have  moved  from  Burano,  with  the  exception  in  some  instances  of  an 
occasional  visit  to  Venice.  These  points  are  contrary  to  the  maize  theory,  as  all 
the  inhabitants  of  Burano  eat  maize.  They  are  also  against  an  hereditary  transmission 
of  the  disease,  for  with  pellagrous  fathers  it  would  be  imagined  that  the  young- 
children  should  show'  signs  of  pellagra,  especially  as  the  male  influence  is  said  to 
be  preponderant  by  those  who  believe  in  the  heredity  of  pellagu'a.  They  are  against 
sexual  infection,  as  the  women  w'ould  acquire  the  disease;  they  are  against  infection 
by  contact,  by  kissing,  etc.,  because  certain  men  and  boys  have  the  disease,  but  the 
women  and  girls  are  remarkably  free;  they  are  against  a  parasite  being  carried  from 
the  sick  to  the  healthy  by  house  parasites,  such  as  bugs  or  fleas,  or  personal  para- 
sites, such  as  lice.  The  difference  between  the  persons  who  suffered  from  pellagra 
on  Burano  and  those  who  did  not,  appeared  to  be  the  fact  that  the  former  either 
worked  upon  other  islands  or  fished  on  the  lagoon  and  up  the  streams  leading  into 
the  lagoon.  On  the  other  islands  and  on  terra-firnia  there  are  plenty  of  pellagrins, 
and  everywhere  there  is  a  history  of  small  black  biting  flies  occurring  on  quiet  days 
in  the  early  morning-  or   late   evening. ' ' 

Similar  instances,  which  he  interprets  in  favor  of  his  theory,  are  given 
by  Sambon  in  his  progress  report  on  the  investigation  of  pellagra  pub- 
lished in  1910.  Undoubtedly,  Sambon  was  premature  in  his  announce- 
ment incriminating  a  gnat  of  the  genus  Simulium  in  the  transmission  of 
pellagra,  and  it  seems  to  us  that  the  weight  of  evidence,  especially  that 
furnished  by  the  researches  of  Goldberger,  is  in  favor  of  the  theory  that 
pellagra  is  not  a  transmissible  disease  but  is  due  to  an  unbalanced 
dietary.  This  opinion,  we  do  not,  however,  hold  as  final.  The  problem 
of  the  causation  of  this  disease  is  still  without  decisive  and  unquestion- 
able solution.  It  is  possible  that  there  may  be  two,  and  even  more, 
factors  concerned  in  the  causation  of  the  disease.  While  Goldberger  and 
his  assistants  inoculated  lower  animals,  including  apes,  and  even  them- 


PELLAGRA  93 

selves,  witli  every  secretion  and  excretion  from  pellagrins  Avitli  negative 
results,  the  effects  might  have  been  different  had  the  experimental 
animals  and  the  men  been  previously  prepared  by  long  continued  feed- 
ing upon  an  unbalanced  diet. 

In  1910,  Long,  having  found  amoebae  in  the  stools  of  50  persons  out 
of  52  suffering  from  pellagra,  suggested  that  the  disease  might  result 
in  consequence  of  injury  to  the  intestinal  mucosa  by  these  parasites. 
That  pellagrins  frequently  are  infested  with  amoebae  there  can  be  no 
doubt,  but  this  does  not  establish  in  any  way  a  causal  relationship  be- 
tween these  parasites  and  the  disease.  Thousands  of  people  carry  amoebae 
in  their  intestines  without  developing  pellagra ;  on  the  other  hand,  thou- 
sands of  pellagrins  never  carry  amoebae.  Moreover,  even  the  intestinal 
lesions  are  not  the  same  in  the  two  diseases. 

The  geographical  distribution  of  pellagra  coincides  very  closely  with  " 
that  of  the  use  of  maize  as  a  human  food.  Moreover,  as  has  been 
shown  by  the  history,  the  discovery  of  pellagra  in  various  parts  of  the 
world  has  followed  the  introduction  of  the  use  of  maize  as  a  food  in  the 
several  countries.  These  facts  are  so  striking  that  most  of  the  theories 
concerning  the  causation  of  pellagra  are  based  in  one  way  or  another 
upon  the  use  of  Indian  corn.  ]\Iaize  theories  hav^e  been  put  forth  in 
a  great  A-ariety  of  forms,  some  of  which  it  shall  be  necessary  for  us  to 
consider. 

It  was  first  suggested  by  Fanzago  in  1807  that  maize  is  the  cause  of 
pellagra,  because  this  food  is  lacking  in  some  constituent  necessary  for 
the  proper  maintenance  of  health.  This  theory  does  not  presuppose 
the  presence  of  any  poison  in  the  maize ;  it  simply  assumes  the  lack  of 
some  constituent  essential  to  a  well-balanced  diet.  It  is  a  well-estab- 
lished fact  that  proteins  are  made  up,  or  are  polymers,  of  amino  acids, 
and  in  order  that  the  tissues  of  the  body  may  be  properly  constructed, 
the  proteins  of  the  food  must  not  only  contain  all  the  amino  acids  needed 
in  the  construction  of  muscle,  nerve,  etc.,  but  must  contain  these  amino 
acids  in  sufficient  quantity.  Now,  the  chief  protein  in  maize  is  zein.  It 
has  been  shown  by  animal  experimentation  that  when  zein  is  the  only 
protein  in  the  food,  health  and  life  cannot  be  maintained.  At  least  two 
amino  acids,  tryptophan  and  lysin,  are  essential  to  the  growth  of  young 
animals  and  to  the  maintenance  of  health  in  adults.  Neither  of  these 
is  found  in  zein.  There  must  be  something  else  lacking  in  zein,  however,  be- 
cause when  these  amino  acids  are  added  to  the  food  containing  zein  the 
mixed  product  does  not  support  health  and  growth.  It  will  be  seen  from 
these  statements  that  maize,  whether  it  causes  pellagra  or  not,  should  not  be 
the  sole,  nor,  indeed,  the  chief  protein  in  man's  food.  We  are,  hoAvever, 
compelled  to  state  that  up  to  the  present  time  there  has  been  no  sue- 
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cessful  attempt  to  induce  anything  like  pellagra  in  animals  by  feeding 
upon  maize.  The  effects  of  such  food  upon  man  will  be  discussed  later. 
In  1814  it  was  suggested  by  Guerreschi  that  maize,  while  in  and  of 
itself  harmless,  becomes  poisonous  on  account  of  fungous  growths  or 
molds  liable  to  form  both  in  the  unground  and  the  ground  grain,  es- 
pecially in  the  spring.  This  modification  of  the  maize  theory  presupposes 
the  formation  of  one  or  more  poisons  in  the  maize  by  the  growth  of 
molds.  Much  laboratory  experimental  work  has  been  expended  on 
this  theory,  the  most  noted  exponent  of  which  has  been  the  great  Italian 
criminologist,  Lombroso.  Italian  pellagrologists,  upholding  this  theory, 
point  to  the  fact  that  pellagra  is  unevenly  distributed  in  Italy,  even 
among  those  communities  subsisting  largely  upon  maize.  This  is  known 
as  the  ''bad"  maize  theory.  The  original  proponents  of  this  theory 
point  out  the  strong  resemblance  between  pellagra  and  ergotism  and 
urge  the  probability  of  the  two  resulting  from  related  agencies.  As  is 
well  known,  ergot  is  a  fungus  growing  on  grain,  especially  on  rye.  All 
attempts,  however,  to  test  this  theory  by  practical  demonstration  have 
failed.  Moldy  meal  and  decomposed  corn  meal  mush  have  been  ex- 
tracted with  all  kinds  of  solvents  and  the  extracts  injected  into  man. 
One  of  America's  most  distinguished  pellagrologists,  Harris,  of  Atlanta, 
supports  this  theory  in  somewhat  modified  form.  He  states  the  reasons 
for  his  belief  as  follows: 

"(1)  It  may  be  affii'med  as  a  fact  that  pellagra  existed  in  no  country  before  the 
introduction  of  maize  as  a  food.  (2)  That  there  are  existing  no  records  that  show 
that  this  disease  made  its  appearance  in  any  place  until  this  cereal  had  been  used 
commonly  as  a  food  for  approximately  two  or  more  generations.  (3)  That  following 
the  introduction  of  Indian  corn  into  France  pellagra  became  common  in  those  provinces 
where  it  was  usually  eaten.  About  the  middle  of  the  last  century,  owing  to  the  teach- 
ing of  the  French  pellagrologists,  maize  was  abandoned  as  a  food  for  man,  and 
pellagra  gradually  disappeared — the  last  case  having  been  reported  in  1902.  (4) 
Pellagra  has  nowhere  occurred  in  its  endemic  form  except  in  those  places  where 
Indian  corn  is  or  has  been  consumed  as  food  by  man,  and,  with  the  possible  exception 
of  the  tropics,  this  grain  has  been  nowhere  eaten  where  pellagra  did  not  sooner  or 
later  appear.  Even  in  the  tropics  the  consumer  of  maize  shows  a  high  degree  of 
degeneration.  (5)  If  maize  produces  pellagra  this  result  must  be  the  consequence 
of  intoxication.  (6)  We  know  that  one  of  the  constituents  of  maize  is  a  tox-albumin 
— zein — and  that  it  also  contains  poisonous  ferments,  and  that  it  is  possibly  poor  in 
the  so-called  vitamins;  furthermore,  in  practically  all  instances  where  it  is  used  as 
a  food  in  spring  or  autumn  it  contains  mold  toxins  (phenols).  (7)  In  the  amounts 
usually  contained,  these  poisons  produce  little  or  no  immediate  effect,  but  it  is  wholly 
probable  that  their  use  throughout  life,  and  from  generation  to  generation,  must  be 
followed  by  evil  consequences.  (8)  It  is  certain  that  chronic  intoxications  are 
highly  hereditary.  (9)  It  is  known  that  in  about  50  per  cent  of  cases  those  who 
have  pellagi'a  are  the  offspring  of  parents,  one  or  the  other,  or  both  of  whom,  have 
had  the  classic  symptoms  of  this  disease.  (10)  As  pellagra  frequently  occurs  without 
any  of  the  classic  symptoms,  is  it  not  possible  that  many,  or  even  all,  of  the  remain- 
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ing  50  per  cent  of  its  victims  are  the  progeny  of  those  who  are  afflicted  with  this 
mild  form  of  the  malady?  Aceordiag  to  the  author's  hypothesis  this  is  assumed  to 
be  true,  and  therefore  pellagra  in  j)ractically  all  cases  is  thought  to  be  hereditary. 
(11)  This  view  is  greatly  strengthened  by  the  fact  that  all  practical  pellagrologists 
of  the  old  world — ^where  clinical  data  on  this  disease  have  been  collected  for  nearly 
two  centuries — ^unanimously  hold  that  pellagra  always  lasts  throughout  life, — it  being 
in  truth  the  most  chronic  and  intractable  of  all  diseases." 

It  will  be  seen  from  the  above  quotation,  that  Harris  believes  that 
pellagra  results  from  an  intoxication  caused  by  poisons  developed  in 
maize  by  molds  or  other  low  forms  of  life;  that  such  intoxications  do 
not  result  in  pellagra  during  the  first  generation,  but  that  the  disease 
develops  in  the  second  or  third  generation,  especially  when  two  or  three 
generations  have  continued  to  eat  maize;  or  in  other  words,  to  take  the 
poison.  As  we  understand  it,  Harris  believes  that  pellagra  may  occur 
among  people  who  have  not  eaten  maize,  provided  this  grain  formed 
an  important  constituent  of  the  diet  of  their  ancestors.  While  it  is  true 
that  certain  chronic  intoxications  produce  deleterious  effects  which  are 
transmitted  to  offspring,  it  is  rather  difficult  to -believe  that  pellagra  is, 
even  in  any  considerable  percentage  of  the  cases,  due  to  the  physio- 
logic sins  of  ancestors. 

There  is  a  smut  (urido  maydis)  which  grows  upon  corn,  seldom  abun- 
dantly, but  more  freely  in  certain  years.  It  has  been  suggested  that 
pellagra  may  be  due  to  the  mixture  of  this  smut  Avith  food.  Moreover, 
it  is  assumed  that  this  smut  is  carried  into  the  homes  where  the 
spores  find  their  way  into  the  meal  chest,  the  mush,  or  any  other  of  the 
many  forms  in  which  corn  is  served  as  a  food.  The  reason  that  pellagra 
is  more  common  among  the  poor  is  explained  by  supposing  that  their 
simple  habitations  become  more  thoroughly  infested  with  these  spores 
than  do  the  homes  of  the  well-to-do.  There  is  no  basis  of  experimentation 
for  this  theory  and  it  may  be  dismissed  as  without  support. 

During  the  seventh  decade  of  the  last  century,  the  distinguished 
Italian  toxicologist,  Selmi,  awakened  the  attention  of  the  world  by  his 
researches  on  the  products  of  putrefaction.  He  believed  that  poisons  are 
produced  in  corn  and  corn  meal  by  bacterial  growths.  The  theory  of 
Selmi  served  a  useful  purpose  in  stimulating  a  study  of  the  chemistry 
of  putrefaction,  but  all  attempts  to  isolate  the  pellagragenic  poison  have 
failed. 

In  1915,  Goldberger  and  Wheeler,  of  the  U.  S.  Public  Health  Service, 
made  an  experiment,  attempting  to  produce  pellagra  in  healthy  men. 
This  experiment  Avas  carried  out  at  the  farm  of  the  Mississippi  State 
Penitentiary,  a  few  miles  east  of  Jackson.  On  an  isolated  spot  in  this 
farm  of  3200  acres,  there  is  a  prison  camp,  with  cottages  for  officials, 
a  hospital,  barn,  stables,  etc.     During  the  period  of  the  experiment  there 
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^v('^('  (iii;ift(M'(Ml  ;i1  tliis  camp  an  a\(M'ag('  of  1)oI\vo(mi  70  and  80  convicts, 
all  white  males.  In  tliis  nninber  were  twel\c,  avIu),  accei)lin<>'  a,n  offer 
of  pardon  made  tliem  hy  (lovei-nor  Brewei-  and  Avitli  the  assnrance  of 
proper  cave  and  trealment  shonld  sucli  he  needed,  volunteered  to  submit 
themselve,-;  to  the  experinuMtt.  '^IMumu^  had  nev(>r  been  a  ease  of  pellagra 
on  the  fai-m. 

The  twelve  nuMi  Mere  ((uartei'cd  in  Avhat  was  called  the  "ncAV  lios- 
pital  building,"  a  small  screened  one-story  cottage  about  500  feet  from 
the  "cage"  in  which  the  other  convicts  were  domiciled.  From  the  time 
of  its  organization  the  squad  Avas  strictly  segregated  and  under  guard 
day  and  night.  From  Febiniary  4  to  Ai)ril  19,  1915,  these  men  were 
kept  under  observation  without  any  change  in  diet.  TTaving  detected 
no  evidence  of  pellagra  during  this  pindimiiuiry  period  and  having  estab- 
lished the  d(^sired  rontiiu'  of  woi'k  and  discipline,  the  diet  Avas  changed 
at  noon  April  19,  1915.  On  flnly  1,  1915,  one  of  the  men  was  discharged 
from  the  squad  on  account  of  prostatitis.  This  left  eleven,  with  ages 
I'unning  from  24  to  50  years,  A\ho  remaiiuHl  on  the  j)rescribed  diet 
until  October  31,  1915. 

The  quality  and  quantity  ol!  I'ood  consunuul  Aveekly  by  these  men 
A\ere  as  folloAVS : 

"Risi-uits,  41.SI  ll)s. ;  corn  liroad,  24.,')fi  lbs.;  ffvits,  OT.OG  lbs.;  rico,  24.25  lbs.;  fried 
mush,  ;5.'1.S7  lbs.;  brown  gravy,  o7.Sl  llis. ;  sweet  i^otatoes,  28.62  lbs.;  cabbage,  4.25  lbs.; 
collards,  2;?. 75  lbs.;  cane  syrup,  5.04  ll)s. ;  making  a  total  of  255.67  lbs.  of  food  con- 
sumed during  the  weelc,  or  I5.32  lbs.  per  man  per  day,  having  a  caloric  \'aluc  of  2,952 
'calories  per  man  per  day.  The  sugar  Avas  white  granulated,  the  syrup  home-made  cane 
syrup.  No  A^egetalile  fats  entered  into  the  diet.  Tlu^  corn  aneal  grits  were  ol'  the  best 
quality  obtainable  in   the  local   market.'' 

The  Aveekly  Avork  ])errorme(l  by  these  men  Avas  as  folloAvs:  White- 
Avashing  fences  and  buildings,  tAvo  and  one-hall'  days;  saving  lumber, 
tAvo  days,  resting  Iavo  and  one-half  days. 

The  entire  population  of  the  camp  Avas  kept  under  observation  and 
serA^ed  as  controls.  The  Avork  doiu'  by  the  A'olunteers  Avas  about  the 
same  as  that  done  by  the  other  convicts,  such  dilferences  as  existed  Avere 
in  faA^ir  of  tlie  volunteers,  especially  during  the  latter  part  of  the  experi- 
mental period.  The  general  sanitary  environment  Avas  the  same  for 
volunteers  and  controls,  but  th(>  hygienic  emii'oiunent — personal  cleanli- 
ness, cleanliness  of  quarters,  freedom  from  insiM'ts,  es]iecially  bedbugs — 
Avas  decidedly  in  favor  of  the  A'olunteers. 

Of  the  eleven  men  on  the  aboA'e  given  diet  not  less  than  six  developed 
symptoms,  including  a  typical  dermatitis,  justifying  a  diagnosis  of 
pellagra.  The  nerA'ous  and  gastrointestinal  symptoms  Avere  mild  but 
distinct.  The  dermatitis  Avas  hrst  noted  betAveen  September  12  and  24, 
1915,  or  not  later  than  live  months  after  tlie  beginning  of  the  restricted 


PELLAGRA  97 

diet.  The  skin  lesion  was  first  recognized  in  all  cases  on  the  scrotum. 
Later,  lesions  appeared  on  the  backs  of  the  hands  in  two  cases  and 
the  back  of  the  neck  in  one  case.  A  diagnosis  of  pellagra  in  these  cases 
was  concurred  in  by  Dr.  E.  H.  Galloway,  secretary  of  the  Mississippi  State 
Board  of  Health,  Dr.  Nolan  Stewart,  formerly  superintendent  of  the 
Mississippi  State  Hospital  for  the  Insane  at  Jackson,  Dr.  Marcus  Haase, 
professor  of  dermatology  in  the  University  of  Tennessee,  and  Dr.  Martin 
F.  Engman,  professor  of  dermatology  in  the  Washington  University  Med- 
ical School,  St.  Louis,  Mo. 

From  these  experiments,  Goldberger  and  Wheeler  concluded  that  pel- 
lagra had  been  caused,  in  at  least  six  of  the  eleven  volunteers,  as  the 
result  of  the  restricted  diet  on  which  they  subsisted.  McCollum  thinks 
that  the  dietary  used  in  this  experiment  was  deficient  in  three  partic- 
ulars: (1)  Amino  acids;  (2)  inorganic  salts;  and  (3)  fat-soluble  vitamin 
A. 

About  the  same  time,  Goldberger  was  given  charge  of  two  colored 
wards  and  one  white  ward  in  the  large  insane  asylum  at  Milledgeville, 
Ga.  For  two  years  the  occupants  of  these  wards  had,  in  addition  to 
the  asylum  diet,  meat  and  milk  furnished  by  the  U.  S.  Public  Health 
Service.  During  this  time  all  pellagrins  in  these  wards  were  relieved 
of  cutaneous  and  intestinal  symptoms  indicative  of  pellagra,  but  their 
insanity  was  in  no  way  benefited.  Moreover,  pellagrins  admitted  to 
these  wards  lost  the  skin  and  intestinal  symptoms  within  six  months 
after  being  placed  on  the  more  liberal  diet.  There  was  no  seasonal 
return  of  the  disease  or  its  manifestations  among  those  afflicted  and 
placed  in  these  wards,  while  in  other  wards  like  improvements  were 
not  observed. 

In  addition  to  the  above  given  experiments  and  observations,  Gold- 
berger had  charge  of  a  hospital  for  pellagrins  at  Spartanburg,  S.C.  In 
this  institution  the  disease  was  studied  and  the  only  attempt  to  alleviate 
the  symptoms  was  in  the  improved  diet.  Quite  naturally,  the  conditions 
for  the  control  of  the  patients  were  not  so  favorable  as  in  the  insane 
asylum  at  Milledgeville ;  however,  Goldberger  is  convinced  that  his  theory 
is  supported  in  the  results  obtained  at  Spartanburg.  It  should  be  said 
that  Goldberger  does  not  claim  that  maize  in  the  food  is  essential  to  produce 
pellagra.  He  thinks  that  the  disease  is  due  to  an  unbalanced  diet  in  which 
proteins,  especially  animal  proteins,  are  deficient.  He  points  out  that  it 
is  not  only  necessary  that  people  should  be  provided  with  a  balanced  food, 
but  that  they  should  eat  it.  Taste  for  food,  or  for  certain  foods,  seems  to 
be  a  cultivated  habit.  It  was  currently  reported  in  the  army  camps  in 
1917  and  1918  that  those  young  men  who  had  been  subsisting  for  many 
years  upon  such  an  unbalanced  diet  as  that  given  by  Goldberger  to  his 
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volunteers,  objected  to  a  more  varied  food,  and  but  slowly  and  reluctantly 
acquired  the  habit  of  enjoying  a  more  generous  ration.  It  has  been  ob- 
served in  Italy  and  in  other  countries  in  which  this  disease  has  prevailed, 
that  young  men  with  the  early  symptoms  of  it  enlisted  in  the  army  and 
placed  ov  the  army  ration,  lose  the  evidences  of  the  disease,  become  quite 
normal,  and  suffer  no  seasonal  recurrence.  Apparentl}",  this  observation  is 
in  accord  with  the  claim  of  Goldberger  and  his  associates. 

The  cause  of  the  skin  lesions  has  received  great  attention  and  has  awak- 
ened much  discussion  in  all  pellagrous  countries,  especially  in  Italy.  These 
lesions  so  closely  resemble  those  of  sunburn  that  it  is  not  strange  that  even 
the  earliest  Italian  writers  on  this  subject  should  have  concluded  that  they 
are  due  to  insolation.  Gherardini  wrote  as  follows  on  the  subject  many 
years  ago : 

"I  was  able  to  witness  this  action  of  the  sun  on  certain  pellagrins  in  our  hosj^ital, 
who  had  permission  from  their  physician  to  go  wherever  they  pleased.  By  means 
of  small  gifts  and  by  persuasion  I  succeeded  in  getting  a  number  of  these  patients 
to  sit  day  after  day  for  several  hours  with  always  the  same  j)art  of  the  body  exposed 
to  the  direct  action  of  the  June  sun.  After  some  days  it  was  found,  somewhat  to 
my  embarrassment  and  still  more  to  theirs,  that  the  parts  had  become  red  and 
shiningi,  some  being  swollen  and  others  not,  the  same  being  accompanied  by  a  feeling 
cf  discomfort  and  a  burning  and  itching;  finally  they  became  weak,  the  skin  of  their 
faces  reddened,  and  they  complained  of  vertigo. ' ' 

Later,  this  matter  was  more  scientifically  studied  by  Bouchard,  and  espe- 
cially by  Eaymond.  The  former  covered  a  part  of  the  arm  of  a  pellagrous 
patient  with  a  diachylon  ointment,  leaving  a  spot  in  the  center  bare. 
He  found  that  only  the  unprotected  area  developed  the  erythema,  and  came 
to  the  conclusion  that  the  skin  lesions  result  from  the  sun's  action.  Ray- 
mond is  of  the  opinion,  which  seems  to  be  justified,  that  the  sunlight  plays 
a  part  in  the  production  of  pellagraderms,  but  is  equally  certain  that  it  is 
not  the  sole  cause.  He  concludes  that  the  sun  produces  the  effects  as  a 
consequence  of  the  weakened  condition  of  the  tissues  resulting  from  the 
pellagrous  processes. 

Harris  writes  as  follows  upon  this  point : 

"It  is  likewise  the  experience  of  the  author  that  pellagi-aderms  frequently  have 
their  origin  in  exposure  to  the  sun,  it  being  an  exceedingly  common  occurrence  for 
intelligent  patients  to  assert  positively  that  their  trouble  began  in  this  way — tliis 
particularly  occurring  in  those  who  do  not  habitually  labor  in  the  fields,  buti  who 
suddenly  emerge  from  the  confinement  of  the  winter  and  engage  in  outdoor  work. 
Even  after  a  few  hours'  exposure,,  particularly  in  the  spring,  pellagrous  patients 
often  develop  the  erythema,  and  strange  to  say,  this  is  almost  invariably  quickly 
followed  by  the  other  constitutional  symptoms  of  the  disease.  It  is  likely,  as  the 
expei-iments  of  Gosio  would  seem  to  indicate,  that  toxins  are  produced  in  the  body 
as  a  result  of  the  skin  lesions.  It  is  also  probable  that  the  resistance  of  these 
patients  is  so  lowered  that  the  slightest  disturbance  is  followed  by  the  develoi^ment 
of  symptpms  in   other  parts  of  the  body. ' ' 
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It  is  quite  certain  that  exposure  to  the  sun's  rays,  especially  in  the 
spring,  has  some  influence  upon  the  development  of  the  cutaneous  lesions, 
but,  that  this  is  the  primary  cause,  no  pellagrologist  claims.  The  skin 
of  the  pellagrin  is  a  sensitive  plate  upon  which  sunlight  has  an  effect, 
but  the  plate  has  been  sensitized  by  some  unknown  agent,  probably  the 
poison  specific  to  this  disease.  It  is  certain  that,  especially  as  far  as 
the  skin  lesions  are  concerned,  pellagra  is  a  recurrent  disease  manifest- 
ing itself  in  these  lesions  most  acutely  in  the  spring. 

Sunlight  is  not  the  onl}-  agent  to  which  the  awakening  of  the  erythema 
may  be  due.  It  is  likely  to  follow  insults  and  slight  injuries  which  do 
not  have  a  like  effect  upon  nonpellagrins.  This  point  has  received  at- 
tention repeatedly  from  pellagrologists  in  Italy,  Austria,  France,  and 
this  country.  Even  the  sting  of  a  harmless  mosquito,  such  as  the  culex, 
may  be  followed  by  a  typical  pellagrous  dermatitis.  Harris  reports  sev- 
eral instances  in  which  slight  blows  on  the  hands  have  resulted  in  typical 
erythemas.  Again,  it  seems  necessary  to  suppose  that  this  is  due  to 
altered  innervation,  lowered  nutrition,  or  the  presence  of  some  poison  in 
the  blood.    Harris  makes  the  following  statement: 

"Just  why  the  hands,  feet,  and  face  are  the  points  of  predilection  in  the  develop- 
ment of  these  lesions  is  not  entirely  clear,  hut  it  may  be  pointed  out  that,  with  the 
exception  of  the  volar  aspects  of  the  hands  and  feet,  where  the  skin  is  remarkably 
tough  and  resistant,  pellagraderms  manifest  themselves  by  preference  on  those  sur- 
faces that  are  most  subject  to  insult,  whether  it  be  mechanical,  or  from  such  physical 
agencies  as  light,  cold,  and  heat.  Undoubtedly  the  most  exposed  parts  of  the  body 
are  the  hands  and  here  we  find  that  the  pellagrous  lesion  is  most  common,  and  after 
that  and  in  the  order  named,  the  face,  neck,  feet,  forearms,  arms,  shoulder-'blades, 
and  the  skin  about  the  middle  portions  of  the  chest  in  front  where  the  shirt  is  often 
left  open  while  the  peasant  is  laboring  in  the  field." 

The  skin  lesion  is  not  confined  to  erythema,  but  is  accompanied  by  or 
followed  by,  or  in  rare  cases,  preceded  by,  a  marked  atrophy.  The  skin 
becomes  thin,  loses  its  elasticity,  and  presents  a  parchment-like  aspect. 
When  this  stage  is  reached  the  lesion  remains  throughout  life.  According 
to  Harris,  it  is  a  consequence  of  the  absorption  of  the  collagenous  tissues, 
and  the  degeneration  of  the  elastin  of  the  derma,  there  being  left  of  the 
normal  structures  the  sebaceous  and  sweat  glands,  with  the  larger  arteries 
and  veins  with  enough  fibrous  tissue  around  them  to  give  a  certain  amount 
of  support.  In  such  cases  there  may  appear  hemorrhagic  spots ;  indeed, 
these  are  not  uncommon  in  chronic  forms  of  the  disease.  Tlie  hemorrhages 
are  undoubtedly  due  to  the  rupture  of  small  blood  vessels,  produced  prob- 
ably in  most  instances  by  injuries  so  slight  that  the  patient  is  often  not 
aware  of  their  occurrence. 

The  cause  of  the  alimentary  symptoms  which  generally  follow,  but  may 
precede  the  appearance  of  the  skin  lesions,  is  not  known.  The  changes  in 
the  oral  cavity  are  almost  wholly  confined  to  the  superficial  layers  of  the 
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mucous  surfaces,  and  these  are  not  uniforml}^  altered.  There  may  be 
marked  exfoliation  of  the  epithelial  coating  of  the  tongue.  Not  uncom- 
monly, the  lesions  are  localized  along  the  borders  and  at  the  apex  of  the 
tongue.  There  is  in  some  instances  an  abnormal  flow  of  the  saliva  and 
difficulty  in  mastication.     Fissures  of  the  tongue  are  frequently  observed. 

There  has  been  no  uniformity  in  the  findings  obtained  by  analysis  of 
the  gastric  contents.  The  acidity  may  be  normal,  subnormal,  or  above 
normal.    Lactic  acid  may  or  may  not  be  present. 

In  all  pellagrous  countries  many  pellagrins  are  found  in  the  insane 
asylum.  Numerous  attempts  have  been  made  to  associate  certain  forms  of 
insanity  with  this  disease,  but  up  to  the  present  time  nothing  definite  can 
be  stated  in  regard  to  this  matter. 

One  of  the  most  interesting  points  connected  with  this  disease  is  its  sea- 
sonal recurrence.  It  is  a  fact,  popularly  known  for  many  centuries,  that  skin 
lesions  are  prone  to  development  in  the  spring.  The  most  reasonable  expla- 
nation is  that  during  the  winter  the  small  farmer  lives  under  unhygienic 
conditions,  has  but  little  variety  of  food,  and  suffers  from  lack  of  exercise. 
The  periodicity  of  symptoms  originall}'  induced  by  poisons  is  a  matter 
about  which  much  has  been  said,  but  concerning  the  reliability  of  which 
there  is  reason  for  doubt.  It  is  a  popular  belief  that  children  who  have 
been  poisoned  by  ivy  have  a  recurrence  of  the  skin  eruption  about  the 
same  season  each  year  and  without  renewed  exposure.  We  know  of  no 
authentic  instance  of  this  kind.  Similar  stories  are  told  concerning  the 
annual  recurrence  of  symptoms  after  bites  by  certain  reptiles. 

McCarrison  (1921)  has  been  impressed  by  the  parallelism  in  symptoms 
and  anatomic  changes  produced  in  monkeys  when  fed  on  autoclaved  food 
with  those  observed  in  pellagrins.  He  states  that  the  similarity 
''is  evidenced  by  the  loss  of  appetite,  the  headache,  the  wasting,  the  unhealthy 
skin,  the  malnutrition  of  the  nervous  system,  and  especially  by  the  gastrointestinal 
derangements.  The  last  are  in  both  instances  among  the  earliest  manifestations  of 
morbidity.  Diarrhea,  often  with  mucus  and  blood,  is  a  conspicuous  symptom  in 
pellagra,  as  it  is  in  the  case  of  monkeys  fed  on  autoclaved  food.  Gastric  derange- 
ment is  common  to  both.  Failure  of  pancreatic  and  intestinal  digestion,  with  the 
rapid  passage  of  the  gastrointestinal  contents  along  the  digestive  tube,  are  features 
present  in  both  states.  *  «  *  The  parallelism  extends  to  profound  stuprarenal 
inadequacy,  the  presence  of  which  is  suggested  by  the  clinical  features  of  pellagra. 
*  *  *  Now,  in  the  monkeys  the  main  food  fault  was  deficiency  of  vitamins.  This 
deficiency  gave  rise  to  grave  endocrin  disturbance  and  especially  to  suprarenal  dis- 
turbance. It  caused  the  gastrointestinal  lesions,  and  was  primarily  responsible  for 
the  imperfect  assimilation  of  protein  which  occurred  in  these  animals.  It  seems 
probable,  therefore,  that  deficiency  of  vitamins  and  the  consequent  disturbance  of 
digestive  ,and  endocrin  functions  play  an  important  part  in  the  production  of 
pellagra.  In  the  experimental  diet  employed  by  Goldberger  for  the  production  of 
pellagra  in  convicts,  the  food  deficiency  was  of  three  orders  at  least:  (1)  Deficiency 
of  suitable  protein;  (2)  deficiency  of  growth  vitamins;  and  (3)  deficiency  of  salts. 
This  diet  has  been  shown  by  Sullivan  to  produce  polyneuritis  in  fowls.     It  may  be 
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concluded,  therefore,  that  deficiency  of  vitamin  B'  was  an  important  factor  in  the 
production  of  the  endocrin  and  digestive  disturbances  in  convicts.  Goldberger  liimself 
draws  attention  to  the  smaller  average  supply  of  recognized  vitamins  in  the  dietaries 
of  pellagrous  than  of  nonpeliagrous  households." 

Eradication. — Economically,  the  question  whether  maize  is  in  and  of 
itself  poisonous  or  carries  the  possibility  of  leading  to  racial  deterioration 
after  it  is  used  throughout  successive  generations,  is  of  the  greatest  im- 
portance. Indian  corn  is  one  of  our  best  crops.  Prepared  in  any  one  of  the 
many  ways  so  well  known  to  the  cooks  of  the  South,  it  supplies  a  most 
delectable  article  of  diet.  In  our  opinion,  it  would  be  a  misfortune  for 
the  people  of  this  country  to  be  imbued  with  the  idea  that  Indian  corn 
is  unfit  for  human  food.  So  far  as  the  weight  of  evidence  goes,  pellagra 
is  due  to  an  unbalanced  diet.  Geographically,  it  affects  those  populations 
which  live  most  largely  upon  maize ;  however,  sporadic  cases  are  found  in 
every  part  of  the  United  States.  Even  the  most  radical  zeists,  as  those 
who  attribute  the  disease  wholly  to  maize  are  called,  admit  that  pellagra 
is  found  among  those  in  the  food  of  whom  Indian  corn  has  never  played 
an  important  part. 

As  has  been  repeatedly  shown,  the  workers  in  the  cotton  mills  of  our 
southern  states  have  less  variety  in  their  food  than  any  other  laborers  in 
this  country.  Many  of  them  have  never  known  any  other  diet  than  that 
upon  which  they  have  been  reared  and  are  reluctant  to  seek  a  more  gen- 
erous ration.  It  is  difficult  to  awaken  in  man  an  effort  to  secure  a  food 
the  taste  of  which  he  has  never  known.  It  is  more  than  probable  that 
pellagra  can  be  completely  eradicated  from  this  country,  provided  that  the 
people  among  whom  the  disease  prevails  are  supplied  with  proper  food 
and  taught  to  eat  it,  and  it  will  be  interesting  to  see  whether  the  army  boys 
from  pellagrous  districts  willingly  go  back  to  their  com  pone  and  bacon. 
Man  is  not  fitted  physiologically  to  be  a  monophagist.  He  is  an  omnivorous 
animal ;  and  whatever  may  be  said  by  vegetarians,  believers  in  low  protein 
diet,  and  others  who  are  constantly  preaching  that  we  eat  too  much,  every 
fact  learned  by  observation  among  people  on  limited  diet,  whether  it  be 
the  result  of  war  or  of  economic  conditions,  shows  that  man  needs  variety 
in  his  food. 

We  do  not  consider  the  question  of  the  causation  of  pellagra  by  any 
means  settled.  It  is  said  that  in  Spain  the  disease  is  slowly  disappearing 
and  that  in  the  provinces  where  it  was  once  common  it  is  now  rare,  although 
no  special  efforts  have  been  made  to  improve  the  food  of  the  people.  Its 
disappearance  from  France  is  attributed  to  the  discontinuance  of  maize 
as  a  human  food.  In  Italy,  where  the  greatest  efforts  have  been  made  to 
combat  the  disease  by  limiting  the  use  of  maize  or  by  taking  such  steps  as 
have  been  found  necessary  to  prevent  the  molding  of  this  food,  up  to  the 
present  time  the  decline  in  the  disease  has  not  been  rapid,  though  there 


102 


EPIDEMIOLOGY 


has  been  a  gradual  improvement.  There  are  the  following  species  of  corn 
grown  in  this  country  and  more  or  less  used  as  human  food:  (1)  Zea  mais 
saccharata,  or  sweet  corn ;  this  is  used  as  an  early  vegetable  and  is  canned. 
(2)  Zea  mais  indurata,  or  flint  corn;  in  this  variety  the  starchy  material 
is  inclosed  in  a  heavy  horny  layer.  In  color  the  grain  may  be  white,  yellow, 
red,  or  mottled.  This  variety  is  cultivated  in  the  northern  part  of  the 
United  States  and  in  Canada.  Meal  made  from  this  variety  does  not  mold 
quite  so  readily  as  that  made  from  field  corn ;  however,  meal  from  either 
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variety  is  highly  subject  to  moldy  growths  and  to  decomposition,  due 
possibly  to  other  agencies.  (3)  Zea  mais  indentata,  dent  or  field  corn;  this 
is  the  variety  which  is  so  largely  eaten  in  the  South,  but  which  grows 
even  more  luxuriantly  in  Illinois,  Iowa,  Missouri,  and  adjoining  states 
and  supplies  the  great  bulk  of  the  corn  crop.  Whether  moldy  corn  meal 
causes  pellagra  or  not,  it  is  certainly'  not  a  desirable  article  of  diet,  and  it 
is  gratifying  to  know  that  various  state  agricultural  stations  are  giving 
attention  to  this  matter  and  instructing  the  people  in  the  proper  selection 
of  grain  for  planting,  in  tlie  care  necessary  in  harvesting  and  preserv- 
ing, and  in  attention  to  the  meal  after  grinding.    To  any  one  familiar  with 
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the  corn  fields  of  this  country,  it  must  be  evident  that  gross  carelessness 
along  all  these  lines  among  our  farmers  is  still  in  evidence. 

An  indication  of  the  distribution  of  pellagra  in  this  country  is  ob- 
tained from  the  army  examination.  There  were  found  252  cases  among 
two  and  a  half  million  men.  Of  this  number  236  came  from  the  rural 
districts  and  only  16  from  urban.  The  ratio  of  rural  to  urban  incidence 
was  6.5,  the  highest  ratio  of  any  defect.  Mississippi  is  credited  with  the 
highest  incidence,  or  .88  per  1000  men.  Other  states  in  order  were 
Arkansas  .52,  Florida  .46,  South  Carolina  .46,  Tennessee  .46,  Alabama  .42, 
Georgia  .39,  Oklahoma  .31,  Louisiana  .27,  North  Carolina  .25.  States  with 
rates  from  .10  to  .20  were  Texas,  Kentucky  and  New  Mexico.  Rates  of 
.01  to  .09  were  Rhode  Island,  Virginia,  Iowa,  Kansas,  Minnesota  and  Ohio. 
No  cases  were  found  from  the  remaining  states.  Pellagra  deaths  in  the 
U.  S.  Registration  Area  rank  close  to  whooping  cough  in  numbers.  The 
death  rates  from  1911  are  as  follows : 


1911 

1.1 

1912 

1.1 

1913 

1.6 

1914 

2.4 

1915 

4.2 

1916 

3.3 

1917 

4.9 

1918 

4.6 

1919 

3.3 

The  addition  of  southern  states  to  the  Registration  Area  in  recent  years 
explains  the  increase  during  the  10  year  period.  The  ten  states  with  the 
greatest  numbers  of  pellagra  deaths  in  1919  were : 


Mississippi 

495 

Tennessee 

435 

South  Carolina 

401 

North  Carolina 

400 

Louisiana 

227 

Virginia 

177 

Florida 

125 

Kentucky 

111 

Missouri 

25 

California 

23 

The  fact  that  pellagra  is  so  distinctly  a  rural  disease  is  worthy  of  the 
closest  consideration.  Roberts  has  shown  that  occupation  has  nothing  to 
do  with  it.  Country,  village  merchants,  lawyers,  ministers,  teachers,  doc- 
tors, etc.,  have  the  disease  quite  as  frequently  as  those  who  labor  in  the 
fields.  Indeed,  pellagra  is  more  frequently  found  among  women  than 
among  men.  This  seems  to  be  true  the  world  over.  In  a  village  in  Italy, 
out  of  254  pallagrins,  192  were  women.  In  Roumania,  out  of  19,796,  10,- 
664  were  women.    In  an  Illinois  asylum,  out  of  130  cases,  75  were  women. 

In  the  U.  S.  Registration  Area  during  1919  there  were  2806  deaths 
from  pellagra,  2015  of  which  were  among  women  and  791  men.  The  age 
distribution  of  these  deaths  by  sex  shows  that  at  age  20-29  the  female 
deaths  are  more  than  seven  times  that  of  males. 
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AGE 

MALE 

FEMALE                            AGE 

MALE 

FEMALE 

Under  5  years 

21 

19                     30-39 

76 

442 

5-9 

25 

17                      40-49 

142 

416 

10-14 

13 

30                      50-59 

133 

270 

15-19 

19 

79                      60-69 

169 

212 

20-29 

49 

371             70  and  over 

137 

143 

In  our  opinion,  this  greater  prevalence  among  vfomen  makes  in  favor  of 
the  unbalanced  and  inadequate  diet  as  the  cause.  When  food  is  scanty, 
both  in  quality  and  in  quantity,  the  man  of  the  house  and  the  children 
get  the  bigger  helpings  and  the  more  choice  dishes,  while  the  mother  takes 
what's  left.  This  condition  frequently  prevails  in  families  who  would 
resent  any  suggestion  that  they  did  not  have  enough  to  eat  or  that  any 
member  of  the  family  denied  herself  in  order  that  others  might  more  fully 
gratify  their  appetites.  In  the  country  pellagra  is  not  confined  to  the 
poorest  classes — of  course  it  is  more  abundant  among  these  people,  but 
the  better-to-do  do  not  escape  it.  In  the  city  even  the  poorest  do  not  have 
pellagra.  In  the  country  the  daily  ration  consists  of  only  a  few  articles 
and  is  subject  to  but  little  variation  from  day  to  day.  The  wife  or  the 
children  of  the  man  who  works  in  a  cotton  mill  cannot  get  milk,  cheese, 
or  any  great  variety  of  food,  for  two  reasons.  First,  because  they  have 
not  the  money  to  buy  it,  and,  second,  it  is  not  to  be  found  in  their  neighbor- 
hood had  they  the  money.  On  the  other  hand,  the  poorest  dweller  in  the 
east  side  of  New  York  may  step  to  the  corner  grocery  at  any  time  and 
buy  a  few  cents  worth  of  almost  any  kind  of  food,  be  it  a  staple  article  of 
diet,  or  a  delicacy  purchasable  in  large  quantities  only  by  the  rich.  This, 
in  our  opinion,  is  the  explanation  of  why  it  is  that  pellagra  is  confined 
to  rural  communities  and  is  not  found  within  the  gates  of  the  city.  It 
may  be  said,  greatly  to  the  credit  of  the  owners  of  many  of  the  cotton 
mills  in  the  South,  that  they  have  tried  to  eliminate  this  disease  and  have 
spent,  some  of  them,  large  sums  of  money  in  doing  so.  Some  of  the  cotton 
mill  villages  are  models  in  housing,  in  sanitation,  in  water-supply,  and 
sewage  disposal.  By  these  improvements,  typhoid  fever  has  been  greatly 
reduced  and  in  many  villages  completely  eliminated ;  but  these  expendi- 
tures have  had,  as  yet  at  least,  no  visible  effect  upon  the  prevalence  of 
pellagra.  What  the  operatives  and  their  families  need  is  a  greater  variety 
of  food.  Some  attention  is  now  being  given  to  matters  of  this  kind. 
Operatives  are  encouraged  to  keep  cows ;  land  is  donated  for  vegetable  gar- 
dens, and  people  are  encouraged  to  plant,  till,  and  gather  the  fruits  of 
these  plots.  We  have  had  opportunity  to  visit  many  cotton  mills  in  the 
South,  to  inspect  the  homes  of  the  operatives,  to  study  eases  of  pellagra 
among  the  adults  and  children,  to  talk  with  the  owners,  and  we  believe 
that  the  latter  are  only  awaiting  intelligent  guidance.     They  appreciate 
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the  fact  that  the  pellagrin  is  unable  to  work  and  soon  becomes  a  burden 
upon  the  community,  the  chief  Aveight  of  which  falls  upon  the  mill  owner. 
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CHAPTER  VI 

RACHITIS 

RICKETS 

Description. — Rickets  is  a  constitutional  disease,  characterized  by  ab- 
normal development  of  tlie  processes  of  osteogenesis  and  manifesting  itself 
most  prominently  by  deformities  of  the  bones.  The  proportion  of  organic 
and  inorganic  constituents  of  the  bones  compared  with  that  of  the  normal 
state  is  practically  reversed.  Normally  about  65  per  cent  of  the  bone  is  in- 
organic material,  while  in  rickets  the  percentage  of  organic  substance  may 
be  as  great  as  this.  On  account  of  the  relatively  small  amount  of  inor- 
ganic matter  in  the  bones  in  this  disease,  these  structures  become  soft  and 
pliable  and  marked  deformities  result,  some  of  which  are  easil}^  recognized 
at  sight.  Wliile  all  the  bones  in  the  body  may  show  this  abnormality,  de- 
formities are  most  markedly  developed  in  the  long  bones,  especially  in 
those  of  the  lower  extremities,  leading  to  the  conditions  vulgarly  known 
as  bow-legs,  knock-knees,  and  rickety  states.  The  chief  inorganic  constit- 
uent of  bone  is  the  phosphate  of  lime  and  it  is  due  to  failure  in  the  nor- 
mal metabolism  of  this  essential  food  constituent  which  leads  to  the  dis- 
ease. The  long  bones  are  so  soft  and  pliable  that  they  may  be  bent  by 
muscular  action  long  before  the  weight  of  the  child  is  put  upon  them  in 
its  first  attempts  to  walk.  The  epiphyses  in  the  ankle,  knee,  and  wrist 
are  enlarged,  while  the  shafts  of  bone  may  be  bent  and  twisted.  There 
are  swellings  on  the  ribs  where  they  join  the  sternum,  forming  Avhat  is 
known  as  the  rachitic  rosary.  The  ribs  are  often  sunken  and  the  sternum 
thrown  forward,  giving  rise  to  what  is  known  as  the  pigeon  or  chicken 
breast.  The  bones  of  the  pelvis  are'  often  twisted  into  abnormal  shapes  and 
the  vertebral  column  may  be  deviated  either  posteriorly  or  laterallj^, 
kyphosis,  and  less  frequently  a  scoliosis.  Chemical  analysis  has  shown 
that  the  amount  of  lime  may  be  reduced  to  about  one-third  the  normal 
quantity.  There  may  be  a  depression  of  the  diaphragm,  dilatation  of 
the  stomach,  together  with  lijqDertrophy  of  the  liver  and  spleen.  These 
conditions  lead  to  an  undue  proportion  of  the  abdomen,  a  condition  vul- 
garly known  as  pot-bellied.  The  whole  being  is  in  a  state  of  disordered 
metabolism,  from  which  there  is  in  the  majority  of  instances  a  tardy  re- 
covery Avith  persistence  of  the  deformities. 

History. — Strange  to  say,  this  disease  was  first  recognized  in  the  early 
half  of  the  seventeenth  century  as  an  epidemic  appearing  in  Dorset  and 
Somerset  in  England  and  gradually  extending  throughout  that  country, 
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It  is  difficult  to  believe  that  this  disease  first  appeared  at  that  time.  It 
must  be  as  old  as  the  race,  and  it  is  rather  strange  that  it  was  not  recog- 
nized and  studied  earlier.  The  Royal  College  of  Physicians  appointed 
a  committee  to  investigate  this  disorder.  A  report  was  written  by  Glisson 
and  published  in  1650.     Comby  says: 

"This  is  tlie  earliest  known  publication  on  the  subjects  of  rickets,  and  the  history 
of  the  disease  does  not  go  back  beyond  this  time ;  but  when  we  consider  the  dyscrasic 
origin  of  the  affection,  which  is  a  true  maladie  de  misere,  we  are  forced  to  refer  its 
origin  to  a  more  remote  period." 

In  continental  Europe  this  disease  was  for  a  long  time  known  as  the 
English  disease.  In  1660  Mayow  wrote  upon  rickets  and  called  especial 
attention  to  the  changes  in  the  bones.  In  1741  Petit  advanced  the  idea 
that  it  is  due  to  premature  weaning ;  an  idea  which  no  longer  has  sup- 
port. In  1751  Duverney  studied  the  bones  more  minutely,  emphasized 
their  lightness,  fragility,  and  proneiiess  to  suffer  a  green-stick  fracture. 
In  1797  Portal,  including  many  other  diseases  along  with  rickets,  divided 
it  into  seven  varieties.  Guerin  (1839)  added  to  the  knowledge  of  the 
histology  of  the  disease  and  was,  so  far  as  we  know,  the  first  to  attempt 
to  produce  it  by  experiments  in  the  feeding  of  animals.  Trousseau  and 
his  colleagues  made  important  contributions  to  the  pathology  and  symptom- 
atology of  rickets  and  called  attention  to  its  relation  to  osteomalacia. 
Parrot  (1881)  conceived  the  idea  that  rickets  is  a  form  of  hereditary 
syphilis.  Jacobi  says,  that  Parrot  was  led  to  this  conclusion  by  the  de- 
formities and  abnormalities  in  the  teeth.  During  recent  years  the  litera- 
ture on  this  disease  has  become  voluminous,  and  the  more  important 
contributions  will  be  referred  to  in  the  study  of  its  etiology  and  its  nature. 

Etiology. — Most  writers  of  the  early  part  of  the  nineteenth  century 
taught  that  rickets  is  an  hereditary  disease,  or,  at  least  owes  its  existence 
to  a  defective  constitution  in  one  or  both  parents.  Some  attribute  it  to 
early  marriage,  some  to  close  inter-marriage,  and  most  authors  are  con- 
vinced that  the  existence  of  the  disease  is  due  to  some  parental  defect. 
Aitken  (1879)  taught  that,  while  the  disease  is  not  inherited,  its  pre- 
disposing causes  lie  in  the  bodies  of  the  parents,  which  have  been  ex- 
hausted by  age,  chronic  disease,  and  venereal  excesses.  The  suggestion  of 
Parrot  that  rickets  is  inherited  syphilis  was  again  taken  up,  but  it  was 
so  earnestly  and  intelligent!}^  combated  that  it  did  not  thrive.  In  1860 
Jenner  (W.)  wrote: 

"The  parent  who  infects  his  offspring  with  syphilis  has  usually  contracted  syphilis 
before  marriage,  and  the  children  first  begotten  after  infection  are  those  who  suffer 
from  inherited  syphilis;  while,  as  a  rule,  it  is  only  the  younger  children  of  the  family 
that  suffer  from  rickets- — the  first-born  being  commonly  healthy,  though  the  latter- 
born  are  highly  rickety." 
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Jenner  attributed  the  disease,  largely  at  least,  to  undernourishment  or 
improper  food  and  wrote  as  follows : 

"Among  the  poor,  the  parents  are  generally  worse  fed,  worse  clothed,  and  worse 
lodged,  the  larger  the  number  of  their  children — for  the  man's  wages  remaining  sta- 
tionary, the  calls  on  his  means  are  increased.  And  among  the  rich  and  poor  alike,  the 
larger  the  number  of  children,  the  more  has  the  mother's  constitutional  strength  been 
tased,  and  the  more  likely  is  she  to  have  lost  in  general  power." 

The  same  author  speaks  of  the  feeding  of  the  poor  children  of  his 
time  in  London,  as  follows : 

"For  the  first  two  or  three  days  after  birth  their  tender  stomachs  are  deranged 
by  brown  sugar  and  butter^  castor  oil  and  dill  water,  gruel  and  starch  water;  as 
soon  as  the  mother's  milk  flows,  they  are,  when  awake,  kept  constantly  at  the 
breast.  And  well  for  them  if  they  are  not  again  and  again  castor  oiled  and  dill 
watered,  and  even  treated  with  mercurials — for  the  poor  have  learned  the  omnipotent 
virtues  of  gray  powder. ' ' 

Jenner,  writing  in  1860,  said  that  rickets  is  in  England  the  most 
fatal  disease  which  affects  children  exclusively.  At  that  time  rickets  was 
not  so  common  in  our  American  cities,  or  at  least  it  was  not  so  recog- 
nized. In  the  nine  years  ending  with  1870  the  mortality  records  of 
Philadelphia  reported  but  two  deaths  from  this  disease.  Comby  (1896) 
wrote: 

' '  If  the  mother  is  able  to  nurse  her  infant  and  give  to  it  all  the  care  which  its 
age  demands  it  will  not  become  rachitic;  but  separate  these  two  beings  who  are  made 
to  be  closely  united,  give  the  child  to  mercenaries  living  at  a  distance  and  secure 
from  surveillance,  replace  the  breast  by  the  bottle,  and  you  will  almost  surely  provoke 
rickets.  Where  the  bottle  is  unknown,  where  infant  feeding  is  always  from  the  breast, 
there  rachitis  is  absent.  It  is  frequent  under  the  opposite  conditions.  Next  after 
artificial  feeding  comes  suckling  by  a  poor  nurse,  one  whose  milk  is  too  old,  indigest- 
ible, or  which  contains  too  large  a  proportion  of  casein;  then  irregular  times  of 
nursing,  and  finally  a  delay  in  weaning  and  iu  the  admission  of  solid  food  to  the 
infant's  diet  at  a  suitable  period.  When  a  woman  nurses  twins  she  can  very  rarely 
do  so  with  justice  to  both  children,  and  the  infants  are  apt  to  suffer  from  rachitis'." 

Jacobi  (1898)  wrote: 

"Hygiene  and  nutrition  are  of  great  influence.  There  is  less  rachitis  in  rich  or 
well-to-do  families  than  anipng  the  poor.  There  are  very  many  exceptions  to  this  rule 
from  different  causes.  Bad  foods,  such  as  large  percentages  of  amylum  or  undiluted 
cow's  milk,  are  dangerous;  but  when  babies  are  fed  on  the  same  faulty  diet  in  the 
valleys  and  on  the  high  Alps,  those  on  the  latter  suffer  less  from  rachitis;  it  is  par- 
ticularly undiluted  milk  that  is  better  tolerated  on  the  high  mountains  than  in  the 
valleys.  In  the  favorable  climate  and  outdoor  life  of  Athens,  where  the  babies  are 
mostly  weaned  after  the  second  month  and  farinacea  given,  rachitis,  as  I  said,  is  not 
frequent.  Breast  children  suffer  less  from  rachitis  than  those  raised  on  artificial 
food,  stiU,  there  are  plenty  of  babies  whose  breast  milk  contains  an  undue  degi'ee 
of  casein  that  require  weaning,  and  will  require  a  well-selected  artificial  food  in  order 
to  get  well  of  their  rachitis. ' ' 
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In  1895  Herter  feci  pigs  upon  a  fatless  diet  with  the  purpose  of  de- 
termining whether  such  food  would  produce  rickets  in  these  animals. 
He  took  pigs  about  two  months  old  and  weighing  about  24  pounds  and 
placed  them  upon  an  exclusive  diet  of  cow's  milk  from  which  the  fat 
had  been  removed  to  such  an  extent  that  the  milk  contained  less  than 
one-twentieth  per  cent  of  this  constituent.  It  should  be  stated  that  sow's 
milk  normally  contains  a  high  percentage  of  fat,  ranging  from  eight  to 
ten  per  cent.  Herter  found  that  the  growing  pig,  living  exclusively  upon 
this  fatless  milk  for  about  a  year,  suffered  markedly  by  retarded  growth 
and  developed  a  hemorrhagic  eruption,  which  was  probably  scorbutic  in 
character,  and  was  accompanied  by  marked  weakness  in  the  extremities. 
A  second  pig  kept  on  the  same  diet  for  66  weeks  developed  similar 
conditions,  but  in  a  less  marked  degree  and  without  the  hemorrhagic 
spots.  A  third  pig  kept  upon  a  diet  greatly  restricted  in  proteins  and 
fats  but  with  a  great  excess  of  carbohydrates,  although  more  retarded 
in  growth,  suffered  distinctly  less  in  general  nutrition  and  apparently 
in  a  different  manner  in  several  respects.  Herter  reached  the  conclusion 
that  the  lesions  resulting  from  fat  starvation,  at  least  in  the  case  of  pigs,  do 
not  resemble,  or  even  suggest,  those  of  rickets. 

Herter 's  conclusions  are  not  altogether  in  harmony  with  those  reached 
by  Sutton,  who  fed  young  monkeys,  bears,  and  lions  in  the  Zoological 
Garden  of  London  on  diets  rich  in  proteins  but  deficient  in  fat.  The 
animals  thus  fed  are  reported  to  have  developed  rickets,  while  those  to 
whose  diet  fat  was  added,  remained  free  from  this  disease.  Furthermore, 
Herter 's  conclusions  are  not  in  accord  with  the  beneficial  results  quite 
generally  obtained  by  treating  rachitic  children  with  cod-liver  oil. 

It  having  been  suggested  that  atrophy  of  the  thymus  gland  might  be  con- 
cerned in  the  causation  of  rickets,  Renton  and  Robertson  removed  this 
gland  from  a  number  of  puppies.  These  animals  were  subsequently  kept 
on  the  same  diet,  which  consisted  of  oatmeal  with  milk,  and  bones "  to 
gnaw.  Some  developed  rickets,  while  others  did  not ;  the  immunity  of 
the  latter  seeming  to  depend  upon  the  breed  rather  than  from  the  mode 
of  life.  Of  the  collies,  all  developed  rickets;  of  the  retrievers,  two  de- 
veloped the  disease  and  one  remained  normal;  of  two  fox  terriers,  both 
showed  slight  signs  of  rickets,  while  two  greyhounds  remained  normal. 

Hess  and  Unger  state  that  negro  children  in  New  York  City  are  much 
more  prone  to  this  disease  than  white  children,  although  both  are  fed 
upon  the  same  diet,  receiving  milk  from  the  same  dealers.  This  is  a 
further  indication  that  race  or  breed  has  some  influence  on  the  develop- 
ment of  rickets. 

Paton  is  quite  certain  that  confinement  is  concerned  in  the  develop- 
ment of  this  disease  in  dogs.  Two  litters  of  collie  pups  were  divided, 
one  part  being  sent  to  the  country  where  they  were  allowed  the  run  of 
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yard  and  garden,  while  the  other  was  kept  iu  the  laboratory.  Both  lots 
were  fed  upon  practically  the  same  diet.  No  animal  sent  to  the  country 
developed  the  disease,  while  all  those  kept  in  the  laboratory  showed  signs 
of  rickets  to  a  greater  or  less  degree. 

Hess  and  linger  undertook  the  study  of  rickets  in  about  100  children 
cared  for  in  a  modern  institution  in  New  York.  These  children  were 
divided  into  groups  according  to  their  food:  (1)  having  an  abundance 
of  fat  and  fat-soluble  vitamin  in  the  form  of  milk  and  cream;  (2)  with 
a  deficiency  of  these  substances,  being  fed  on  sl\inimed  milk;  (3)  wdth 
an  abundance  of  water-soluble  vitamin  as  supplied  in  autolyzed  j-east ;  (4) 
on  a  diet  such  as  Mellin's  Food  or  condensecl  milk.  All  of  these  chil- 
dren were  examined  monthly,  special  attention  being  paid  to  the  develop- 
ment of  the  beaded  rosary  on  the  ribs,  with  the  full  recognition  tliat 
this  condition  may  be  scorbutic  and  beriberic  as  v/ell  as  rachitic.  These 
authors  state  their  conclusions  as  follows : 

"It  would  lead  too  far  afield  to  discuss  the  various  theories  that  have  been 
advanced  to  account  for  the  occurrence  of  rickets,  aiid  moreover,  it  would  not  be 
profitable  at  the  present  time,  as  the  data  are  inadequate.  Tliere  seem  to  be  several 
causes  at  work,  rendering  the  unraveling  of  the  problem  so  difficult  that  there  is  a 
difference  of  opinion  not  only  as  to  the  p)articular  dietary  factor  that  is  at  fault, 
but  even  as  to  whether  rickets  is  to  be  considered  a  disorder  of  dietetic  origin. 
It  should  not  be  lost  sight  of  that  there  is  a  prenatal  factor  involved.  *  *  * 
In  considering  the  diet  a  most  important  question  is  whether  the  recent  theoiy  as 
to  the  vitamin  origin  of  this  disorder  can  be  maintained,  and,  more  particularly, 
whether  rickets  should  be  attributed  to  a  lack  of  the  fat-soluble  factor.  We  can 
obtain  the  clearest  understanding  of  this  aspect  by  comparing  this  disease  to  the 
well-recognized  and  established  deficiency  diseases,  scurvy  and  beriberi.  What  does 
the  comparison  show?  In  the  first  place,  these  two  disorders  are  commonly  accom- 
panied by  weakness  and  malnutrition;  we  do  not  encounter  the  strong,  apparently 
healthy  babies  met  in  rickets.  But  of  far  gi-eater  moment  is  the  fact  that  neither 
can  be  brought  about  by  overfeeding.  Bickets,  as  emphasized  in  the  body  of  this 
paper,  frequently  develops  in  infants  receiving  too  much  milk  rich  in  fat,  protein, 
and  salts.  It  seems  impossible  to  bring  this  fact  into  consonance  mth  a  deficiency 
disease,  whatever  may  be  its  nature,  using  this  term  in  the  conmionly  accepted 
sense.  Our  study  shews  that  the  fat-soluble  vitamin  is  not  the  controlling  influence; 
that  infants  develop  rickets  while  receiving!  a  full  amount  of  this  principle,  and  that 
they  do  not  manifest  signs,  although  deprived  of  this  vitamin  for  many  months,  at  the 
most  vulnerable  period  of  their  life.  It  is  impossible  to  interpret  the  contrary  con- 
clusion which  Mellanby  came  to  as  the  result  of  his  pioneer  experiments  on  dogs,  or 
to  accept  the  term  'fat-soluble  vitamin'  as  synonymous  with  'antirachitic  factor,'  as 
Hopkins  and  Chick  would  have  us  do.  Clinical  tests  carried  out  with  care  must  be 
accorded  fully  as  much  weight  as  laboratory  investigations.  The  two  methods  of 
approach  should  be  carried  out  side  by  side,  and  even  the  most  thorough  study  on 
animals  must  be  made  to  harmonize  before  it  can  be  accepted  as  holding  good 
for  man. ' ' 

Nef f ,  writing  in  1920,  says : 

"Funk's  hypothesis  of  the  absence  of  an  essential  food  factor,  which  he  considers  a 
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viiamin,  has  caused  rickets  to  be  regarded  by  some  as  belonging  to  the  so-called 
deficiency  diseases.  But  the  best  explanation  thus  far  given  is  that  rickets  is  the 
result  of  too  much  food — usually  artificial — exceeding  the  caloric  requirements  of  the 
individual  child  and  its  ability  to  dispose  of  it.  The  one  fact  known  is  that  with  the 
appearance  of  rickets  there  is  deficient  calcium  retention  in  the  bones  and  increased 
loss  of  the  mineral  by  way  of  the  feces  and  urine.  The  amount  excreted  in  this 
way  may  exceed  the  intake  even  on  an  adequate   diet." 

Mellanby  is  at  present  the  most  active  supporter  of  the  theory  that 
rickets  is  due  to  the  absence  of  a  vitamin  in  the  food.  He  tliinks  this 
substance  is  a  fat-soluble  vitamin,  although  it  differs  from  that  described 
by  McCollum,  inasmuch  as  the  antirachitic  vitamin  is  found,  according 
to  Mellanby,  in  certain  vegetable,  as  well  as  in  animal,  fats.  His  conclu- 
sions may  be  summed  up  as  follows :  Confinement,  so  far  as  the  diet  is 
concerned,  will  not  produce  rickets  and  will  not  prevent  the  cure  of 
this  disease,  so  far  at  least  as  the  growing  ends  of  the  bones  are  con- 
cerned. Furthermore,  exercise,  with  a  free  run  in  the  daytime,  will  not 
j)revent  this  disease  when  the  diet  is  inadequate.  This  author  seeks  con- 
firmation of  this  experimental  work  on  dogs.  In  a  report  made  by  Hall 
some  years  ago  concerning  the  comparative  prevalence  of  this  disease  in 
Jewish  and  Gentile  children  at  Leeds,  he  found  rickets,  together  with 
bad  or  backward  teeth,  much  more  prevalent  among  Gentile  than  among 
Jewish  children.  This  holds  good  whether  the  comparison  is  made  be- 
tween the  rich  or  the  poor.  The  greater  freedom  of  the  Jews  from 
this  disease  is  ascribed  by  Hall  to  the  better  dietary  at  home  of  Jewish 
children,  and  especially  to  the  larger  amount  of  fats  consumed  in  these 
families. 

Mellanby  finds  further  confirmation  of  his  ideas  from  a  study  of  the 
physical  condition  of  children  on  the  Island  of  Lewis  in  the  Hebrides. 
These  jjeople,  he  states,  live  in  stone  houses,  thatched  with  straw,  the 
living-room,  often  being  under  the  same  roof  as  the  cow  house  and  Avith 
chickens  running  about  in  all  parts  of  the  stable  and  house,  roosting 
on  beds,  tables,  and  dressers.  These  stone  houses,  the  walls  of  which  are 
often  five  feet  thick,  have  no  chimneys  and  the  constantly  burning  peat 
fire  keeps  the  room  filled  with  smoke,  the  only  egress  for  which  is  the  door. 
Children  under  one  year  of  age  are  never  taken  out  of  the  house  and 
the  infantile  mortality  is  said  to  be  about  the  lowest  in  the  British  Isles. 
The  food  consists  of  fish,  oatmeal,  and  eggs,  with  milk  scarce  except  in 
summer.  While  the  death  rate  under  one  year  of  age  is  low,  that  from 
one  to  five  j^ears  is  high.    Mellanby  says : 

"It  is  difficult  to  avoid  the  conclusion  that  diet  is  everything  to  infants  under 
one  year,  and,  so  long  as  this  is  good,  bad  hygienic  conditions  are  of  small  signifi- 
cance. After  the  first  year,  however,  when  the  child  becomes  susceptible  to  measles, 
bronchopneumonia,,  and  other  infections,  then  clearly  the  housing  and  hygienic  factors 
in    addition    to    the    diet    are    of    great    importance.      If    these    suggestions    could 
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be  definitely  proved  and  accei^ted,  we  should  liave  gone  a  long  way  toAvards  the  solution 
of  the  j)roblem  of  race  decadence.  It  is  reasonable  to  accept  as  facts  that  where  there 
is  low  infant  mortality,  there  is  an  almost  complete  absence  of  rickets  and  the  teeth 
of  the  people  are  good;  also  that  the  production  of  rickets  dei^ends  on  a  relative 
insufficiency  in  the  diet  of  the  antirachitic  accessory  factor,  the  best  sources  of  which 
are  fish  oils,  animal  fats,  except  lard,  milk,  eggs  and  some  of  the  vegetable  fats.  It 
is  also  probable  that  anything  which  stimulates  metabolism,  such  as  high  protein  in  the 
diet  and  exercise,  aids  the  antirachitic  accessory  factor;  while  excess  of  carbohydrate, 
especially  if  it  leads  to  a  laying  on  of  fat  or  a  production  of  lethargy,  works  in  a  way 
antagonistic  to  the  vitamin  and  makes  it  necessary  to  have  a  greater  amount  in  the 
diet  to  insure  normal  growth  of  bone,  formation  of  sound  teeth  and  jaws,  and  good 
general  health. ' ' 

In  a  later  (1921)  report  Mellanby  says  that  the  following  conditions 
tend  to  prevent  rickets  in  puppies:  (1)  Plenty  of  meat,  fat,  calcium 
and  phosphorus  in  the  food;    (2)    Exercise. 

Glisson,  in  his  original  paper  on  rickets,  came  to  the  conclusion  that  a 
foggy  climate  favors  the  production  of  this  disease  in  children.  Palm,  in 
1890,  after  a  study  of  the  geographical  distribution  and  etiology  of  this 
disease,  stated  his  conclusions  as  follows : 

"(1)  The  establishment  of  means  for  having  systematic  and  exact  records  of  the 
sunshine  in  the  heart  of  our  great  cities  as  well  as  at  favorite  health  resorts.  A  sun- 
shine recorder  at  an  observatory  on  some  hilltop  near  a  large  city  is  no  guide  to  the 
amount  of  sunshine  that  reaches  the  streets  and  alleys  of  smoky  cities.  It  is  important 
that  the  sunshine  recorder  be  of  the  form  wliich  indicates  the  chemical  activity  of  the 
sun's  rays  rather  than  its  heat.  (2)  The  removal  of  rachitic  children  as  early  as 
f)0ssible  from  large  towns  to  a  locality  where  sunshine  abounds  and  the  air  is  dry  and 
bracing.  (3)  The  establishment  of  a  sanatorium  for  poor  rickety  children  in  some 
such  locality,  where  the  severe  development  of  the  disease  may  be  averted,  and  much 
life  and  health  saved  by  timely  treatment.  (4)  The  systematic  use  of  sun-baths  as  a 
l^reventive  and  therapeutic  measure  in  rickets  and  other  diseases.  (5)  That  when  a 
mother  has  once  borne  a  child  which  has  become  rachitic,  preventive  treatment  of  the 
disease  in  her  future  children  should  be  adopted  if  possible  by  change  of  climate  and 
mode  of  life  in  the  mother,  nothing  urged  above  being  inconsistent  with  the  belief 
that  the  mother's  state  of  health  brought  about  by  the  same  causes  predisposes  her 
offspring  to  rickets.  (6)  The  education  of  the  public  to  the  appreciation  of  sun- 
shine as  a  means  of  health.  Many  persons  seem  to  prefer  darkness  to  light  in  their 
dwellings  out  of  ignorance,  thoughtlessness,  or  even  an  economic  regard  for  carpets 
and  curtains.  Let  people  understand  that  sunlight  in  the  dwelling  not  only  reveals 
unsuspected  dirt,  but  is  Nature's  universal  disinfectant,  as  well  as  a  stimulant  and 
tonic.  Such  knowledge  will  also  stimulate  efforts  for  the  abatement  of  smoke,  and  for 
tlie  multiplication  of  open  spaces,  especially  as  playgrounds  for  the  children  of  the 
Ijoor. ' ' 

More  recently,  the  value  of  sunshine  both  in  the  prevention  and  in  the 
treatment  of  rickets  has  been  substantiated  by  the  researches  of-  Powers 
and  his  coworkers,  of  Hess,  and  many  others.  This  does  not  mean  that 
the  kind  of  food  furnished  the  child  should  not  be  considered.  It  simply 
demonstrates  that  sunlight  is  essential  to  healthy  metabolism. 
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A  review  of  the  literature  reveals  that  two  main  factors  are  referred 
to  as  primal  causes  of  rickets — confinement  and  improper  diet.  Au- 
thors differ  widely  as  to  the  relative  importance  of  the  two.  Quite  re- 
cently, there  has  been  offered  evidence  which  would  tend  to  harmonize 
the  divergent  views  on  this  subject.  We  refer  to  the  collaboration  of 
Powers,  Park,  Shipley,  McCoUum  and  Simonds.  They  point  out  that 
confinement  is  a  factor  in  rickets  owing  to  the  absence  of  needed  sun- 
light stimulation  on  cell  activity.  They  quote  extensively  from  Ger- 
man and  English  works  as  showing  the  value  of  sunlight  and  even  the 
ultraviolet  ray  from  a  quartz  lamp  in  alleviating  rickets.  They  experi- 
mented with  18  rats  about  six  weeks  old,  to  which  they  fed  a  rachitic- 
producing  diet  rich  in  calcium  but  deficient  in  phosphorus  and  fat- 
soluble  A.  Twelve  of  these  animals  were  then  exposed  to  sunlight,  being 
left  out  of  doors  for  six  or  more  hours  daily  over  a  period  of  62  days. 
The  other  six  rats  as  controls  were  kept  indoors  in  the  laboratory  in  a 
room  well  ventilated  and  receiving  all  light  through  windows  of  ordinary 
glass.  At  the  end  of  the  period  the  control  rats  showed  all  the  gross 
and  microscopic  evidences  of  rickets, 

"tlie  characteristic  deformities  of  the  thorax,  enlargement  and  distortion  of  the 
costochondral  junctions,  fractures  of  the  shafts,  and  enlargements  at  the  wrists,  ankles 
and  knees,  and  the  ends  of  all  the  long  bones." 

The  rats  exposed  to  sunlight,  however,  showed  no  evidence  of  rickets. 
The  ends  of  the  long  bones  were  not  enlarged  and  cartilage  was  normal. 
The  condition  was  normal  except  that  the  bone  was  more  delicate  than 
in  rats  of  corresponding  age  fed  on  satisfactory  diets. 

"Though  the  sunlight  completely  prevented  the  development  of  rickets,  it  did  not 
entirely  compensate  for  the  deficiency  of  phosphorus  in  the  diet,  as  regards  the  gi'owth 
and  development  of  the  rat  as  a  whole  or  of  the  skeleton." 

The  sunlight  rats  had  plenty  of  fat,  the  controls  little.  It  is  signifi- 
cant that  sunlight  affected  not  the  skeleton  alone  but  every  cell  in  the 
organism.  The  importance  of  this  experiment  is  summed  up  in  the  fol- 
lowing statement,  which  we  quote  at  length: 

''The  exposure  to  the  sun's  rays,  however,  did  not  entirely  compensate  for  the  de- 
fects in  the  diet.  The  animals  remained  undersized;  the  bones,  though  completely  cal- 
cified, remained  thin.  Though  the  sunlight  did  not  alter  the  defects  in  the  diet,  it 
permitted  the  animals  to  thrive  to  a  limited  extent  in  the  presence  of  them." 

The  authors  conclude  that  the 

"effects  of  sunlig'ht  and  of  cod-liver  oil  on  the  growth  and  calcification  of  the  skelton 
and  on  the  animal  as  a  whole  seem  to  be  similar,  if  not  identical. ' ' 

We  believe  that  this  is  the  most  important  contribution  to  our  knowl- 
edge of  the  causation  of  rachitis.  It,  likewise,  has  a  far-reaching  influ- 
ence on  our  views  concerning  hygienic  living  conditions.    It  adds  one  more 
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bit  of  evidence  to  the  value  of  the  open-air  and  open-window  treatment 
of  anemic  and  tuberculous  children.  Sunlight  is  something  that  human 
nature  demands,  as  well  as  the  proper  chemical  balance  in  the  food 
intake. 

Conclusions. — After  reviewing,  as  we  have  done,  the  most  important 
clinical  and  experimental  contributions  to  this  subject,  we  must  decline 
to  accept  the  evidences  offered  in  favor  of  the  claim  that  rickets  should 
be  classed  with  scurvy  and  beriberi  as  a  disease  due  to  the  absence  of 
some  unknown  food  accessory. 

We  think  it  safe  to  make  the  following  statements  concerning  measures 
which  should  be  adopted  to  prevent  the  development  of  rickets:  (1)  The 
diet  of  the  pregnant  woman  should  be  carefully  balanced,  should  be  defi- 
cient in  neither  food  principle  nor  vitamin,  and  she  should  have  leisure  and 
opportunity  for  outdoor  exercise  during  gestation.  (2)  The  infant  should 
be  breast-fed  except  when  this  is  positively  contraindicated,  but  the  breast 
feeding  should  not  be  unduly  prolonged  and  except  on  the  advice  of  the 
physician  it  should  not  be  continued  beyond  eight  months.  (3)  After 
weaning,  the  diet  of  the  infant  should  be  carefully  supervised  and  an  ex- 
cess of  carbohydrate  and  a  deficiency  of  fat  should  be  avoided.  No  pro- 
prietary foods  should  be  permitted  unless  specially  prescribed  by  the 
family  physician.  (4)  The  child  should  be  kept  in  the  open  air  with  free 
exposure  of  the  greatest  possible  extent  of  its  body  to  the  direct  action  of 
sunlight  for  at  least  three  hours  a  day  in  order  to  facilitate  the  digestion 
and  absorption  of  food.  (5)  The  use  of  the  daily  bath,  followed  by  proper 
massage  and  passive  exercise  will  serve  as  a  tonic  and  aid  proper  absorp- 
tion and  assimilation.  ; 

Bibliography 

AiTKEN,  W. :     Article  on  Eiekets  in  Reynold 's  System  of  Medicine,  i,  472. 

CoMBY,  J.:     Article  on  Racliitis  in  Twentieth  Century  Practice  of  Medicine,  vii,  529. 

Herter,  C.  a.:     Jour.  Exper.  Med.,  1898,  iii,  293. 

Hess,  A.  F.,  and  Unger,  L.  J.:     Jour.  Ani.  Med.  Assn.,  1917,  Ixix,  1535;   ibid,  1920, 

Ixxiv,  217;  ibid.,  1921,  Ixxvii,  39. 
Jaoobi,  a.:     Article  on  Rickets  in  American  System  of  Practical  Medicine,  iv,  917. 
Mellanby,  E.:     Proc.  Roy.  Soc.  of  Med.,  1920,  xiii,  57;  Experimental  Rickets,  1921. 
Neff,  F.  C.  :     Tiee  's  Practice  of  Medicine,  ix,  145. 
Palm,  T.  A.:     The  Practitioner,  1890,  271. 
Paton,  D.  N.:     Proc.  Roy.  Soc.  of  Med.,  1920,  xiii,  77. 
Powers,  G.  F.,  et  al:     Jour.  Am.  Med.  Assn.,  1922,  Ixxviii,  159. 
Renton,  M.,  and  Robertson,  M.  :     Jour.  Path,  and  Bacteriol.,  1916,  xxi,  1. 


CHAPTER  VII 

ENDEMIC  GOITRE  AND  CRETINISM 

Introduction. — Modern  research,  beginning  with  the  surgical  proced- 
ures of  Horsley  in  the  implantation  of  the  thyroid  and  with  the  therapeu- 
tic demonstration  of  Murray-  of  the  value  of  thyroid  feeding,  has  furnished 
the  material  for  many  volumes,  the  pages  of  which  are  quite  as  interest- 
ing as,  and  far  more  informing  than,  the  stories  of  the  Arabian  Nights. 
The  thyroid  gland  has  been  compared  to  the  governor  which  regulates  the 
activities  of  the  steam  engine  and  to  the  carburetor  which  determines  the 
efficiency  of  the  automobile.  For  centuries,  the  anatomy,  physiology,  and 
pathology  of  this  gland  were  AvhoUy  neglected  and  man  was  unaware  of 
its  great  importance  in  the  various  functions  of  life.  It  has  been  found 
that  the  thyroid  and  its  adnexa  regulate  the  growth  of  cells  and 
determine  their  activity.  At  present  it  seems  that  there  is  scarcely  a  life 
function  in  which  this  organ  does  not  play  an  important  part.  Through 
its  hormones  it  reaches  every  structure  of  the  animal  body  and  deter- 
mines the  rate  of  growth  of  cells,  the  wear  and  tear  in  their  structure, 
and  the  elimination  of  their  waste  products.  Apparently,  it  defends  the 
animal  body  against  the  invasion  of  harmful  microorganisms  and  the 
injurious  effects  of  their  products,  whether  they  be  in  the  form  of  secre- 
tions or  result  from  a  disintegration  of  the  invading  cells.  McCarrison 
says : 

"So  far  as  we  know  its  metabolic  activities  are  exliibited  in  the  following  way.  It 
regulates  the  oxygen  intake  and  the  carbon  dioxid  output.  It  maintains  the  constit- 
uents of  the  blood — the  red  cells,  the  white  cells,  the  hemoglobin  and  salts — at  a  proper 
level.  It  has  an  important  influence  in  regulating  the  body  temperature.  It  controls 
the  metabolism  of  those  metallic  ions  necessary  for  cellular  activity,  and  of  albumins, 
carbohydrates,  and  salts;  it  influences  the  arterial  tone  and  is  thus  concerned  in  the 
regulation  of  the  blood  pressure;  it  maintains  the  activity  of  the  central  and  sympa- 
thetic nervous  system;  it  -controls  excretion  by  its  physiological  diuretic  action  on  the 
renal  epithelium  and  by  its  action  on  the  liver  cells  and  excretory  organs  of  the  body ; 
it  stimulates  in  a  specific  way  certain  other  hormone-producing  organs,  thus  securing 
and  controlling  their  cooperation  in  regulating  metabolic  processes;  in  short  it  main- 
tains the  efficiency  of  all  cells  and  thus  speeds  up  and  keeps  at  a  healthy  level  every 
biological  function.  The  thyroid  gland  is  to  the  human  body  what  tlie  draught  is  to  the 
fire;  nay  more,  its  iodin,  by  its  chemical  interaction  with  certain  unknown  constituents 
of  the  cells,  is  the  matcli  which  kindles  it. ' ' 

Much  has  been  written  about  the  nerve  supply  of  the  thyroid  gland 
and  its  nerve  connections  with  other  endoerin  glands.  All  of  this  is  of 
value,  but,  since  it  has  been  demonstrated  that  a  thyroid  implanted  in 
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tlie  abdomen,  functions,  we  must  conclude  that  communication  between 
this  and  other  glands  is  carried  on  largely  by  messenger  rather  than  by 
wire. 

Carrel  reports  that  brain  and  other  tissues  cultivated  in  vitro  grow 
much  better  in  the  presence  of  thyroid  substance  than  when  this  is  not  a 
constituent  of  the  medium.  Gudernatsch  has  shown  that  feeding  tad- 
poles on  thyroid  gland  stimulates  growth  and  hastens  differentiation  in 
the  development  of  the  vertebrate  organism.  When  fed  upon  this  gland, 
tadpoles  reach  the  point  of  metamorphosis  within  18  days  after  hatching, 
while  normally  it  requires  from  10  to  12  weeks  to  reach  this  stage.  It 
should  be  understood  that  the  accelerated  growth  secured  in  this  way  is 
not  of  the  best  quality.  Marine  and  Rqgoff  have  employed  the  method 
of  feeding  tadpoles  with  thyroid  in  the  biologic  determination  of  the 
efficiency  of  thyroid  preparations  and  the  effect  of  the  administration 
of  iodin  on  the  hormone  content  of  the  gland. 

McCarrison  gives  the  following  definition  of  endemic  goitre: 

' '  A  chronic  infectious  disease  occurring  in  more  or  less  circumscribed  areas  and 
characterized  by  a  noninflammatory  and  progressive  enlargement  of  the  thyroid  gland, 
which  is  unattended  by  marked  functional  disturbances.  It  is  due  to  the  presence  in 
the  alknentary  tract  of  certain  undetermined  organisms,  whose  toxic  products  reach  the 
blood  stream  and  induce  in  the  thyroid  gland  hypertrophic,  hyperplastic,  and  degenera- 
tive changes.  Acting  throiigh  the  medium  of  the  maternal  blood,  these  toxins  may 
cause  hypertrophy  and  hyperplasia,  or  fibrosis  and  atrophy  of  the  fetal  thyroid,  thus 
giving  rise  to  congenital  goitre  or  to  the  varying  degrees  of  cretinism." 

It  should  be  noted  that  when  speaking  of  toxins  this  author  includes 
all  bacterial  poisons. 

History. — There  is  no  certainty  that  the  earlier  Greek  physicians  knew 
anything  about  endemic  goitre,  although  some  of  their  statements  con- 
cerning tumors  of  the  neck  have  been  so  interpreted;  on  the  contrary, 
Latin  writers,  Pliny,  Vitruvius,  Juvenal,  and  Ulpian,  were  aware  of  the 
fact  that  endemic  goitre  was  at  the  time  they  lived  frequently  seen  in 
certain  Alpine  localities.  During  the  middle  ages  this  disease  is  occa- 
sionally referred  to,  was  regarded  as  a  special  punishment  from  God, 
and  the  legend  that  it  could  be  cured  by  the  touch  of  the  King's  hand, 
arose.  In  the  stories  of  Marco  Polo,  this  great  traveler  and  Avonderful 
narrator  tells  of  its  prevalence  in  certain  regions  of  central  Asia  near 
the  close  of  the  thirteenth  century.  In  his  book,  De  Generatione  Stul- 
torum  (1516)  Paracelsus  gives  an  account  of  his  personal  observations  on 
goitre  and  cretinism  and  their  relation  among  the  inhabitants  of  Salzburg 
and  the  surrounding  country.  During  the  seventeenth  and  eighteenth 
centuries  there  appeared  many  books  and  pamphlets  detailing  observa- 
tions made  by  physicians  of  those  times  in  certain  localities,  mostly 
Alpine,  where  endemic  goitre  and  cretinism  prevailed.     In  1789  there 
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appeared  a  book,  entitled,  ''Sui  gozzi  e  suUa  stupidita"  by  Malacarne, 
giving  the  results  of  the  observations  and  studies  of  this  physician  on 
endemic  goitre  and  cretinism  in  the  Valley  of  Aosta.  This  may  be  said 
to  be  the  beginning  of  scientific  records  concerning  this  disease,  and  the 
Valley  of  Aosta  has  continued  up  to  very  recent  times  to  be  the  favorite 
visiting  place  of  those  interested  in  diseases  of  the  thyroid.  Within  the 
past  30  years,  however,  goitre  and  cretinism  have  practically  disappeared 
from  this  region. 

To  those  who  are  interested  in  the  geographical  distribution  of  endemic 
goitre  and  cretinism  in  the  past,  we  recommend  the  very  complete  rec- 
ords of  Hirseh,  the  last  edition  of  whose  work  on  this  subject  was  pub- 
lished in  1885.  Goitre  has  disappeared  from  so  many  of  the  places  where 
it  was  then  prevalent,  and  has  been  since  recognized  in  so  many  places 
where  it  was  at  that  time  unknown,  that  it  would  be  hardly  profitable 
to  abstract,  even  what  Hirseh  did,  in  minute  detail.  At  present,  goitre 
areas,  some  exceedingly  limited,  others  very  extensive,  are  found  in  all 
parts  of  subtropical  and  temperate  zones.  It  should  not  be  inferred 
from  this  that  tropical  and  Arctic  regions  are  altogether  free  from  goitre. 
There  are  nests  in  tropical  South  America,  Central  America,  the  West 
and  East  Indies,  and  the  disease  is  not  unknown  in  Siberia,  Finland,  and 
far  north  in  Canada.  While  endemic  goitre  is  more'  prevalent  at  high 
altitudes,  it  is  by  no  means  unknown  in  loAV-lying  valleys  and  on  allu- 
vial plains.  All  highlands  do  not  harbor  this  disease,  it  being  unknown 
in  the  mountains  of  Scandinavia  and  in  the  highlands  of  Scotland.  In 
Europe  and  the  United  States  there  are  certain  localized  areas  in  which 
enlargement  of  the  thyroid  gland  is  unusually  prevalent.  Within  recent 
years  some  of  the  best  studies  have  come  from  observations  and  experi- 
ments made  in  Himalayan  villages,  in  some  of  which  the  disease  is  so 
common  that  it  is  difficult  to  find  man,  woman,  or  child  not  exhibiting 
this  deformity.  In  most  Alpine  places  where  the  disease  was  common 
forty  years  ago,  improved  sanitation  has  greatly  reduced  its  prevalence. 

In  wild  animals  goitre  is  rare,  but  there  is  scarcely  a  species  brought 
into  domestication  which  is  not  susceptible  and  which  does  not  develop 
the  disease  in  the  natural  way.  This  is  true  of  herbivorous  and  omnivor- 
ous animals,  of  mammals,  birds,  and  fish.  Certain  domestic  animals, 
hogs,  sheep,  horses,  cattle,  goats,  and  possibly  others,  suffer  so  severely 
from  goitrous  conditions  that  this  at  times  constitutes  a  heavy  economic 
loss.  Among  fish,  trout  and  pike  seem  to  be  especially  susceptible,  while 
carp  and  salmon  are  less  so.  It  is  altogether  likely,  however,  that  the 
great  frequency  of  goitre  among  trout  is  due  to  the  frequency  and  abun- 
dance with  which  they  are  artificially  bred  and  reared. 

While  there  is  no  difference  between  endemic  and  epidemic  goitre,  the 
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latter  term  is  used  to  designate  the  acute  or  subacute  appearance  of  this 
condition  in  numbers  of  men  passing  from  a  nonendemic  into  an  endemic 
area.  This,  of  course,  may  happen  to  an  individual  or  to  a  small  party, 
but  it  has  been  observed  that  Avhen  troops  are  moved  from  a  nonendemic 
into  an  endemic  area  considerable  numbers  are  likely  to  develop  goitre 
within  a  few  weeks  and  the  longer  the  continuance  of  residence  of  sus- 
ceptibles  in  the  endemic  area  the  larger  is  the  proportion  of  those 
affected.  The  first  so-called  epidemic  of  goitre  was  reported  among 
French  troops  from  1783  to  1789.  A  regiment  Avhich  had  been  garrisoned 
at  Caen  for  five  years  was  transferred  to  Nancy  where  the  disease  was 
slightly  endemic  in  1783.  During  the  Avinter  of  1783-1784,  38  of  these 
men  became  goitrous;  in  1785  this  number  increased  by  205;  in  1786,  by 
425.  After  the  last  given  year  the  number  gradually  decreased,  but 
during  the  six  years  1,100  men  out  of  four  battalions  developed  goitre. 
There  were  a  few  cases  in  another  military'  organization  which  had  been 
stationed  at  Nancy  for  many  years  and  a  few  cases  among  the  civil 
population,  but  there  was  nothing  like  an  epidemic  except  among  the 
troops  that  had  come  from  Caen,  a  nonendemic  place.  It  was  noted  that 
the  development  of  goitre  Avas  confined  to  the  common  soldiers  and  did 
not  affect  either  noncommissioned  or  commissioned  ol^cers.  One  ex- 
planation given  at  the  time  for  this  discrimination  Avas  that  the  officers 
drank  wine,  Avhile  the  men  Avere  compelled  to  be  content  Avitli  Avater.  This 
interpretation  seems  to  have  been  founded  upon  a  presumption,  and 
there  is  no  probability  that  either  common  soldier  or  officer  at  that  time 
in  the  French  Army  drank  Avater.  A  more  satisfactory  explanation  Avas 
that  the  immunity  shown  by  the  officers  Avas  due  to  the  fact  that  they 
Avere  housed  more  satisfactorily  and  Avere  not  brought  into  intimate  per- 
sonal contact.  From  that  time  quite  to  the  present,  similar  epidemics  of 
goitre  have  been  reported  in  France,  most  frequently  among  young  sol- 
diers recently  recruited  from  nonendemic  areas  and  brought  into  crowded 
barracks  in  endemic  places.  These  outbreaks  in  France  have  not  been 
confined  to  soldiers.  One  Avas  reported  in  a  boarding-house  in  a  Adllage 
near  Paris ;  another  in  a  college  in  Strasbourg,  and  from  a  high  school  in 
Belfort.  Several  epidemics,  both  among  troops  and  students  have  been 
reported  at  various  places  in  southeastern  France,  especially  along  the 
Swiss  border.  In  1820  a  battalion  of  recruits  Avas  assembled  at  Silberberg 
in  Silesia,  There  Avere  380  of  these  and  they  Avere  young  men  draAvn 
largely,  if  not  altogether,  from  localities  in  Avhich  goitre  Avas  practically 
unknoAvn.  Within  a  fcAV  Aveeks  70  of  these  presented  markedly  enlarged 
thyroids.  In  the  Russian  campaign  against  Turkestan  in  1877  in  one 
garrison  of  2,753  troops  there  developed  Avithin  a  short  time  245  cases 
of  goitre.     The  troops  Avere  then  removed  to  a  nearby  but  nonendemic 


ENDEMIC    GOITRE   AND    CRETINISM  119 

area,  aud  apparently  there  was  no  further  progress  of  this  abnormal 
condition.  In  a  war  between  Brazil  and  Paraguay  it  is  reported  that 
when  the  Brazilian  troops  reached  an  area  of  endemic  goitre  they  were 
so  generally  affected  that  en  masse  they  deserted  and  fled  to  their  homes. 
Numerous  slight  epidemics  of  goitre  have  .been  reported  from  boarding 
schools  in  France,  Switzerland,  Austria,  and  India.  Various  explana- 
tions have  been  offered.  In  most  instances  each  such  explanation  satis- 
fies so  far  as  local  conditions  are  concerned,  but  in  all  instances  there 
is  failure  to  justify  any  generalization.  There  are  instances  in  which 
goitre  apparently  has  been  introduced  into  localities  where  hitherto  it 
had  been  unknown.  McCarrison  tells  of  a  village  in  the  foot-hills  of  the 
Himalayas  where  this  disease  was  unknown  until  a  goitrous  faijiily  came 
to  live  in  it.  Within  seven  or  eight  years  there  were  in  this  village  of 
1,500,  31  eases  of  goitre,  29  of  which  were  in  people  under  sixteen  years 
of  age,  the  majority  being  boys.  According  to  this  author,  goitre  may 
appear  within  ten  days  after  a  susceptible  comes  to  an  endemic  area, 
especially  if  the  newcomer  be  a  young  adult.  In  most  instances  new- 
comers to  a  goitrous  district  develop  the  deformity  within  from  six 
weeks  to  three  months  after  their  arrival.  The  liability  increases,  how- 
ever, with  prolonged  residence  and  after  six  or  eight  years  all  newcomers 
to  goitrous  districts  develop  the  deformity,  provided  they  were  not  more 
than  eighteen  years  old  when  they  came.  Susceptibility  apparently  de- 
creases with  age. 

In  endemic  localities  there  is  from  time  to  time  marked  fluctuation  in 
the  intensity  of  the  disease  as  determined  by  the  proportion  of  people 
affected.  For  some  years  this  proportion  grows  constantly  larger  and 
then  follows  a  period  of  decline.  These  increasing  and  decreasing 
manifestations  are  apparently  without  explanation.  Some  localities 
where  a  few  years  before  a  large  proportion  of  the  inhabitants  was  in- 
volved, may  show  so  marked  a  decline  that  only  a  few  isolated  cases  are 
in  CAadence.  Then  for  some  unknown  reason  the  cause,  whatever  it  may 
be,  manifests  greater  activity.  In  a  study  made  of  the  fluctuations  in 
goitre  in  60  departments  in  France  it  was  shown  that  between  the  years 
1830  and  1865  the  endemic  had  increased  in  16,  diminished  in  17,  and 
remained  practically  stationary  in  the  remainder.  Of  the  17  localities  in 
which  goitre  had  diminished,  15  had  formerly  been  among  the  most  goi- 
trous in  the  whole  of  France.  In  many  localities  in  northern  Italy  for- 
merly highly  goitrous,  a  case  is  now  seldom  seen.  Speaking  of  these 
fluctuations,  E^vald  says: 

"As  these  observations  have  been  authenticated  by  reliable  investigators  and  are, 
moreover,  of  so  simple  a  nature  that  error  is  almost  excluded,  they  acquire  great  im- 
portance for  the  etiology  of  goitre,  as  thoy  show  that  the  primary  cause  of  the  disease 
cannot  be  a  permanent  and  unchanging  condition  inherent  in  the  locality  concerned, 
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but  must  be  sought,  partially  at  least,  in  such  conditions  as  are  subject  to  fluctuations, 
sometimes  augmenting  and  sometimes  declining." 

In  all  eases  there  must  be  some  explanation.  Marine  and  Kimball  say 
that  many  years  ago  the  industry  of  sheep  raising  in  Michigan  was  seri- 
ously threatened  by  the  wide  prevalence  of  goitre  among  these  animals. 
The  disease  was  eliminated  from  this  region  unconsciously  by  the  sup- 
planting of  imported  salt  by  the  native  product,  which  contains  iodin  and 
bromin,  goitre  preventing  constituents  of  the  food. 

It  seems  desirable  that  we  should  go  more  fully  into  the  prevalence 
and  distribution  of  endemic  goitre  in  the  Western  Hemisphere,  and  espe- 
cially in  the  United  States  and  Canada.  It  seems  quite  certain  that  there 
were  goitrous  areas  in  both  North  and  South  America  among  the  Indians 
when  the  white  man  first  came.  In  one  of  the  first  chronicles  concerning 
Peru  (1688)  we  are  informed  that  there  were  certain  tribes  characterized 
by  great  bunches  hanging  from  their  throats.  These  goitres  were  desig- 
nated by  a  special  name,  papamarca  or  papas,  translated  into  the  English 
word  dewlaps,  and  they  were  said  to  be  numerous.  A  more  recent  (1777) 
author  wrote  of  goitre  as  a  disease  among  Indians  living  in  the  valleys 
of  the  Cordilieres.  Gage,  writing  in  1787,  tells  of  a  priest  in  Mexico  who 
had  an  enormous  goitre,  and  states  that  the  same  deformity  was  common 
among  men  and  women  of  the  neighborhood  in  which  the  priest  lived  and 
that  this  defect  was  popularly  believed  to  be  due  to  the  drinking  water. 
The  prevalence  of  goitre  in  Central  America,  especially  in  G-uatemala  and 
Nicaragua,  was  recorded  by  early  Spanish  writers.  The  same  authorities 
state  that  this  deformity  v/as  highly  prevalent  in  and  roundabout 
Santa  Fe. 

In  Richardson's  Journal  of  Franklin's  Journey  to  the  Shores  of  the 
Polar  Sea  is  the  following  statement  concerning  goitre  and  cretinism  at 
Edmonton : 

"A  residence  of  a  single  year  at  Edmonton  is  sufficient  to  render  a  family  broncho- 
eelous.  Many  of  the  goitres  acquire  great  size.  Burnt  sponge  has  been  tried  and  found 
to  remove  the  disease,  but  an  exposure  to  the  same  cause  immediately  reproducesi  it. 
A  great  proportion  of  the  children  of  women  who  have  goitres,  are  bom  idiots,  with 
large  heads  and  the  other  distinguishing  marks  of  cretins.  I  could  not  learn  whether 
it  was  necessary  that  both  parents  should  have  goitres  to  produce  cretin  children; 
indeed  the  want  of  chastity  in  the  halfbreed  women  would  be  a  bar  to  the  detection 
of  any  inference  on  this  head." 

In  the  winter  of  1797-1798,  Barton,  then  a  professor  in  the  Medical 
School  of  the  University  of  Pennsylvania,  made  a  journey  through  New 
York  State,  in  which  he  observed  a  striking  prevalence  of  goitre  among 
both  the  Indians  and  the  settlers.  He  states  that  at  that  time  the  east- 
ern boundary  of  the  goitrous  area  was  about  Little  Falls  on  the  Mohawk 
River,  56  miles  west  of  Albany,  and  that  it  extended,  varying  in  degree 
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in  different  localities,  as  far  west  as  Lake  Erie.  Barton  observed  this 
defect  to  be  most  prevalent  in  and  about  Manlins,  where  swollen  necks 
were  not  confined  to  human  beings,  but  were  quite  common  among  sheep 
and  cattle.  It  seems  that  horses  were  less  commonly  affected.  Barton 
thought  that  many  of  the  settlers  in  central  and  western  New  York 
became  alarmed  at  the  appearance  of  goitre  and  on  this  account  they 
returned  to  New  England. 
Barton  makes  the  following  statement : 

"Some  of  the  most  remarkable  cases  of  tlie  disease  are  in  a  Dutch  family  which 
lives  upon  the  north  side  of  the  Mohawk  River,  immediately  opposite  to  Old  Fort 
Schuyler.  This  family  consists  of  a  father,  a  mother,  and  four  or  five  children.  Every 
one  of  them  is  afSicted  with  the  goitre.  The  swellings  occasion  some  of  them  to  look 
hideous.  This  family  removed  from  the  river  below  this,  to  the  place  where  they  now 
dwell,  about  15  years  ago,  at  which  time  they  had  nothing  of  the  disease  among  them. ' ' 

Barton  did  not  forget  to  look  for  cretinism  among  these  people  and 
was  surprised  that  he  did  not  find  it.  He  says  that  he  heard  there  were 
cretins  among  the  Indians  farther  west  in  the  neighborhood  of  what  is 
now  Sandusky,  Ohio,  The  rarity  of  cretinism  among  the  Indians,  Barton 
was  inclined  to  attribute  to  the  nomadic  habits  of  these  people;  in  fact, 
in  the  goitrous  areas  visited  by  Barton  there  were  no  settlements  occupied 
by  whites  or  reds  for  any  long  period  of  time.  Barton  evidently  believed, 
and  he  was  probably  right  in  this  belief,  that  cretinism  follows  goitre 
only  after  several  generations.    He  wrote  as  follows: 

"In  Europe,  where  this  disease  (goitre)  has  been  known  for  near  2,000  years,  as 
the  observation  of  Juvenal  shows,  there  has  been  time  sufficient  to  give  rise  to  cretin- 
ism, if  a  long  continuance  of  time  vsdll  produce  it.  In  many  parts  of  America,  on  the 
contrary,  the  causes  have  not  had  an  opportunity  of  producing  all  their  full  effects; 
for  few  of  those  districts  in  which  the  goitre  is  known  to  exist  have  been  inhabited  by 
the  same  people  during  a  period  of  even  200  years.  The  aboriginal  (or  rather  Indian) 
inhabitants  of  North  America  have  ever  been  distinguished  for  their  rambling  disposi- 
tion. None  of  the  European  settlements  in  America  are  300  years  old,  and  many  of 
those  in  which  the  goitre  is  most  common  are  not  40.  Some  of  the  most  ancient 
European  settlements  in  the  New  World  are  those  of  Guatemala,  Santa  Fe,  and  other 
parts  of  the  southern  countries  of  North  America;  and  it  is  in  these  countries  that  the 
goitre  is  most  common.  It  was  common  at  Sacapula  when  Gage  visited  that  place  in 
the  year  1626i;  it  is  still  common  there.  At  the  village  of  lacaltenango,  in  the  neig^h- 
borhood  of  Sacapula,  it  is  asserted  that  every  one  of  the  inhabitants  has  a  goitre;  and 
it  is  certain,  that  the  disease  is  beginning  to  excite  great  alarm  in  these  and  other 
Spanish  settlements  of  America." 

In  1825  Denny  wrote  concerning  the  prevalence  of  goitre  in  Pittsburgh 
and  vicinity.  This  author  states  that  goitre  was  unknown  among  the 
Indians  and  French  at  the  time  the  latter  built  and- occupied  Ft.  Duquesne, 
but  that  it  later  became  highly  prevalent  in  that  region.  He  wrote  as 
follows : 
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"In  1798  out  of  a  population  of  1,400,  150  were  goitrous.  In  1S06,  and  for  some 
years  thereafter,  entire  families  became  goitrous,  and  the  cliildren  in  one  of  the  com- 
mon schools  were  all  affected.  In  the  surrounding  country  the  malady  was  recog-hized 
in  every  direction  and  sometimes,  indeed,  in  airy  and  elevated  situations,  though  chiefly 
on  the  waters  of  Chartiers,  a  branch  of  the  Ohio  on  the  south  side,  which,  in  its  course 
to  pay  the  first  tribute  to  that  beautiful  river,  meanders  through  a  rich  and  early  set- 
tled valley,  bordered  by  hills  of  coal.  In  the  town  it  was  most  common  among  the 
fajnilies  on  the  banks  of  the  Monongahela,  perhaps  from  the  population  beginning  in 
that  quarter;  but  certainly  not  from  the  supposed  fact,  represented  to  the  late  Profes- 
sor Barton,  'that  the  inhabitants  formerly  drank  the  water  of  the  neighboring  rivers.' 
The  inhabitants  drank  well  water  only,  from  1793  to  1806,  whilst  new  cases  occurred 
every  year.  Now,  when  the  water  of  the  river  is  substituted  by  many  for  the  polluted 
fountains  of  a  crowded  city,  a  recent  goitre  is  unknown.  The  families  on  the  banks 
have  had  wells  for  the  last  30  years.  They  are  sunk  nearly  to  the  ordinary  level  of 
the  Monongahela,  yet  the  water  differs  from  that  of  the  river  in  its  sensible  qualities." 

Denny  states  that,  among  all  the  goitrous  individuals  in  and  about 
Pittsburgh  of  that  time,  he  knew  of  only  one  case  of  cretinism,  and  he 
says  that  idiotism  was  pronounced  in  this  Avoman  before  her  thyroid 
gland  was  appreciably  enlarged.  This  observer  was  quite  convinced  that 
there  Avas  some  miasmatic  exhalation  from  the  coal  veins  which  caused 
goitre. 

During  the  nineteenth  century,  from  time  to  time,  some  progressive 
physician  called  attention  to  the  unusual  prevalence  of  goitre  through- 
out the  region  of  the  Great  Lakes,  especially  in  Ohio,  Michigan,  and  Wis- 
consin. During  the  same  time,  equally  observant  physicians  in  various 
localities  of  the  Northwest,  reported  on  goitre  within  the  areas  of  their 
practice.  Hrdlicka  has  called  attention,  from  time  to  time,  to  the  prev- 
alence of  this  defect  in  certain  Indian  tribes.  In  1916  he  visited  the 
Cheyenne  River  and  Ft.  Yates  Sioux. 

"The  peoi^le  in  question  are  the  Cheyenne  Eiver  and  Ft.  Yates  Sioux,  and  were 
visited  by  the  writer  last  April.  The  frequency  of  goitre  among  the  Chej'enne  River 
bands  (Blackfeet  and  Two  Kettle)  has  been  known  for  many  years.  In  1908,  on  the 
occasion  of  the  writer's  report  on  various  diseases  among  the  Indians,  they  were  in 
that  respect  at  the  head  of  the  column,  with  61.4  cases  of  goitre  per  1,000  population, 
compared  to  three  per  1,000  for  the  United  States  Indians  as  a  whole.  But  the  present 
extent  and  the  equally  great  or  even  greater  frequency  of  the  disease  in  certain  parts 
of  the  Ft.  Yates  territory  have  not  been  suspected.  *  '••'  *  The  foremost  question  in  this 
connection  is,  what  are  the  causes  of  this  localized  prevalence  of  serious  disturbances 
of  the  thyroid  gland.  It  is  not  a  tribal  peculiarity,  for  other  branches  of  the  Sioux 
away  from  the  river  are  less  affected.  There  is  no  evidence  that  the  disease  exists  for 
any  great  distance  along  the  Missouri,  or  is  common  among  the  whites  of  the  same 
localities.  The  water  used  by  the  natives  is  mostly  that  of  the  Missouri  and  its  small 
affluents.  The  present  habits  of  these  Indians  are  those  of  fairly  civilized  Indians  in 
general.  They  were  always  hunters  and  great  meat  eaters,  and  are  doubtless  still 
more  so  than  agricultural  tribes,  but  this  is  true  of  all  the  Sioux.  The  country  is  of 
the  rolling  prairie  type,  the  climate  rigorous  but  not  oversevere,  malarial  infections 
are  infrequent,  but  scrofula,  consumption  and  venereal  diseases  prevail;  all  of  which 
affords  no  clue  as  to  the  causes  of  the  goitre." 
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In  the  examination  of  draft  men  upon  our  entrance  into  the  World 
War,  there  was  quite  a  surprise  for  us  in  the  large  number  of  men  found 
disqualified  for  military  service  on  account  of  goitre.  It  has  been  gen- 
erally found  where  goitre  prevails  that  the  number  of  cases  among 
females  is  about  six  times  that  among  males,  and  still  the  records  of  draft 
boards  show  that  -nearly  one  per  cent  of  the  young  men  examined  were 
unfit  for  military  service  on  account  of  goitre.    Moreover,  these  goitrous 
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men  came  from  certain  definite  sections  of  the  country.  As  shown  on  the 
map,  simple  goitre  is  most  common  in  the  northwestern  corner  of  our 
country,  including  the  states  of  Washington,  Oregon,  Montana,  Idaho, 
Wyoming,  and  Utah.  Wisconsin  and  Michigan  also  show  high  rates.  It 
is  least  frequent  in  the  southern  states.  Expressed  in  tabular  form  by 
physiographic  areas,  we  observe  that  simple  goitre  is  14  times  as  preva- 
lent in   mountain   districts   as   near   the   seashore.     The   distribution   of 
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exoplitlialmic  goitre  is  somewliat  different,  being  less  in  the  desert  tlian 
in  the  maritime  areas. 

Table  II 

Goitre  Among  Drafted  Men 

case  rate  per  1,000  men 
area  simple  exophthalmic 

Eastern  Manufacturing  1.87  2.28 
Mining  9.47  3.10 
Desert  .  2.98  .66 
Maritime  .70  1.39 
Mountain  10.03  4.67 
(''Defects  of  Drafted  Men,"  War  Dept.,  1920,  p.  323.) 

The  states  of  greatest  prevalence  for  exophthalmic  goitre  are  Wash- 
ington, Wisconsin,  Michigan,  Oregon,  Illinois,  Ohio,  Pennsylvania,  Mis- 
souri, and  West  Virginia.  Exophthalmic  goitre  was  15  times  as  prev- 
alent in  Chicago  as  in  Boston.  Evidently  there  is  excellent  opportunity 
for  the  study  of  the  epidemiology  of  goitre  in  this  country. 

The  distribution  of  simple  goitre  within  a  state  shows  rather  wide  vari- 
ation. Thus  in  Michigan,  the  City  of  Detroit  shows  a  ratio  of  but  6.90 
per  1,000,  whereas  in  the  northern  peninsula  the  ratio  is  25.62.  In  Sec- 
tion 2  (nonmining  area  of  northern  peninsula  and  whole  of  central  area 
of  southern  peninsula)  the  ratio  is  15.15;  Section  3  (eastern  double  range 
of  counties  next  to  Lakes  Huron  and  Erie)  7.13;  Section  5  (counties  on 
west  side  adjacent  to  Lake  Michigan)  13.05;  total  for  the  state,  11.30. 
Certain  areas,  like  those  of  central  and  western  New  York,  highly  goi- 
trous 100  years  ago,  are  practically  free  from  this  defect  at  the  present 
time.  We  should  be  able  to  determine  whether  it  is  the  drinking  water, 
and,  if  so,  what  constituent  of  the  water  is  responsible  for  abnormal 
metabolism  in  the  thyroid  gland. 

Hypothyroidism. — In  1873  Gull  reported  to  the  Clinical  Society  of 
London  five  cases  of  a  disease  the  chief  characteristics  of  which  were 
mental  apathy  and  marked  edema  covering  a  large  part  of  the  body.  The 
title  of  Gull's  paper  is,  ''A  Cretinoid  State  Supervening  in  Adult  Life  in 
Women."  In  1874  Kocher,  of  Berne,  in  reporting  cases  of  complete 
thyroidectomy,  called  attention  to  mental  and  physical  disturbances 
which  in  some  instances  followed  this  operation.  At  that  time  he  was 
not  satisfied  whether  any  relation  existed  between  the  extirpation  of  the 
gland  and  the  subsequent  changes  in  the  patient.  In  1877  Ord,  of  Lon- 
don, reported  six  cases,  which  he  called  myxedema,  characterized  by 
edematous  infiltration  of  the  skin.  The  cases  of  both  Gull  and  Ord  were 
all  in  women.  In  1880  Savage  reported  a  case  of  myxedema  in  a  man, 
and  about  the  same  time  Madden  called  attention  to  the  fact  that  in  all 
cases  of  myxedema  the  thyroid  gland  is  found  to  be  atrophied.     During 
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the  eighties  of  the  nineteenth  century  two  eminent  Swiss  surgeons,  Rever- 
din,  of  Geneva,  and  Kocher,  of  Berne,  both  of  whom  were  frequently 
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removing  enlarged  thyroids,  began  to  report  that  in  some  instances  this 
operation  was  followed  by  certain  definite  signs  and  symptoms  which, 
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however,  were  variable  in  degree.  Finally,  both  of  these  men  were  con- 
vinced that  the  development  of  these  untoward  conditions  is  determined 
by  the  completeness  with  which  the  thyroid  gland  had  been  removed. 
When  the  extirpation  is  thorough  and  there  are  no  accessory  thyroid 
glands  which  may  develop,  the  myxedematous  condition  invariably  re- 
sults. However,  the  extent  to  AA^hich  it  develops  depends  upon  the  age 
of  the  individual  upon  whom  the  operation  has  been  made.  Operative 
hypothyroidism  has  supplied  much  valuable  and  exact  knowledge  con- 
cerning the  function  of  this  gland.  When  complete  thyroidectomy  is 
made  upon  a  child,  both  the  ph3^sical  and  mental  development  is  arrested 
and,  depending  upon  the  age,  the  child  becomes  an  idiot,  an  imbecile,  or 
a  dullard.  When  complete  thj^roidectomy  is  made  upon  an  adult  the 
untoward  symptoms  appear  more  slowly  and  are  never  so  marked  as  in 
childhood.  Quite  naturally,  there  can  be  no  arrest  of  growth  because  this 
has  already  reached  its  maximum,  but  even  in  adults  clumsiness  in  move- 
ment, inability  to  work,  incoordination  in  movement,  and  mental  slug- 
gishness follow.  In  essence  therefore,  there  is  no  difference  in  the  effects 
of  operative  hypothyroidism  on  children  or  adults.  The  differences  are 
those  of  degree  rather  than  of  kind.  The  cause  in  both  instances  is  the 
same  and  is  due  to  a  suppression  of  thyroid  function.  Operative  hypo- 
thyroidism has  been  practiced  extensively  upon  domestic  animals,  espe- 
cially goats,  sheep,  rabbits,  and  dogs,  and  it  has  invariably  been  found 
that  in  the  adult  animal  there  is  arrest  and  even  retrocession  of  intellect- 
ual qualities,  and  in  the  young  these  symptoms  are  accompanied  by  arrest 
in  growth.  It  follows  from  the  observations  on  operative  hypothyroidism 
in  man  and  experimental  hypothyroidism  in  animals,  that  the  thyroid 
gland  cannot  be  wholly  removed  and  the  body  entirely  deprived  of  its 
function  without  material  deterioration  in  physical  and  intellectual  devel- 
opment. The  investigation  has  gone  further  and  has  shown  that  after 
operative  or  experimental  hypothyroidism  has  been  induced  the  condi- 
tion of  the  individual,  be  it  man  or  beast,  may  be  improved  and  probably 
returned  to  normal,  provided  that  it  has  not  continued  too  long,  either 
by  implanting  a  thyroid  gland  or  a  part  of  one  in  some  part  of  the  body, 
or  by  the  administration  by  mouth  of  a  thyroid  gland  or  some  particular 
preparation  made  from  it. 

In  1891  Murray,  after  studying  the  effects  produced  by  the  entire 
removal  and  subsequent  implantation  of  the  thyroid  gland  by  Ilorsley 
in  animals,  determined  to  treat  myxedema  with  an  extract  of  these 
glands.  The  first  patient  upon  whom  this  experiment  was  made  was  at 
that  time  a  woman  of  forty-six  years  of  age.  Her  condition  was  as 
follows : 

"She  complains  of  languor,  a  disinclination  to  see  strangers,  and  great  sensitiveness 
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to  cold.  The  temperature  is  subnormal,  and  Taries  between  95.6°  and  97.2°  in  the 
mouth.  The  pulse  varies  between  60  and  70.  The  face  is  blank  and  expressionless 
and  the  features  are  notably  thickened.  This  change  is  well  seen  in  the  alae  nasi  and 
lips.  The  subcutaneous  connective  tissues  of  the  eyelids  are  so  swollen  that  she  finds 
it  difficult  to  look  upwards.  There  is  also  considerable  swelling  beneath  the  eyes  and 
of  the  cheeks.  The  hands  and  feet  are  both  enlarged;  the  former  have  that  peculiar 
shape  which  has  been  described  as  spade-like.  The  skin  is  very  dry,  there  is  no  per- 
spiration, and  the  superficial  layers  of  the  epidermis  are  continually  being  shed  as  a 
fine  white  powder.  The  hair  is  very  fine  in  texture,  and  a  considerable  quantity  of  it 
has  been  lost.  She  is  slow  in  answering  questions;  all  her  actions  are  slow  and  are 
performed  with  difficulty.  The  speech  is  remarkably  slow  and  drawling  and  the  mem- 
ory is  bad.  No  thyroid  gland  can  be  felt  in  the  neck.  The  urine  contains  no  albumin 
or  sugar." 

Murray  prepared  and  administered  a  glycerin  extract  of  the  thyroid 
gland  of  a  sheep,  and  three  months  later  the  condition  of  the  woman  is 
described  as  follows: 

"The  swelling  has  gradually  diminished,  and  has  practically  disappeared  from  the 
backs  of  the  hands,  the  skin  over  them  being  now  loose  and  freely  movable.  The  lips 
are  much  smaller.  The  swelling  of  the  upper  eyelids  has  diminished  so  much  that  she 
can  look  upwards  quite  easily.  The  swelling  beneath  the  eyes  and  of  the  cheeks  has 
also  much  diminished.  The  face  consequently,  as  a  whole,  has  gradually  improved 
in  appearance  and  has  much  more  expression,  as  many  of  the  natural  wrinkles,  espe- 
cially about  the  forehead,  have  returned.  The  speech  has  become  more  rapid  and 
fluent,  the  drawl  being  scarcely  noticeable  at  the  present  time.  She  answers  ques- 
tions much  more  readily,  the  mind  has  become  more  active,  and  the  memory  has 
improved.  She  is  more  active  in  all  her  movements,  and  finds  that  it  requires  much 
less  effort  than  formerly  to  do  her  housework.  She  now  walks  about  the  streets  without 
any  hesitation  without  a  companion.  She  has  menstruated  normally  during  the  last 
six  weeks  at  the  regular  interval.  For  the  last  four  weeks  the  skin  has  been  much 
less  dry  and  she  perspires  when  walking.  The  hair  remains  as  before.  She  is  no 
longer  so  sensitive  to  cold.  Unfortunately,  owing  to  circumstances  a  daily  record  of 
temperature  has  not  been  kept,  but  out  of  four  observations  that  have  been  made 
lately,  about  11  A.  m.,  three  times  the  temperature  has  been  98.2°   and  once  97.4°." 

For  some  time  the  thyroid  extract  was  administered  at  intervals  of 
two  weeks  snbcutaneously,  twenty-five  minims  at  a  time,  although  during 
the  first  three  or  four  weeks  this  amount  was  given  twice  a  week.  After 
Mackenzie  had  shown  in  1892  that  administration  by  mouth  accomplishes 
the  same  purpose,  this  woman  took  ten  minims  by  mouth  six  nights  out 
of  each  week.  In  1918  when  it  became  difficult  to  obtain  glycerin  extract 
she  was  fed  on  thyroid  tablets.  This  woman  continued  in  most  excellent 
health  until  early  in  1919  when  she  developed  edema  of  the  lower  extrem- 
ities and  died  in  May  of  that  year  at  the  age  of  seventy-four  from  car- 
diac failure.  During  the  28  years  Murray  computes  that  this  woman 
consumed  over  nine  pints  of  liquid  thyroid  extract  or  its  equivalent  pre- 
pared from  the  thyroid  glands  of  more  than  870  sheep. 

Hypothyroidism  may  result  from  other  conditions  than  operation  and 


ENDEMIC    GOITRE   AND    CRETINISM  129 

it  may  manifest  itself  in  widely  varying  degrees,  depending  upon  the 
extent  to  which  the  gland  fails  to  perform  its  functions  normally.  In  the 
adult,  nonoperative  hj^pothyroidism  is  essentially  a  chronic  disease  de- 
veloping slo"\vly  with  periods  of  augmentation  and  recession,  extending 
often  through  many  years  before  easily  and  plainly  recognizable  symp- 
toms are  in  evidence.  There  may  or  may  not  be  visible  or  palpable 
enlargement  of  the  thyroid  gland.  In  the  infectious  diseases  a  thy- 
roiditis may  be  induced  and  hypothyroidism  comes  as  a  sequel.  This 
condition  has  been  observed  after  pneumonia,  malaria,  typhoid  fever, 
and  possibly  other  infectious  diseases.  Cases  have  been  reported  in  chil- 
dren in  which  myxedema  has  followed  measles,  has  continued  for  years, 
and  after  death  no  trace  of  thyroid  tissue  could  be  found;  in  other  words, 
the  disease  had  completely  deprived  the  individual  of  the  function  of 
this  gland.  Spontaneous  hypothyroidism,  as  this  form  is  called,  is  more 
frequent  in  women  than  in  men,  especially  among  women  who  have  borne 
children  rapidly  and  whose  health  has  been  reduced  from  this  cause  and 
subsequent  lactation.     In  writing  of  this  condition,  Crotti  says: 

"The  debut  of  the  disease  is  insidious,  slow  and  progressive.  Without  apparent 
cause,  more  often  during  the  convalescing  period  of  an  acute  infectious  disease,  a  pro- 
gressive weakness,  physical  apathy,  and  an  intellectual  toi*i3or,  combined  with  anemia, 
are  observed.  The  true  significance  of  such  conditions,  as  a  rule,  is  not  understood  and 
the  patient  is  treated  for  anemia.  Under  medical  treatment  and  rest  these  conditions 
are  improved  or  retrocede  entirely,  but  after  a  few  weeks  or  months  they  relapse  again, 
and  then  they  follow  their  slow  but  progressive  course,  which  may  last  ten,  twenty,  or 
even  forty  years.  In  the  full  development  of  the  disease  the  face  is  swollen,  the  lips 
are  thick  and  everted,  especially  the  lower  one,  and  the  nose  and  mucous  membrane 
of  the  nasopharynx  are  swollen,  too.  This  swelling  compels  the  patient  to  breathe 
with  open  mouth  while  sleeping,  hence  causing  loud  snoring.  The  tongue  is  thick,  chin 
plump,  and  on  account  of  the  swelling  of  the  eyelids  the  eyes  seem  to  be  smaller ;  the 
cheeks  are  flabby  and  the  lines  of  the  face  have  a  remarkable  immobility;  this  alto- 
gether gives  the  patient  an  air  of  stupidity.  His  forehead  is  often  wrinkled  and  his 
eyebrows  are  elevated  in  order  to  raise  the  swollen  lids  above  the  line  of  vision.  In 
opposition  to  what  is  seen  in  cardiac  and  renal  diseases,  where  edema  obliterates  the 
wrinkles  of  the  face,  in  myxedema  it  exaggerates  them.  The  skin  is  yellowish  v»liite, 
waxy,  with  a  slight  redness  on  both  malar  regions.  *  *  *  The  hands  and  feet  are 
thick  and  clumsy,  the  fingers  have  the  shape  of  small,  round  sausages,  and  move  with 
difficulty;  hence  the  name  'spade-hands'  of  Gull.  *  *  "  The  symptoms  evidenced  by 
the  nervous  system  are  very  striking.  They  consist  in  a  weakened  memory,  slow  mental 
processes,  diminution  of  the  capacity  of  coordination,  and  diminished  activity  of  the 
organs  of  sense  and  of  the  reflexes.  The  patient  answers  questions  slowly-  and  becomes 
irritable  if  pressed  with  them.  Although  he  may  usually  be  of  a  gentle  disposition, 
he  will  at  times  show  remarkable  bursts  of  rage.  Any  mental  or  physical  exertion  is 
a  burden  to  him;  his  speech  is  slow,  but  not  stammering  or  monosyllabic.  His  sIoav- 
ness  is  due  to  a  slow  process  of  ideation.  His  voice  is  more  or  less  husky  on  account 
of  the  edema,  of  the  laryngeal  mucous  membrane.  The  organs  of  special  sense  are 
quite  often  affected;  hearing,  sight,  taste  and  the  sense  of  smell  are  diminished.     Deaf- 
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ness,  to  a  greater  or  less  degree,  is  common,  and  it  is  not  only  due  to  infiltration  of 
the  mucous  membrane,  but  also  seems  to  be  of  central  origin." 

Spontaneous  infantile  hypothyroidism  is  more  frequent  than  its  adult 
manifestations.  In  its  effects  upon  the  child  much  depends  upon  the 
age  at  which  the  thyroid  gland  ceases  to  normally  supply  the  products 
needed  by  the  body.  The  gland  is  always  present  but  it  may  be  either 
hypertrophied  or  atrophied.  The  condition  of  the  individual  is  not  deter- 
mined by  the  size  of  the  gland  but  by  the  extent  to  which  it  functions.  It 
is  claimed  by  some  that  these  cases  are  due  to  infection  through  the  pla- 
centa, while  others  hold  that  the  cause  of  this  condition  lies  in  some  nutri- 
tional disturbance.  As  a  rule,  or  at  least  in  fifty  per  cent  of  cases,  there 
is  some  enlargement  of  the  maternal  thyroid  during  pregnancy  and  this 
enlargement  is  accompanied  by  evidence  of  increased  elaboration  of  thy- 
roid products.  Apparently,  the  pregnant  woman  must  supply  thyroid 
hormones  not  only  for  her  own  metabolic  processes,  but  also  for  those 
upon  which  the  growth  of  the  fetus  depends.  Tuberculosis,  syphilis,  and 
alcoholism  in  the  mother  have  been  accused  of  being  responsible  for 
hypothyroidism  in  the  infant. 

Cretinism. — This  distressing  condition  is  due  to  congenital  hypothy- 
roidism and  the  failure  to  function  on  the  part  of  the  thyroid  may  be 
partial  or  complete.  When  the  condition  physiologically  is  one  of  athy- 
roidism  there  is  no  physical  or  mental  development  of  the  child.  It  is 
believed  that  every  cretin  is  born  of  parents  one  or  both  of  whom  has  a 
goitre.  The  relation  between  hypothyroidism  in  parents  and  cretinism 
in  the  offspring  certainly  admits  of  no  dispute  and  has  been  recognized 
as  an  established  fact  by  all  who  have  investigated  this  matter.  Fodere 
wrote:  ''Goitre  is  only  the  first  degree  of  a  degeneration  whose  last 
manifestation  is  cretinism."  Fabre  said:  ''Goitre  is  the  parent  of  cre- 
tinism." Morel  is  authority  for  the  dictum:  "One  develops  goitre,  one 
is  born  a  cretin."  The  report  of  the  Sardinian  Commission  to  study 
goitre  and  cretinism  contains  the  following  statement: 

"Cretinism  does  not  behave  like  the  hereditary  diseases  inasmuch  as  it  is  not  the 
predisposition  to  cretinism  but  it  is  cretinism  itself  which  is  transmitted  from  parents 
to  offspring. ' ' 

Hirsch,  after  a  most  extensive  study  of  the  literature  of  goitre  and 
cretinism,  wrote: 

"In  the  whole  of  the  extensive  literature  of  cretinism  there  is  not  a  single  case  to 
be  found  in  which  a  child  born  of  parents  free  from  goitre  or  cretinism,  and  in  a 
locality  exempt  from  them,  has  become  cretinous  on  being  brought  in  infancy  or  youth 
to  live  in  a  cretinous  region. ' ' 

When  the  athyroidism  is  congenital,  the  child  is  usually  short  lived, 
death  occurring  as  a  rule  before  the  completion  of  the  third  year.    There 
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are,  however,  exceptions,  and  some  endemic  cretins  have  been  known  to 
live  to  extreme  old  age.  The  life  of  such  an  individual  is  purely  vege- 
tative. He  has  not  even  the  instinct  of  self-preservation,  or  the  intel- 
ligence to  take  food  when  it  is  placed  within  his  reach.  He  does  not 
recognize  even  his  parents  and  neither  resents  unkindness  nor  appre- 
ciates favors.  When  the  hypothyroidism  does  not  become  extreme  until 
the  child  has  undergone  some  mental  and  physical  development,  the 
condition  is  not  quite  so  bad  and  depends  upon  the  development  reached 
before  the  thyroid  gland  failed  utterly  to  supply  its  essential  products. 
It  will  be  seen  from  this  that  cretins  differ  in  degree  one  from  the  other, 
and  it  is  customary  to  distinguish  between  cretins  and  cretinoids.  In 
the  newborn  normal  child  it  is  impossible  to  tell  what  the  developed 
mental  processes  of  the  future  are  to  be.  During  the  first  weeks  of  life 
every  child  leads  what  may  be  called  a  vegetative  existence.  The  normal 
child  gradually  grows  out  of  this,  both  physically  and  mentally,  while 
the  cretinous  child  remains  in  the  vegetative  state.  It  is  the  opinion 
of  some  that  during  the  period  of  lactation  the  milk  of  the  mother  sup- 
plies the  infant  with  a  small  and  insufficient  amount  of  th^^roid  hormone. 
This  view  is  supported  b,y  the  fact  that  the  evidences  of  cretinism  may 
not  be  noticeable  until  after  the  child  is  weaned.  The  cretin  remains 
a  child  as  long  as  it  lives,  but  it  must  not  be  supposed  that  all  dwarfs 
are  cretins.  As  is  well  known,  there  are  dwarfs  who  are  fairly  active, 
both  physically  and  intellectually.  This  form  of  dwarfism  has  no  con- 
nection with  cretinism.  Cretinism  must  also  be  distinguished  from  in- 
fantilism, mongolism,  microcephalia,  and  hydrocephalia. 

As  is  the  case  with  endemic  goitre,  there  are  marked  fluctuations  in 
the  production  of  cretins  in  localities.  On  the  whole,  it  can  be  said  that 
both  endemic  goitre  and  cretinism  are  decreasing  in  most  parts  of 
Europe.  According  to  Kutschera,  in  1861  there  was  one  cretin  for 
every  167  inhabitants  of  Styria,  while  in  1912  there  was  one  to  every 
539.  Both  conditions  have  disappeared  from  certain  localized  areas  in 
Styria  where  they  were  once  common.  There  is  an  impression  among 
those  who  have  studied  endemic  areas  that  on  the  whole  there  has  been 
not  only  a  diminution  in  the  number  of  cases,  but  also  a  marked  decline 
in  the  severity  of  the  manifestations  of  the  symptoms  of  hypothyroidism. 

We  have  already  remarked  upon  the  rarity  of  cretinism,  even  in 
goitrous  areas,  in  America.  There  is  a  belief  among  those  who  have 
studied  this  subject,  that  there  must  be  several  generations  of  goitrous 
ancestors  before  cretinism  appears  with  any  degree  of  frequency  in  a 
given  community.  Although,  as  we  have  seen,  there  are  certain  well- 
marked  goitrous  areas  in  the  United  States,  even  in  these,  cretinism  is 
rare  and  this  possibly  may  be  due,  in  the  first  place  to  the  normal  nomadic 
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habits  of  the  Indians,  and  the  scarcely  less  striking  migratory  tendencies 
among  the  Avhites. 

Hyperthyroidism. — Parry  in  1825,  Graves  in  1835,  and  Basedow  in  1842, 
called  attention  to  a  disease  which  has  since  been  known  among  English 
speaking  people  as  Graves'  disease  and  among  the  Germans  as  Base- 
dow's disease,  and  which  is  now  best  designated  a  hyperthyroidism.  The 
gland  is  usually  enlarged,  though  it  may  be  quite  normal  in  size,  and  in 
rare  instances  it  is  small.  Anatomic  development,  in  this  case  at  least, 
usually  precedes  or  accompanies  overproduction  of  thyroid  secretions, 
but  this  is  not  always  true.  It  is  by  the  symptoms  rather  than  by  the 
size  of  the  gland  that  we  are  to  determine  the  existence  of  this  disease. 
The  symptoms  are  quite  the  opposite  of  those  of  hypothyroidism.  The 
processes  of  life  as  they  are  infiueneed  by  the  secretion  of  the  thyroid 
gland  proceed  with  undue  rapidity.  It  is  not  within  the  province  of 
a  work  on  epidemiology  to  go  into  detail  concerning  the  symptoms  of 
this  disease.  It  may  be  well,  however,  to  recall  some  of  the  most  im- 
portant facts.  The  pulse  is  accelerated  and  is  liable  to  many  irregu- 
larities, most  of  which  are  supposed  to  be  due  to  influences  coming  from 
the  central  nervous  system,  although  they  are  to  some  extent  recognized 
as  varying  with  the  respiration.  Palpitation  is  in  some  cases  most 
distressing.  The  patient  feels  his  heart  beating  very  forcefully  and  ir- 
regularly against  his  chest  wall.  This  condition  is  increased  by  exercise, 
by  nervous  excitement,  and  by  indulging  in  any  form  of  stimulation. 
In  most  cases  there  is  protrusion  of  the.  eyeballs,  completing  the  triad  of 
symptoms  which  characterizes  the  symptom-complex  of  Graves'  disease; 
thyroid  hypertrophy,  tachycardia,  and  exophthalmos.  Mentally,  the 
individual  is  quite  constantly  at  high  tension,  restless,  and  apprehensive. 
Muscular  tremor  is  one  of  the  earliest  symptoms  and  may  be  localized 
or  general,  easily  recognizable  by  the  mere  passer-by  or  known  only  to 
the  patient  himself.  This  tremor  is  not  pathognomonic  of  Graves'  disease, 
but  it  is  an  important  symptom.  The  restlessness  is  accompanied  by 
marked  muscular  fatigue,  especially  when  exercise  is  accompanied  by 
mental  excitement.  The  psychoses  of  hyperthyroidism  are  many  and 
varied,  manifesting  themselves  in  restlessness,  instability,  irritability, 
and  emotional  outbursts.  A  patient  suffering  from  this  disease  is  very 
much  in  the  condition  of  a  normal  individual  laboring  under  great  excite- 
ment. It  has  been  defined  in  its  worst  forms  as  a  condition  of  chronic 
terror  or  fright;  indeed,  there  are  those  who  would  make  fright  a  chief 
factor  in  the  causation  of  hyperthyroidism.  Bram  has  assembled  from 
the  literature  sufficient  evidence,  in  his  opinion,  to  make  it  quite  certain 
that  the  majority  of  cases  reported  as  shell  shock  during  the  World 
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War  were  in  reality  instances  of  hyperthyroidism.     Southard,  in  his  de- 
tailed studies  of  589  cases  of  shell  shock,  says: 

"Hyperthyroidism  itself  has  been,  of  course,  a  rather  striking  feature  in  the  fore- 
gTound  or  background  of  many  sick  patients  in  the  war." 

It  is  certainly  true  that  even  mild  hyperthyroidism  should  exclude 
any  man  from  military  service,  but  we  do  not  believe  that  this  condition 
was  an  important  factor  in  the  causation  of  that  medley  of  nervous  dis- 
orders so  frequently  seen  in  all  the  armies  in  the  late  war  and  we  do 
not  believe  that  Southard  intended  to  make  this  impression,  for  in  an- 
other x)lace  he  says: 

"This  soldier's  heart  is  sometimes  associated  with  hyperthyroidism,  sometimes 
liyperthyroidism  is  found  alone,  Avith  symptoms  suggesting  those  of  a  sort  of  diffuse 
shell  shock. ' ' 

An  army  of  hyperthyroids  in  a  state  of  chronic  fright  Avould  not  long 
hesitate  should  the  choice  lie  between  flight  and  fight;  indeed,  Sigaud 
gives  an  historical  example  when  he  tells  that  Brazilian  soldiers,  having 
reached  a  goitrous  area,  took  to  flight  in  terror  as  their  thyroids  en- 
larged. 

Sometimes  hyperthyroidism  is  followed  by  hypothyroidism,  the  individual 
passing  by  degrees  from  a  state  of  muscular  nervous  excitability  into  one  of 
sluggishness  in  movement  and  mental  hebetude,  and  occasionally  with 
myxedema.  This  transformation  is  easily  understood.  The  cells  of 
the  gland  wear  themselves  out  at  the  high  rate  at  which  they  have  been 
going,  degenerate  and  become  incapable  of  supplying  the  normal  needs 
of  the  body.  There  is  another  condition  which  sometimes  makes  itself 
manifest  in  the  progress  of  hyperthyroidism,  and  this  is  not  so  easily 
explained.  A  patient  with  Graves'  disease  may  manifest  mingled  symp- 
toms of  hyperthyroidism  and  hypothyroidism.  This  condition  is  best 
designated  as  dysthyroidism  and  the  only  explanation  that  can  be  offered 
at  present  is  that  the  functions  of  the  thyroid  glands  are  multiple,  and 
one  function  may  be  overworking  while  the  other  is  falling  below  the 
normal  level. 

Soon  after  the  recognition  of  the  importance  of  the  thyroid  gland  and 
its  secretions  in  health  and  in  disease,  some  physicians  began  to  attrib- 
ute all  the  ills  to  which  flesh  is  heir  to  disordered  thyroid  activit}^,  and 
especially  to  lack  of  proper  activity  on  the  part  of  this  organ.  Conse- 
quently, they  administered  thyroid-gland  tablets  in  all  diseases,  or  at 
least  in  many.  For  a  time- this  therapeutic  measure  became  exceedingly 
popular  in  attempts  to  reduce  obesity.  It  did  not  take  long  to  accumulate 
in  medical  literature  sufficient  evidence  that  this  is.  a  practice  not  devoid 
of  danger.  One  man  took  a  thousand  five-grain  tablets  of  thyroid  in  a 
few  weeks  and  developed  typical  Graves'  disease,  with  enlargement  of 
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the  g^land,  tremor  and  exoplitlialmos.  A  woman  took  six  or  eight  tablets 
a  day  for  two  months.  She  lost  about  16  pounds,  but  she  developed  in- 
somnia, vertigo,  palpitation,  and  had  hallucinations.  One  enterprising 
student,  with  the  idea  of  testing  it  out  upon  himself,  ate  from  six  to 
eight  sheep  thyroids  daily  for  eight  days,  at  the  end  of  which  time  he 
had  marked  tremor,  violent  palpitation,  and  developed  a  condition  of 
delirium.  Another  medical  student  took  daily  for  two  weeks  one  lobe 
of  the  thyroid  of  sheep  and  developed  tremor  so  extensively  that  he 
could  not  feed  himself,  and  this  condition  was  accompanied  by  palpita- 
tion and  exophthalmos.  These  rash  experiments  have  not  been  without 
their  value,  inasmuch  as  from  them  we  have  received  further  confirma- 
tion that  Graves'  disease  is  essentially  one  of  hyperthyroidism.  This 
fact  has  furthermore  been  confirmed  by  the  demonstration  that  hyper- 
thyroidism, with  enlargement  of  the  gland,  may  be  brought  about  by 
excessive  medication  with  iodin  and  preparations  containing  this  element. 
Even  the  too  free  application  of  tincture  of  iodin  to  the  thyroid  gland 
has  been  known  to  have  a  like  effect. 

Iodin  in  the  Thyroid. — Soon  after  the  discovery  of  iodin  by  Courtois 
(1812)  and  the  more  thorough  study  by  Davy,  this  element  was 
taken  up  by  the  medical  profession  and  in  a  short  time  the  tinc- 
ture was  being  applied  to  all  kinds  of  tumors,  especially  noninflam- 
matory growths.  There  seems  to  have  been  an  impression  made  upon 
the  medical  profession  early  that  iodin,  either  in  the  form  of  the  tincture 
or  as  some  binary  salt,  has  a  place  in  the  treatment  of  goitre.  In  1895 
Baumann  found  traces  of  this  element  in  various  organs  of  the  human 
body,  but  found  it  more  abundantly  in  the  thyroid  gland.  This  greatly 
increased  interest  in  the  probability  that  iodin  might  be  concerned  in 
some  way  in  the  growth  and  function  of  the  thyroid.  Since  that  time 
chemists  have  been  busy  in  looking  for  iodin  in  this  gland,  in  determining 
the  amount  present,  and  in  trying  to  ascertain  the  form  in  which  this 
element  exists  in  the  gland.  Numerous  organic  substances  containing 
iodin  have  been  prepared  from  thyroid  tissue.  Some  of  these  have  been 
highly  complex  protein  substances  and  have  been  given  different  names 
by  their  discoverers.  Baumann  called  his  preparation  thyroiodin  or 
iodothyrin;  Oswald  named  his  pet  product  iodothyro-globulin,  and  others 
have  had  the  satisfaction  of  christening  their  products  to  suit  their  fancy. 
About  1914  Kendall  obtained  from  the  thyroid  gland  a  crystalline  organic 
substance  containing  sixty  per  cent  of  iodin.  Kendall  has  worked  out 
a  formula  and  believes  this  substance  to  be  di-iodo-di-hydroxy-indol,  and 
of  its  action  he  makes  the  following  statement: 

"The  entire  activity  of  the  thyroid  is  manifested  by  the  administration  of  alpha- 
iodin,  a  crystalline  compound,  alone.  There  appears  to  be  no  other  substance  in  the 
thyroid  secretion  which  acts  directly.     This  substance,  given  even  in  very  small  amounts, 
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wiJl  supplant  thyroid  activity,  relieving  the  conditions  of  myxedema  and  cretinism,  and 
in  excess  will  produce  symptoms  simulating  exophthalmic  goitre.  It  appears  to  have 
no  direct  action  on  the  pulse  rate.  Tlie  extent  to  which  the  pulse  rate  is  affected  de- 
pends not  on  the  administration  of  the  thyroid  (hormone),  but  on  the  simultaneous 
ingestion  of  food  and  in  particular  of  amino  acids.  This  effect  may  be  outlined  as 
follows:  after  the  administration  of  the  compound  there  is  no  apparent  effect  fbr 
many  hours.  There  is  no  increased  pulse  rate  or  drop  in  blood  pressure.  However,  if 
thyroid  hormone  and  amino  acids  are  injected  simultaneously,  the  pulse  rate  is  enor- 
mously affected,  and  even  death  may  result,  due  to  the  apparently  great  increase  in 
metabolism  going  on  in  the  animal.  It  appears  very  probable  that  the  thyroid  hormone 
manifests  its  activity  in  some  way  with  amino  acids. ' ' 

That  iodin  does  affect  the  function  of  the  thyroid  there  can  be  but 
little  if  any  doubt.  Chemists  have  piled  up  long  tables  showing  the  per- 
centages of  iodin  in  normal  thyroids  at  various  ages  and  in  every  recog- 
nizable abnormality  of  this  organ.  These  percentage  determinations  are 
of  but  little  value.  An  enlarged  thyroid  is  likely  to  show  but  a  small 
percentage  of  the  iodin  constituent  and  still  it  may  do  its  work  fairly 
well  or  very  unsatisfactorily.  The  larger  part  of  such  a  gland  may 
consist  of  abnormal  growth  and  this,  of  course,  would  decrease  the  per- 
centage of  iodin  in  the  whole  gland,  while  its  functioning  part  may  con- 
tain a  normal  supply.  We  think  it  can  be  said  with  a  fair  degree  of 
certainty  that  the  human  body  needs  in  its  food  for  the  proper  function 
of  the  thyroid  gland,  at  least  a  minimum  amount  of  iodin-containing 
substances.  These  are  found  most  abundantly  in  such  foods  as  fish, 
mushrooms,  the  legumes,  and  roots;  and  in  such  greens  as  asparagus  and 
spinach.  In  hypothyroidism  some  increase  in  the  administration  of  iodin 
is  for  the  most  part  beneficial,  while  in  hyperthyroidism  it  is  harmful;  in 
short,  it  is  a  two-edged  sword,  and  in  our  opinion,  iodin  in  any  form 
should  not  be  used  in  the  prevention  or  treatment  of  goitre  except  under 
rather  close  medical  supervision.  McClendon,  who  seems  to  accept  the 
iodin-deficiency  theory,  suggests  that  a  salt  preparation  containing  iodin 
might  be  made  from  sea  water  and  the  substitution  of  this  for  the  iodin- 
free  salt  now  in  general  use  in  this  country  might  greatly  reduce  cases 
of  goitre. 

Etiolog'y. — From  remote  times  there  has  been  an  idea  that  goitre  and 
cretinism  are  in  some  way  due  to  drinking  water.  Even  in  the  classical 
legends  there  are  wonderful  stories  about  the  effects  induced  by  drinking 
the  waters  of  certain  springs,  wells,  and  rivers.  We  are  told  that  on 
the  Island  of  Chios  there  was  a  well,  above  which  was  a  warning  that 
the  drinking  of  its  waters  would  render  men  stupid  and  dull.  There  is 
a  story  of  a  similar  well  in  Beotia  and  a  like  legend  concerning  the 
Red  Well  in  Ethiopia  and  the  Callus  River  in  Phrygia.  Ovid  wrote  that 
there  are  rivers  whose  waters  affect  not  the  body  so  much  as  the  mind. 
Pliny  goes  into  some  detail  concerning  the  bad  effects  that  may  follow 
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the  drinking  of  certain  waters  in  the  Apennines,  as  well  as  those  of 
Crete,  Chios,  and  Phrygia.  Vitruvius  tells  of  a  people  inhabiting  an 
Alpine  valley  who  have  goitre  on  account  of  the  water  which  they  drink. 
Agricola  writes  of  a  well  in  the  Alps,  the  drinking  of  the  waters  of  which 
affects  the  brain  and  makes  the  drinkers  stupid.  The  River  Struma  in 
the  Balkans  owes  its  name  to  the  fact  that  the  people  living  along  its 
banks  are  goitrous  and  cretinous.  It  is  a  popular  belief  in  Alpine  regions 
that  the  drinking  of  the  waters  of  certain  wells  and  springs  will  induce 
goitre,  and  we  are  told  that  it  is  the  custom  of  young  men  to  resort  to 
these  sources  in  order  to  develop  goitre  and  thus  secure  exemption  from 
military  service.  This  belief  of  the  relation  between  the  drinking  water 
and  endemic  goitre  has  come  down  through  all  recorded  time  and  appar- 
ently is  met  with  in  both  hemispheres. 

Paracelsus  believed  that  water  induces  goitre  by  virtue  of  its  mineral 
constituents.  This  view  was  largely  accepted  for  centuries,  and  at  first 
it  was  believed  to  be  the  lime  in  the  water  which  is  accountable  for  the 
enlargement  of  the  gland.  This  theory  was  modified  and  for  a  time  it 
was  held  that  the  active  agent  in  limestone  is  magnesia.  It  was  argued 
that  all  places  where  goitre  is  endemic  are  situated  on  limestone  forma- 
tions and  that  magnesia  is  an  essential  constituent  of  the  limestone,  but 
more  extensive  investigation  and  a  more  thorough  geological  study  of 
endemic  areas  showed  that  limestone  either  Avith  or  without  magnesia 
is  not  essential  to  an  endemic  area.  Certain  of  these  areas  are  located 
upon  eruptive  rocks.  Other  mineral  constituents  of  earth  and  water  to 
which  goitre  has  been  attributed  are  metals,  sulphur,  iodin,  and  common 
salt.  With  regard  to  iodin,  the  view  was  held  by  Chatin  that  water  will 
cause  goitre  and  cretinism  when  it  contains  no  trace  of  this  element. 
This  investigator  (about  1850)  cited  many  waters,  both  in  endemic  areas 
and  in  places  where  there  is  no  goitre.  He  reported  a  large  amount  of 
this  element  in  the  waters  of  the  Seine,  Yonne,  and  other  rivers  in 
central  and  western  France  where  there  is  no  endemic  goitre.  In  the 
Rhone  Valley  the  amount  of  iodin  in  the  water  he  found  to  be  much 
smaller  and  at  the  same  time  some  goitre,  Avliile  in  the  cretinous  localities 
of  Tarentaise  and  Maurienne  the  water  is  free  from  iodin  and  the  region 
characterized  by  the  large  number  of  goitrous  inhabitants.  Others  have 
gone  over  the  same  regions  and  have  reported  quite  differently  as  the 
result  of  their  observations ;  indeed,  Bebert  found  considerable  amounts 
of  iodin  in  the  springs  in  the  Valley  of  Maurienne  where  goitre  and 
cretinism  were  at  that  time  widely  prevalent.  On  the  other  hand,  Saint- 
Lager  found  an  unusually  large  amount  of  iodin  in  a  notorious  goitre-well 
at  Beaulieu.  Similar  studies  of  the  relation  between  iodin  in  the  water 
and  the  presence  of  goitre  in  widely  separated  parts  of  the  world  seem 
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to  show  tliat  there  can  be  no  relation  between  the  absence  of  iodin  in 
the  drinking  water  and  the  prevalence  of  endemic  goitre  and  cretinism. 

It  has  been  held  that  water  free  from  common  salt  may  cause  goitre. 
This  is  in  accord  Avith  the  theor,y  that  snow  water  and  melted  ice  cause 
enlargement  of  the  thyroid. 

One  of  the  most  recent  theories  as  to  the  relation  between  drinking 
water  and  endemic  goitre  is  that  offered  by  Repin,  who  holds  that 
goitrigenous  waters  are  determined  by  the  presence  of  radio-active  sub- 
stances. Hesse  has  investigated  this  matter  in  Saxony  and  adjacent 
parts  of  Bohemia  where  some  of  the  most  radio-active  springs  in  the 
world  are  located,  and  finds  that  there  is  no  relation,  unless  it  be  an 
accidental  one,  between  the  prevalence  of  goitre  and  the  use  of  radio- 
active Avaters.  Up  to  the  present  time  every  attempt  to  shoAV  a  relation 
between  inorganic  constituents  of  drinking  Avater  and  the  prevalence 
of  goitre  has  proA^ed  unsatisfactory. 

The  Birchers  (father  and  son)  have  long  carried  out  a  series  of  experi- 
ments upon  the  production  of  goitre  in  animals  by  drinking  Avater.  They 
believe  that  goitre  occurs  only  where  the  rocks  were  formed  by  marine 
deposits  and  that  Avhere  the  rocks  are  eruptive  and  Avhere  they  Avere 
formed  as  fresh-water  deposits,  there  is  no  goitre.  They  state  that  goitre 
is  highly  prcA^alent  among  the  Adllages  situated  on  the  right  bank  of 
the  River  Aar  Avhere  the  soil  formation  is  made  up  of  marine  deposits, 
Avhile  on  the  left  bank  of  the  river  there  is  no  goitre  and  the  formation 
is  either  crystalline  or  fresh-Avater  deposits.  They  had  an  idea  that  there 
are  in  the  rocks  certain  colloidal  substances  Avhich  may  be  dissoh^ed  in 
AA^ater  and  which  are  responsible  for  goitre.  They  took  a  cubic  meter  of 
rock  from  the  goitrous  area  and  placed  the  rock  in  a  Avooden  box  Avhich 
they  filled  with  distilled  Avater,  and  after  allowing  this  to  stand  for  some 
days  it  Avas  given  to  rats.  These  animals  after  about  nine  months  devel- 
oped goitre.  "Further,  they  demonstrated,  apparently  at  least,  that  filtra- 
tion through  a  Berkefeld  does  not  remoA'c  the  goitrigenous  substances, 
while  dialysis  through  parchment  does.  They  Avere  not  able  to  induce 
goitre  in  rats  Avith  Avater  Avhich  had  passed  through  the  dialyzer,  but 
did  produce  goitre  in  animals  fed  upon  the  substances  collected  on  the 
dialyzer.  Since  the  goitrigenous  substance  does  not  pass  through  a 
membrane,  these  iuA-estigators  claimed  that  it  must  be  colloidal.  They 
furthermore  found  that  Avaters  from  goitrigenous  springs  may  be  de- 
priA^ed  of  their  actiA^e  constituents  Ija"  centrifugation.  Further  investi- 
gation showed  that  the  goitrigenous  substance  may  be  removed  from 
water  by  filtration  through  a  layer  of  poAvdered  charcoal  30  centimeters 
thick.  The  addition  to  the  Avater  of  zinc  hydrate  causes  a  precipitation 
and  renders  the  supernatant  fluid  innocuous.  An  ultramicroscopic  ex- 
amination of  goitrous  waters  shows  a  large  number  of  particles  of  slightly 
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oval  shape  and  showing  continuous  movement.  These  investigators,  at 
least  in  their  last  report,  express  no  opinion  as  to  the  exact  nature  of 
this  colloidal  substance.  Kocher  dissents  from  the  Bircher  findings.  He 
and  his  assistants  examined  more  than  75,000  school  children  in  Switzer- 
land between  seven  and  fifteen  years  of  age  and  found  that  in  some  parts 
of  the  Bernese  Oberland  from  eighty  to  ninety  per  cent  had  goitre. 
While,  according  to  Kocher 's  finding,  goitre  is  much  more  frequent  upon 
marine  formations,  as  claimed  by  Bircher,  crystalline  and  fresh-water 
formations  are  by  no  means  free  from  it.  Kocher  reached  the  conclusion 
that  the  goitrigenous  principle  is  not  determined  by  the  mineralogical 
or  constitutional  character  of  the  soil,  but  by  its  comparative  pollution. 
In  Saxony,  Hesse  was  able  to  substantiate  the  Bircher  theory,  although 
he  found  that  endemic  goitre  was  more  prevalent  upon  the  earliest 
strata  of  marine  sedimentation.  Investigations  in  Lower  Franconia  seem 
to  agree  quite  fully  with  the  theories  of  Bircher;  indeed,  Lobenhoffer, 
who  conducted  studies  in  Fi'anconia,  thinks  that  the  presence  or  absence 
of  endemic  goitre  is  a  true  index  of  the  geological  formation  and  that 
when  apparent  contradictions  are  found  it  will  be  proved  that  a  mistake 
has  been  made  in  the  geological  studies.  Schittenhelm  and  Weichardt, 
carrying  on  investigations  in  Bavaria,  reached  the  conclusion  that  one 
and  the  same  rock  formation  may  support  goitrous  or  nongoitrous  areas. 
They  come  to  the  conclusion  that  the  existence  or  nonexistence  of  goitre 
in  a  given  locality  is  dependent  upon  infection  through  pollution  of  the 
water. 

Wilms  suggests  that  goitre  may  be  due  to  an  organic  substance  of 
fossil  origin.  It  is  generally  agreed  among  those  who  have  investigated 
this  subject  that  cistern  water  does  not  induce  goitre;  that  boiling  well, 
spring,  or  river  water  renders  it  innocuous,  and  that  filtration  through 
porcelain  renders  the  water  less  likely  to  cause  goitre. 

The  water  theory  has  been  tested  out  by  Marine  and  Lenhart  on  fish 
at  a  large  private  hatchery  in  the  mountains  of  Pennsylvania.  The  trout 
stream  originates  in  a  spring  some  distance  above  the  first  pond  or  tank. 
Fish  living  in  the  stream  above  the  tanks  were  free  from  goitre.  The 
water  from  this  stream  fiows  from  Tank  No.  1  through  Tank  19  with- 
out an}^  fresh  accession.  The  percentage  of  goitre  cases  in  the  tanks 
increased  from  Nos.  1  to  19.  The  water  leaving  No.  19  flows  in  an  open 
stream  for  some  distance  and  receives  fresh  water  from  another  spring 
before  it  reaches  Tank  20.  Tank  20  receives  about  three  times  the 
amount  of  water  that  Tank  19  does  and  has  the  advantages  of  an  addi- 
tional fresh  supply.  The  water  from  No.  20  flows  from  tank  to  tank 
until  it  discharges  from  No.  36  into  an  open  pond.  The  fish  in  this 
pond,  which  is  the  receptacle  of  the  water  from  all  the  tanks,  were 
practically  free  from  goitre.     It  is  supposed  that  the  fish  in  the  pond 
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below  the  tanks  and  which  have  been  transferred  from  the  tanks  to 
the  pond  have  recovered  from  the  goitres  which  they  had  while  in  the 
tanks.  Marine  and  Lenhart  are  very  careful  about  expressing  their 
conclusions.     They  say: 

"Direct  infeetiou  cannot  be  excluded,  but  the  fact  that  fish  placed  in  the  tailraee 
recover  spontaneously,  although  living  in  the  theoretically  most  polluted  water,  is  not 
in  harmony  with  our  present  conception  of  water-borne  infection.  Taking  up  the 
metabolic  theory,  the  three  factors  of  overfeeding,  overcrowding,  and  limited  propor- 
tional water-supply  together  with  the  many  possibilities  into  which  they  are  divisible 
seem  to  us  to  be  in  some  way,  still  obscure,  directly  concerned  with  the  development 
of  the  disease.  It  is  not  probable  that  a  single  substance,  whether  the  result  of  food 
decomposition  or  of  excretory  products,  excites  the  thyroid  to  its  activity  but  rather 
that  the  thyroid  reaction  is  the  result  of  the  activity  of  a  gi'eat  variety  of  these  prod- 
ucts. *  *  *  Overfeeding  and  overcrowding  and  a  limited  water-supply  are  the  three 
major  factors  in  the  production  of  filthy,  unhygienic  tanks  or  ponds  and  these  insani- 
tary, unhygienic,  filthy  tanks  are  in  a  very  important  but  still  unknown  manner  asso- 
ciated with  the  development  of  thyroid  hyperplasia." 

It  Avas  found  that  the  placing  of  a  very  small  quantity  of  iodin 
(1-5,000,000)  in  the  water  of  the  tank  led  to  the  disappearance  of  the 
goitres  of  the  fish  in  that  tank. 

Infection  Theory. — ^Hirsch  sums  up  his  opinion  as  follows: 

"The  absence  of  results  to  all  these  inqixiries  about  the  genesis  of  goitre  and 
cretinism — inquiries  which  have  extended  to  every  influence  perceptible  to  the  senses 
that  could  be  brought  into  the  consideration  of  the  question  before  us — warrants,  I 
will  not  say  compels,  the  conclusion  that  in  those  diseases  we  have  to  do  with  a  specific 
agent,  a  veritable  morhid  poison,  and  that  endemic  goitre  and  cretinism  have  to  he 
reokoned  among  the  infective  diseases.  This  doctrine  finds  a  certain  support  in  two 
things;  on  the  one  hand  the  fluctuations  in  the  amount  of  the  sickness,  which  we  have 
had  frequently  occasion  to  notice,  and  for  which- there  is  no  sufficient  explanation  to 
be  found  in  the  states  of  the  atmosphere  or  of  the  soil  or  of  hygiene ;  on  the  other 
hand,  the  epidemic  outbreaks  of  goitre,  for  which  the  theory  of  infection,  as  Saillard, 
Viry  and  Eichard,  Thibaud  and  other  French  military  surgeons  have  recognized  and 
said,  is  hitherto  the  only  one  that  affords  an  explanation,  and  an  explanation  that 
accords  most  nearly  with  the  facts  of  the  case.  *  *  *  As  to  the  nature  of  this  goitrous 
and  cretinous  virus,  and  its  means  of  conveyance,  it  is  impossible  to  form  a  well- 
grounded  opinion.  Its  existence  and  development  would  appear  to  depend  upon  cer- 
tain definite  kinds  of  soil,  such  as  a  soil  containing  dolomite  rock,  and  it  would  appear 
to  occur  principally  in  water,  perhaps  associated  also  in  some  circumstances  vnth 
plants  or  suspended  in  the  air.  Wliether  its  nature  is  org^anie  or  inorganic  is  a  ques- 
tion that  evades  our  answering. ' ' 

Recently  McCarrison,  who  for  years  has  been  an  earnest  and  a  produc- 
tive investigator  of  the  cause  of  goitre  and  cretinism,  has  concluded  that 
neither  chemical  constituents  of  the  water,  geological  peculiarities  of  the 
soil,  nor  factors  of  nutrition,  are  primarily  responsible  for  the  genesis 
of  this  disease.  He  holds  that  endemic  goitre  is  due  to  a  living  micro- 
organism and  he  founds  his  belief  upon  the  following  experimental  and 
observational  data:     (1)  In  villages  situated  upon  a  polluted  mountain 
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stream  there  is  a  steady  increase  in  the  prevalence  of  goitre  as  one  goes 
down  the  stream,  corresponding  with  increased  pollution  of  the  water, 
(2)  Goitre  is  produced  in  the  human  subject  experimentally  when  the 
material  collected  on  a  Berkefeld  by  the  filtration  of  goitrigenous  water 
is  fed  to  the  individual.  Suspending  this  material  in  water  and  boiling 
it  renders  it  innocuous.  Filtration  through  a  Berkefeld  only  partly 
deprives  the  water  of  its  goitrigenous  properties.  The  incubation  period 
in  experimental  goitre  in  man  averages  from  13'  to  15  days.  (3)  The 
goitrous  condition  in  man  is  much  improved  by  the  administration  of 
intestinal  antiseptics,  such  as  thymol.  This  germicide  is  given  in  suspen- 
sion much  as  it  is  in  the  treatment  of  hookworm  infection,  and  abstention 
from  alcohol  or  other  substances  which  dissolve  the  thymol  is  essential. 
It  is  the  opinion  of  McCarrison  that  the  organism  which  causes  goitre 
grows  and  multiplies  in  the  intestine,  where  it  elaborates  its  poisonous 
products  which  are  absorbed  and  have  a  deleterious  effect  on  the  thyroid 
gland.  Furthermore,  according  to  his  experience,  goitre  is  benefited  by 
feeding  the  individual  upon  milk  soured  with  the  Bulgarian  bacillus. 
It  is  supposed  that  in  this  instance  the  beneficial  effects  are  due  to  the 
destructive  action  of  the  milk  bacillus  on  the  organism  which  elaborates 
the  goitre-producing  poisons.  (4)  The  relief  of  constipation,  thorough 
purging,  and  Lane's  operation  are  beneficial  in  the  treatment  of  goitre. 
(5)  McCarrison  lays  considerable  stress  upon  the  fish  experiments,  al- 
ready reported  as  having  been  made  hy  Marine  and  Lenhart,  and  thinks 
that  these  support  his  ideas  of  an  intestinal  toxemia  and  of  the  trans- 
mission of  the  organism  through  the  water.  (6)  Dwelling  further  upon 
the  fish  experiments,  McCarrison  says  that  the  scrapings  from  the  walls 
and  bottoms  of  the  fish  tanks  when  administered  to  dogs  and  rats  induce 
goitre.  He  states  that  he  has  produced  goitre  experimentally  in  man  by 
this  method  of  procedure.  (7)  McCarrison  states  that  he  has  produced 
goitre  in  goats  and  rats  by  feeding  them  upon  the  fecal  material  obtained 
from  both  goitrous  and  nongoitrous  subjects  living  in  an  endemic  area. 
(8)  McCarrison  states  that  he  has  produced  goitre  experimentally  in 
goats  and  rats  by  feeding  them  upon  mixed  bacterial  cultures  obtained 
from  the  feces  of  goitrous  and  nongoitrous  persons.  He  has  grown 
these  cultures  under  both  aerobic  and  anaerobic  conditions  and  finds 
that  the  latter  are  more  potent  in  the  production  of  goitre.  (9)  McCarri- 
son finds  that  when  pregnant  rats  are  fed  upon  these  cultures  their 
young  will  have  congenital  goitre  or  be  cretinous.  (10)  Goitres  are  im- 
proved by  vaccines  made  from  these  mixed  cultures.  It  will  be  under- 
stood that  up  to  his  last  report  McCarrison  does  not  claim  to  have 
isolated  the  specific  bacterial  organism  to  which  goitre  is  due.  In  our 
opinion,  he  rather  invalidates  his  statement  b;/  the  claim  that  goitre 
is  benefited  by  vaccines  made  not  only  from  feces,  but  also  from  cultures 
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of  the  staphylococcus.  It  should  be  understood  that  it  is  not  McCarri- 
son's  idea  that  the  supposedly  guilty  bacteria  find  their  way  through  the 
intestinal  wall  and  reach  the  thyroid  gland;  on  the  contrary,  he  plainly 
states  that  the  goitrous  thyroid  in  endemic  localities  is  invariably  sterile. 
It  may  be  that  this  investigator  is  on  the  road  to  the  complete  and  satis- 
factory solution  of  this  question  which  has  perplexed  epidemiologists 
through  centuries.  With  us  however,  there  is  one  criticism  and  one 
reason  why,  at  present  at  least,  we  cannot  fully  accept  his  conclusions. 
All  his  experiments  have  been  made  in  goitrous  localities.  In  order  to 
do  him  full  justice,  however,  we  make  the  following  quotation  from  one 
of  his  most  recent  reports : 

' '  These  organisms  reach  the  alimentary  tract  of  man  and  animals  by  means  of 
infected  soil,  food,  or  Avater,  and  there  they  flourish  and  produce  toxins  which,  on 
absorption  into  the  blood  stream,  initiate  the  goitrous  changes  in  the  thyroid  gland. 
Soil,  water,  and  food  are,  therefore,  vehicles  only  whereby  the  infecting  agent  or 
agents  reach  the  body  of  men  and  animals.  It  seems  almost  certain  that  the  great 
source  of  the  disease  is  the  infected  individual,  and  that  he  is  the  producer,  the  reser- 
voir and  the  distributor  or  carrier  of  the  infecting  agents.  The  agents  are  discharged 
from  the  body  in  the  feces,  and  it  may  be  in  other  ways  not  known  to  us,  as,  for 
example,  in  the  urine  and  saliva.  If  they  reach  a  damp  soil  containing  a  high  propor- 
tion of  organic  matter,  tliey  live,  and  it  may  be,  multiply;  while  if  they  reach  an 
organically  impure  and  stagnant  water  which  is  protected  from  the  purifying  effects 
of  light  and  air,  as  in  the  case  of  many  w'ells  (goitrous  wells),  they  may  survive  for 
a  considerable  time. 

"All  the  evidence  at  present  available  points  to  these  as  the  common  modes  of  infec- 
tion; but  there  may  be  otlier  means  whereby  the  living-  excitants  of  the  disease  are 
conveyed  from  the  sick  to  the  healthy.  It  is  possible,  for  example,  that  flies  may  act  as 
the  conveyors  of  the  infection  to  man.  There  is  no  elvidenee  at  present  available  to 
suggest  that  any  ectoparasite,  biting  insect,  or  worm  acts  as  a  host  for  the  further 
development  of  the  living  excitant  of  endemic  goitre  outside  the  body  of  man  and 
animals.  The  very  wide  distribution  of  the  disease  in  the  animal  kingdom  renders  such 
a  mode  of  spread  improbable.  In  their  manner  of  origin  and  spread,  endemic  goitre 
find  typhoid  fever  closely  resemble  one  another.  The  conditions  which  are  favorable 
to  the  development  and  spread  of  one  are  equally  favorable  to  the  other." 

Theory  of  Contact. — There  are  students  of  the  epidemiology  of  goitre 
and  cretinism  who  believe  that  all  the  stories  about  goitrous  wells, 
springs,  and  rivers  are  mythical,  that  water  is  not  the  carrier  of  the 
goitrigenous  substance,  and  that  the  disease  is  acquired  only  through 
intimate  personal  contact.  The  men  Avho  teach  this  doctrine  are,  for  the 
most  part,  Austrians,  and  the  most  notable  among  these  are  Kutschera 
and  Tausig,  although  on  some  minor  details  they  are  not  in  entire  ac- 
cord. These  men  hold  that,  while  goitre  is  a  place  disease,  it  is  more 
than  that;  it  is  a  house  disease.  They  also  use  the  tish  experiments  in 
support  of  their  views  and  greatly  stress  overcrowding  and  intimate  con- 
tact. In  support  of  these  views  they  give  numerous  histories,  some 
applicable  to  animals,  some  to  man,  and  some  including  both.     The  fol- 
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lowing  is  an  illustration :  On  June  30,  1911,  a  bitch  belonging  to  an 
army  officer  bore  three  pups  which,  on  August  7,  were  found  to  be 
goitrous.  Every  member  of  the  officer's  family  was  free  from  this 
deformity,  but  the  cook  who  had  been  living  in  the  family  for  two  years 
had  a  slight  swelling  of  the  thyroid  gland,  and  an  orderly  Avho  had  been 
in  the  officer's  service  for  three  years  had  a  well-developed  goitre  which 
he  had  hidden  from  his  master  previously  by  his  clothing.  This  orderly 
had  had  special  charge  of  the  pups,  had  fed  and  fondled  them.  This 
occurred  in  a  nongoitrous  area.  These  men  would  class  goitre  with 
extragenital  syphilis  so  far  as  its  transmission  is  concerned.  Tausig 
travels  the  same  road  with  Kutschera  so  far  as  goitre  is  concerned,  but 
when  it  comes  to  cretinism  they  part  company,  Tausig  holding  that 
cretinism  is  always  congenital.  Kostl  reports  that  in  the  middle  of  the 
nineteenth  century  it  was  the  custom  of  the  noblemen  of  the  Canton 
of  Valais  to  bring  up  only  the  eldest  son  in  the  home,  while  the  younger 
boys  were  intentionally  turned  over  to  cretinous  servants  and  became 
cretins.  This  is  a  statement  which  we  must  decline  to  believe.  The  cus- 
toms of  the  people  in  what  was  Bosnia  before  the  War,  as  reported  by 
Tausig,  certainly  gave  ample  opportunit}^  for  contact  infection. 

"The  customs  of  these  people  are  peculiarly  favorable  for  the  transmission  of  dis- 
ease by  contact.  The  population  is  almost  entirely  of  the  agricultural  class  whose  cus- 
tom is  to  prepare  and  serve  their  food  in  a  common  vessel  from  which  each  takes  his 
portion  without  the  formality  or  the  intervention  of  forks,  spoons,  or  plates.  Cups  and 
g-lasses  are  likewise  rare.  The  drinking  water  is  kept  in  an  earthenware  jar  ;£rom 
v/hich  all  members  of  the  household  drink.  Beds  are  almost  unknown;  every  one  sleeps 
on  the  floor — members  of  the  family  side  by  side,  in  the  same  room.  These  primitive 
customs  are  more  prevalent  in  isolated  and  inaccessible  localities,  and  are  always 
accentuated  in  the  Mohammedan  families  who  cling  to  their  old  traditions  with  ob- 
stinate conservatism  and  accept  modern  customs  with  difficulty,  whereas,  modern  hy- 
gienic conceptions  ha\e  been  more  rapidly  absorbed  by  the  Christian  population." 

In  our  opinion,  the  history  of  goitre  in  the  United  States  is  more  in 
harmony  with  the  theory  that  this  is  an  infectious  disease  rather  than 
with  any  other  theory.  The  known  goitrous  area  one  hundred  years 
ago  covered  central  and  western  New  York  and  southwestern  Pennsyl- 
vania. There  may  have  been,  and  probably  there  was,  goitre  in  the 
region  of  the  Great  Lakes  and  in  the  NorthAvest,  as  now,  but  the  dis- 
appearance of  endemic  goitre  from  parts  of  New  York  and  Pennsyl- 
vania can  hardly  be  due  to  any  climatic  changes  or  to  modifications  in 
the  geological  structure  and  composition  of  these  regions.  In  the  history 
of  this  disease  we  are  told  of  the  great  prevalence  of  both  goitre  and 
cretinism  around  Edmonton,  in  Alberta,  a  century  or  more  ago.  Some 
three  years  ago  (1918)  a  Conservation  Committee  was  sent  by  the 
Dominion  Government  to  investigate  the  prevalence  of  this  disease  in 
the  Province  of  Alberta.     This  Commission  failed  to  find  any  unusual 
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number  of  cases  in  the  Province  and  the  Deputy  Minister  of  Health  for 
that  Province  in  his  recent  (1921)  communication  to  us  confirms  this 
finding. 

Many  Indian  camps  and  many  villages  of  the  early  settlers  were 
grossly  contaminated  with  fecal  matter.  No  doubt  the  water  and  soil 
became  heavily  infected  and  with  improvements  in  the  sanitary  condi- 
tions, including  provision  for  a  pure  water-supply,  goitre  has  disappeared 
very  much  in  the  same  manner  and  from  similar  causes  that  have  led 
to  the  disappearance  of  typhoid  fever. 

Prevention. — We  have  already  referred  to  the  statement  by  Marine 
and  Kimball  that  a  change  in  the  salt  furnished  the  sheep  in  Michigan 
had  relieved  these  animals  of  goitre  and  had  saved  the  sheep  raising 
industry  of  the  state.  Furthermore,  we  have  referred  to  the  work  of 
Marine  and  Lenhart  in  the  fish  hatchery  in  Pennsylvania,  where  they 
demonstrated  that  the  addition  of  a  small  amount  of  iodin  to  the  water 
in  the  tanks  freed  the  fish  from  goitre.  There  is  an  interesting  contri- 
bution along  the  same  line  by  Smith,  who  states  that  it  has  been  known 
for  a  number  of  years  that  a  large  percentage  of  sows  in  some  sections 
of  Montana  give  birth  to  hairless  and  otherwise  defective  young.  Smith 
states  (1916)  that  the  loss  in  Montana  amounts  to  about  1,000,000  pigs 
annually,  and  that  there  are  numerous  cases  of  the  same  disease  among 
horses,  sheep  and  cattle.  There  are  apparently  certain  areas  not  only 
in  Montana,  but  in  North  and  South  Dakota,  Washington,  Idaho,  and 
Minnesota,  in  which  congenital  goitre  among  domestic  animals  is  com- 
mon. The  endemic  areas  may  be  small  or  large  and  in  certain  localities 
the  rancher  has  learned  that  he  will  save  his  pig  crop  by  moving  his 
pregnant  sows  through  only  the  short  distance  of  a  mile  or  two.  For 
the  most  part,  these  endemic  areas  consist  of  narrow  creek  bottoms  not 
more  than  a  half  mile  wide,  while  the  bench  land  beyond  does  not  know 
this  infection.  Smith  states  that  ninety  per  cent  of  the  losses  in  Montana 
occur  in  the  drainage  area  of  the  Yellowstone  River  and  that  the  endemic 
area  is  from  70  to  150  miles  wide,  is  not  sharply  defined,  and  contains 
ranches  or  groups  of  ranches  where  large  numbers  of  hogs  are  raised 
and  hairless  pigs  have  never  been  seen.  In  the  fall  of  1915  Smith 
carried  15  sows  from  a  nongoitrous  area  into  an  affected  district.  There 
he  put  five  in  each  of  three  pens.  Those  in  No.  1  had,  in  addition  to  their 
daily  food,  15  grains  of  potassium  iodid;  those  in  No.  2  had  5  grains  of 
sheep  thyroid,  while  those  in  No.  3  had  no  addition  to  the  ordinary  food. 
Only  four  of  the  sows  in  Pen  3  farrowed,  producing  18  pigs.  All  these 
were  puny  and  13  died  during  the  first  few  days.  They  were  not  hair- 
less, but  had  thin  hair  and  no  vitality.  The  pigs  of  Groups  1  and  2  were 
strong  and  vigorous.  In  a  second  experiment,  28  sows  on  five  ranches 
in  endemic  ar'eas,  were  given  each  five  grains  of  potassium  iodid  daily. 
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The  sows  that  liacl  already  farrowed  on  these  ranches  had  produced 
hairless  pigs.  Each  of  the  28  tliat  received  the  iodid  had  normal  pigs. 
Smith  concludes  as  follows: 

"An  iodin  deficiency  during  the  gestation  period  causes  a  lack  of  function  and 
hypei-plasia  of  the  fetal  thyroid,  resulting  in  an  arrested  development  of  the  fetus.  If 
more  iodin  were  fed  to  the  pregnant  animals  in  large  sections  of  this  continent,  espe- 
cially during  the  winter  months,  the  young  that  they  produce  would  be  more  healthy 
and  more  vigorous  and  the  large  number  of  weak  and  defective  young  animals  that 
are  produced  annually  would  be  greatly  reduced.  Fetal  athyrosis  presents  strong  evi- 
dence that  there  is  a  direct  relation  between  the  physiologically  active  constituents  of 
the  thyroid  and  growth  of  the  epidermal  appendag'es.  An  abundant  secretion  of  the 
fetal  thyroid,  during  the  later  stages  of  intrauterine  life,  is  essential  for  the  normal 
development  of  the  fetus. ' ' 

In  1914,  Hall  examined  3,339  students  at  the  University  of  the  State 
of  Washington  with  reference  to  goitre.  Of  2,086  males,  of  an  average  age 
of  twenty  years  and  five  months,  17.93  per  cent  had  enlarged  thyroids;  of 
1,253  w^omen,  of  an  average  age  of  nineteen  years  and  three  months, 
30.98  per  cent  showed  a  like  condition.  Olsen  found  among  606  women 
in  Chicago,  17.87  per  cent  with  goitre.  Marine  and  Kimball  examined 
3,872  girls  from  the  fifth  to  the  twelfth  grades  inclusive  of  the  public 
schools  in  Akron,  Ohio.  So  far  as  the  thyroid  is  concerned,  43.59  per 
cent  were  normal,  49.88  per  cent  had  slightly  enlarged  thyroids,  in 
6.35  per  cent  there  was  moderate  enlargement,  in  .18  per  cent,  marked 
enlargement,  and  in  1.01  the  gland  Avas  adenomatous.  These  figures  are 
actually  higher  than  those  found  in  the  Vosges  and  other  eastern  parts  of 
France  by  MacAuliffe,  but  they  are  lower  than  those  reported  from 
Bavaria  by  Schittenhelm  and  Weichardt. 

Examination  of  school  children  in  Detroit  during  1921-22  has  shoAvn 
thyroid,  either  moderately  or  markedly  enlarged,  in  2.9  per  cent  of  9000 
children  who  were  15  per  cent  or  more  underweight.  Among  14,000 
children  of  the  first  grade,  1.2  per  cent  were  discovered  with  enlarged 
thyroid.  Among  a  small  group  of  the  better  schools  the  percentage 
among  the  first  graders  was  0.3,  while  in  a  group  of  poorer  schools  it 
was  1.3  per  cent. 

Recognizing  the  wide  prevalence  of  goitre  among  children  in  at  least 
certain  parts  of  the  United  States,  Marine  and  Kimball  have  recom- 
mended that  small  doses  of  sodium  iodid  be  routinelj^  administered  to 
the  school  children,  at  least  those  in  goitrous  areas. 

They  report  the  results  of  tAvo  and  one-half  years'  obserA^ations  in 
Akron,  Ohio.  Of  2190  school  girls  Avho  have  taken  2  grams  of  sodium 
iodid  tAvice  yearly,  only  fiA^e  liaA^e  developed  enlargement  of  the  thyroid. 
Avliile  of  2305  pupils  not  giA'en  this  prophylactic,  495  have  dcA^eloped 
enlarged  thyroid.  Another  group  of  1182  pupils  AAath  thyroid  enlarge- 
ment to  begin  Avith  Avere  given  the   sodium  iodid,  and  773  shoAved  a 
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decrease  in  size.  In  contrast  to  this  is  a  group  of  1,048  with  thyroid 
enlargement,  to  whom  no  iodin  w^as  given.  In  this  gronp  only  145 
thj^'oids  decreased  in  size.  These  data  open  np  the  possibilities  of  both 
preventing  and  curing  thyroid  enlargement.  These  authors  were  aware 
of  possible  effects  of  overdosing  with  iodin  but  concluded  that  this 
danger  was  negligible.  No  cases  of  exophthalmic  goitre  developed, 
lodism  was  noted  in  eleven  cases  among  the  Akron  school  girls  during 
the  two  and  a  half  years,  but  most  of  these  cases  were  very  mild,  and 
the  treatment  was  not  stopped.  The  authors  look  upon  this  work  as  an 
important  jDublic  health  measure  best  administered  through  the  schools 
to  pupils  between  the  ages  of  11  and  17.  Tiiey  believe  that  the  adminis- 
tration of  from  3  to  5  mgs.  of  iodin  twice  weekly  over  a  period  of  a 
month  and  repeated  twice  yearly  will  answer  the  purpose.  The  results 
of  the  Akron  study  are  in  agreement  with  those  of  Klinger  in  Zurich, 
Switzerland. 

In  attempts  to  improve  the  conditions  in  endemic  areas,  quite  naturally 
water-supplies  have  received  attention.  In  some  localities  a  change  in 
water-supply  has  within  a  few  years  apparently  relieved  the  entire 
community  of  goitre.  We  must  remember,  however,  that  post  hoc  does 
not  always  mean  propter  hoc,  for,  on  the  other  hand,  it  has  happened  that 
the  introduction  of  a  supposedly  pure  water-supply  into  a  goitre-free  area 
has  been  followed  by  the  development  of  this  deformity  among  the 
inhabitants.  Examples  of  both  sides  of  this  question  have  been 
furnished  by  the  Birchers.  In  1885  fifty-nine  per  cent  of  the 
inhabitants  of  Rupperwil  had  goitrous  growths.  In  1886  a  water-supply 
from  a  goitre-free  area  in  the  Jura  was  provided  for  Rupperwil.  The 
percentage  of  goitrous  persons  in  this  locality  has  gradually  decreased 
and  the  deformity  has  practically  disappeared.  A  still  more  striking 
example  is  given  of  the  village  of  Asp.  In  1863  this  village  showed  among 
its  inhabitants  thirty-four  per  cent  of  goitre,  eight  per  cent  of  cretins,  and 
fifteen  per  cent  of  deaf  mutes.  In  1907  the  upper  part  of  this  village 
brought  in  a  new  water-supply  while  the  older  part  continued  the  former 
supply.  In  1910'  the  upper  village  had  6.4  per  cent  of  goitre  and  the  lower 
village  38  per  cent.  On  the  other  side,  the  Birchers  cite  the  community 
of  Desbiiren  which,  having  a  supply  from  a  nongoitrous  area,  replaced 
it  by  a  new  supply.  This  change  was  followed  by  an  increase  in  goitre. 
It  will  be  understood  that  there  is  no  contradiction  in  these  examples. 
They  show  most  conclusively  that  goitre  can  be  reduced  or  increased  by  a 
change  in  water-supply,  but  that  special  attention  must  be  exercised  in  the 
selection  of  the  supply.  Apart  from  water-supply,  the  soil,  the  houses,  the 
bedding,  the  garments,  and  the  persons  of  those  living  in  endemic  areas  in 
all  probability  become  contaminated  Avith  the  virus,  whatever  it  may  be, 
and  serve  as  carriers.     As  has  already  been  said,  there  are  reasons  for 
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believing  that  the  epidemiology  of  goitre  and  cretinism  is  very  much  on 
a  par  with  that  of  typhoid  fever.  Our  army  camps  in  1898  were  prob- 
ably soiled  as  extensively  with  the  typhoid  virus  as  are  the  endemic 
areas  we  are  now  discussing,  with  the  virus  of  goitre.  At  Chickamauga 
in  1898  the  whole  area  of  the  Park  was  polluted  with  the  excreta  from 
typhoid  patients.  The  tentage,  blankets,  clothing,  and  persons  of  the 
soldiers  were  soiled  with  infected  material.  The  geological  formation  of 
the  Park  is  closely  like  that  of  goitrous  areas.  The  rocks  are  limestone, 
tilted  and  fissured,  and  consequently  furnish  easy  channels  for  the  flow 
of  water.  Springs  outside  and  inside  the  Park  became  infected  and  one 
could  not  drink  the  water  of  the  region,  walk  over  the  grounds,  rest 
under  a  mess  tent,  or  sleep  under  the  blankets  of  the  soldier,  without 
danger  of  infection.  Furthermore,  although  we  have  no  exact  figures 
bearing  upon  this  point,  we  have  been  informed  by  physicians  in  Chat- 
tanooga that  typhoid  fever  from  1898  down  to  the  present  time  in  the 
Park  and  about  the  Park  has  shown  a  higher  degree  of  prevalence  than 
it  did  before  1898.  A  like  impression  is  held  by  physicians  at  Jackson- 
ville, Fla.,  and  in  the  neighborhoods  of  other  camps  of  1898.  We  see 
no  reason  why  goitre  and  cretinism  might  not  be  exterminated  from 
the  most  highly  infected  areas.  It  is  a  matter  of  intelligence  and  energy 
on  the  part  of  the  people  and  of  skill  and  cost  for  those  who  undertake 
to  do  the  work.  From  the  very  nature  of  the  disease,  the  people  of 
endemic  areas  are  not  likely  to  possess  enough  physical  energy  and 
mental  alertness  necessary  to  radically  improve  their  condition.  The 
eradication  of  goitre  and  cretinism  is,  in  our  opinion,  even  now,  wholly 
possible,  but  that  any  great  advance  in  this  direction  will  be  made  in 
the  near  future  is  not  probable,  because  the  initiative  must  come  from 
the  outside  and  the  accomplishment  of  the  task  means  a  cost  which  but 
few  nations  at  the  present  time  are  in  a  condition  to  impose  upon  them- 
selves. 

While  we  may  expect  goitre  and  cretinism  to  continue  in  the  Alps, 
Carpathians,  and  Himalayas,  for  generations,  and  possibly  for  centuries 
to  come,  we  should  realize  that  in  the  fairest  portions  of  the  earth,  in- 
cluding our  own  land,  there  are  areas,  more  or  less  extensive,  in  which 
the  virus  of  goitre  and  cretinism  is  present  and  that  it  tells  to  some 
extent  at  least  upon  the  physical  well  being  and  the  intellectual  develop- 
ment of  our  children.  This  is  a  matter  highly  suitable  for  special  investi- 
gation by  boards  of  health,  and  what  is  probably  of  more  importance, 
the  individual  practitioner  of  medicine  should  be  possessed  of  wider  and 
more  exact  knowledge  on  this  subject  and  he  should  keep  his  eyes  wide 
open  for  the  recognition  of  this  condition  among  his  patrons  and  other 
members  of  his  community.  France,  Switzerland,  Sardinia,  Italy,  Aus- 
tria, and  other  countries  where  the  disease  is  more  in  evidence  than  it 
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is  among  us,  have  from  time  to  time  appointed  commissions  to  investi- 
gate, ascertain  actual  facts,  and  propose  methods  of  improvement.  These 
countries  have  been  driven  to  this  action  by  distressing  conditions  al- 
ready established  in  certain  parts  of  their  territory.  The  United  States, 
Canada,  and  England,  recognizing  that  they  have  goitrous  areas,  should 
take  steps  to  improve  the  conditions  in  these  localities  and  to  protect 
other  portions  from  the  extension  of  the  evil  effects  of  this  virus.  Its 
extension  is  insidious,  its  progress  is  sIoav,  but  wherever  it  takes  up  its 
residence  it  demands  heavy  tribute  and  holds  on  with  grim  pertinacity. 
It  may  seem  idle  to  speak  so  seriously  about  what  is  apparently  so  rare 
a  disease,  but,  as  we  have  already  shown  by  figures,  the  percentage  of 
young,  in  at  least  certain  sections  of  this  country,  bearing  abnormal 
thyroid  glands,  is  by  no  means  negligible.  Surveys  in  our  schools,  like 
that  made  by  Marine  and  Kimball  at  Akron,  Ohio,  should  be  extended, 
and  we  should  at  least  learn  to  what  extent  the  thyroid  function  of  the 
coming  generation  is  likely  to  be  disturbed.  "With  sufficient  information 
we  may  be  justified  in  following  the  advice  of  Marine  and  Kimball  and 
administer  small  doses  of  iodid  to  our  children  according  to  their  thyroid 
needs.  If  the  sheep  industry  has  been  saved  b}^  an  unconscious  change 
in  the  salt  supplied  this  animal,  if  it  is  desirable  to  protect  trout  in  our 
hatcheries  by  the  addition  of  iodin  or  by  feeding  them  with  sea  fish,  if 
the  protection  of  our  pigs  in  Montana  from  congenital  goitre  has  become 
a  serious  economic  question,  then  it  certainly  behooves  us  to  ascertain 
the  exact  facts  about  the  prevalence  of  goitre  among  our  children.  If 
this'  be  a  matter  of  importance,  and  we  think  it  is,  it  is  the  duty  of 
health  officers  and  private  physicians  to  investigate  and  make  report. 
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CHAPTER  VIII 
FOOD  POISONING 
BROMATOTOXISM 

Introduction. — NotAvithstanding  the  fact  that  man  has  been  daily  en- 
gaged in  making  experiments  upon  himself  with  foods  ever  since  his 
earliest  Paleolithic  ancestors  feasted  upon  their  dried  herbs,  cracked 
their  nuts,  and  gnawed  their  bones  in  their  cave  dwellings,  the  subject 
still  remains  replete  with  unsolved  problems,  and  this  is  a  chapter  diffi- 
cult to  write.  Twenty  years  ago,  after  consultation  with  our  classical 
colleagues,  we  proposed  the  word  bromatotoxism  as  the  scientific  desig- 
nation for  food  poisoning;  in  fact,  at  that  time  Ave  suggested  the  follow- 
ing glossary  of  ncAv  Avords  suitable  for  use  in  discussing  food  poisoning: 

Bromatotoxismus,  Pp^ixa  (^poj/xaro?),  food,  and  to^lkov,  poison.  Food 
poisoning  or  poisoning  Avith  food. 

Bromatotoxicon.  A  general  term  for  the  active  agent  in  a  poisonous 
food. 

Bromatotoxin.  A  basic  poison  generated  in  food  by  the  groAvth  of 
bacteria  or  fungi. 

G-alactotoxismus,  yaXa  (ydXaKTo^),  milk.     Milk  poisoning. 

Galactotoxicon. 

Galactotoxin. 

Ichthyotoxismus,  t'x^^''?,  fish.    Fish  poisoning. 

Ichthyotoxicon. 

lehthyotoxin. 

Kreotoxismus,  Kpea^  (Kpeo)^),  meat.     IMeat  poisoning. 

Kreotoxicon. 

Kreotoxin. 

IMytilotoxismus,  /xnrtAos,  a  sea-nuissol.  Mussel  poisoning.  Used  alreadA^ 
by  Ilusemann. 

Mytilotoxicon. 

Mytilotoxin.  The  name  given  by  Brieger  to  the  snl^stance  diseoA'ered 
by  him  in  poisonous  mussel. 

►Sitotoxismus,  rrtros.  Cereal  food.     Poisoning  Avith  vegetable  food. 

Sitotoxicon. 

Sitotoxin. 

Tyrotoxismus,  rrpo?,  r-heeso.  Ghepse  poisoning.  Used  already  1iy  Huse- 
mann. 

Tyrotoxicon. 

Tyrotoxin. 
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Husemann  uses  the  word  zootropliotoxismus  to  indicate  poisoning  with 
animal  food.  The  same  author  has  employed  the  word  halichthyotoxis- 
mus  to  designate  poisoning  with  fish.  These  words  have  been  employed 
by  a  few  writers  on  food  poisoning  since  we  first  suggested  them.  There 
is  a  tendency  to  make  sitotoxism  equivalent  to  bromatotoxism.  This  is 
permissible,  but  hardly  desirable.  Bromatotoxism  means  poisoning  with 
any  kind  of  food,  vegetable  or  animal,  while  sitotoxism  is  best  employed 
to  designate  poisoning  with  vegetable  food  or  with  grain. 

As  we  have  said,  a  ptomain  is  a  basic  product  of  putrefaction  and,  inas- 
much as  it  has  not  been  demonstrated  that  the  active  agent  in  any  poi- 
sonous food  is  such  a  body,  it  is  manifestly  incorrect  and  improper  for  a 
scientific  man  to  use  the  words  "ptomain  poisoning."  In  popular  par- 
lance this  term  means  any  poisonous  food.  At  the  present  time,  in  dis- 
cussing this  subject  it  will  be  impossible  in  many  instances  to  distinguish 
between  food  poisoning  and  food  infection,  or  between  intoxication  and 
infection.  The  best  we  can  do  is  to  state  the  facts  so  far  as  we  can  ascer- 
tain them,  subject  at  all  times  to  the  corrections  which  will  come  with 
more  extended  and  exact  studies. 

Sitotoxism. — As  is  well  known,  certain  plants,  ranging  from  the  low- 
est to  the  highest,  contain  substances  which  are  highly  poisonous  to  man 
and  animals.  Many  of  these  poisons  are  alkaloids,  such  as  strychnin, 
morphin,  atropin,  etc. ;  some  are  glucosides,  such  as  digitalin,  saponin, 
etc.,  while  still  others  are  true  toxins,  such  as  are  found  in  castor  beans 
and  jequirity  beans.  Since  the  discussion  of  the  poisons  of  plants  belongs 
to  botany  and  toxicology  rather  than  to  epidemiology,  we  omit  all  dis- 
cussion of  these  substances. 

Ergotism. — Ergotism  is  due  to  poisoning  with  a  fungus  known  as 
Claviceps  purpurea,  which  develops  in  the  flowers  of  rye,  other  grains, 
and  certain  wild  grasses.  It  is  most  frequently  found  in  rye  and  darnel. 
Early  in  the  development  of  the  rye  flower  there  may  appear  in  its 
interior  a  sweet,  unpleasant  smelling  liquid,  which  sometimes  forms  so 
abundantly  that  it  overflows,  runs  down  upon  the  stalk,  and  falls  upon 
the  ground.  The  sugar  which  it  contains  attracts  ants  and  other  insects, 
and  these  aid  in  the  distribution  of  the  fungus.  There  are  certain  condi- 
tions which  are  knoMai  to  favor  the  development  of  this  parasite.  It  is  more 
common  when  there  is  a  rainy  spring  followed  by  a  hot,  dry  summer. 
Thorough  cultivation  of  the  soil  kills  the  parasite,  and  for  this  reason 
ergot  is  more  abundant  in  countries  where  the  soil  is  not  well  cultivated. 
Ergotism  has  within  recent  years  prevailed  in  epidemic  form  only  in 
certain  parts  of  Russia.  Grains  of  ergot,  after  having  been  exposed  to 
the  air  for  a  few  months,  lose  in  large  part  their  toxicity,  and  conse- 
quently epidemics  of  ergotism  follow  closely  upon  the  harvests,  and  espe- 
cially upon  poor  harvests,  when  the  parasite  is  most  abundant  and  the 
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people  are  comiDellecl  to  feed  upon  Avliat  they  have  without  close  inquiry 
as  to  its  quality.  It  may  be  pointed  out,  however,  that  in  the  present 
state  of  civilization  there  is  but  little  excuse  for  the  existence  of  epi- 
demics of  ergotism.  In  the  first  place,  thorough  cultivation  of  the  soil 
Avould  soon  completely  eradicate  this  malady,  and  a  proper  selection  of 
seed  would  do  much  in  the  same  direction.  As  early  as  1858  Kiihn 
pointed  out  the  benefit  that  would  be  secured  by  an  early  harvesting  of 
fields  contaminated  with  ergot,  as  by  this  means  the  spread  and  conse- 
quent development  of  this  parasite  would  be  largely  prevented.  More- 
over, the  ergot  grain  is  much  larger  than  that  of  rye,  and  this  difference 
in  size  permits  of  the  easy  separation  of  the  two  by  means  of  sieves 
especially  constructed  for  the  purpose.  The  commercial  value  of  ergot 
is  so  much  greater  than  that  of  rye  that  the  time  given  to  the  separation 
of  the  two  would  be  profitably  spent,  and  yet  so  dense  is  the  ignorance 
and  so  pronounced  is  the  indolence  of  certain  peasant  classes  that  epi- 
demics of  ergotism  continue  and  probably  will  continue  for  many 
years.  Robert  and  his  student,  Griinefeld,  have  found  three  poisons 
in  ergot;  these  are,  ergotinic  acid,  sphacelinic  acid,  and  cornutin. 
The  first  of  these,  ergotinic  acid,  is  poisonous  when  injected  sub- 
cutaneously  or  intravenously,  but  seems  to  be  devoid  of  harmful  prop- 
erties when  taken  by  mouth ;  hence  it  can  play  no  part  in  the  causation 
of  ergotism.  It  was  believed  by  Robert  that  in  all  cases  of  ergotism 
both  the  sphacelinic  acid  and  the  cornutin  are  active ;  therefore,  a  clinical 
picture  of  the  disease  must  be  a  composite  resulting  from  the  combined 
action  of  the  two,  and  it  must  vary  with  the  preponderance  of  one  or 
the  other  in  the  ergot  taken.  According  to  the  same  authority,  sphac- 
elinic acid  is  the  constituent  of  ergot  that  causes  gangrene  and  develops 
the  cachexia  of  the  disease.  Griinefeld  fed  animals  with  sphacelinic  acid 
and  induced  gangrene  in  cocks.  The  comb,  then  the  wattles,  tongue, 
wings,  and  crop  respectively,  were  affected.  In  hogs  the  ears  fell  off 
bit  by  bit ;  in  horses  and  cows,  the  tails,  ears,  and  hoofs  separated, 
while  in  dogs  and  cats  the  gangrene  usually  began  in  the  skin.  When 
locally  applied  in  concentrated  solution,  sphacelinic  aeid  causes  gangrene 
of  the  tissues  with  which  it  comes  in  contact  and  this  explains  the  necrosis 
of  the  living  tissue,  the  ulcerations,  and  the  hemorrhages  into  the  in- 
testines. 

Cornutin  does  not  cause  death  of  tissue,  but  acts  directly  upon  the 
nervous  system  and  is  believed  to  be  the  active  agent  in  the  causation  of 
ergotismus  convulsivus.  It  acts  on  the  brain  and  cord,  affecting  the 
vagus  and  vasomotor  centers,  and  acting  through  the  lumbar  cord  upon 
the  uterus.  Cornutin  readily  undergoes  decomposition,  gradually  losing 
its  virulence,  and  is  found  only  in  fresh  ergot,  disappearing  more  quickly 
than  sphacelinic  acid.    For  this  reason  it  happens  that  those  symptoms 
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due  to  cornutin  are  more  prominent  in  outbreaks  occurring  soon  after 
the  harvest,  while  those  due  to  sphacelinic  acid  are  seen  both  in  early 
and  late  epidemics. 

Robert's  investigations  apparently  satisfactorily  explained  the  clinical 
manifestations  and  lesions  of  the  two  forms  of  ergotism,  but  others  have 
not  been  able  to  confirm  his  work  and  it  is  reported  that  he  himself 
worked  for  years  before  his  death  in  trying  to  duplicate  the  results  as 
above  stated,  but  was  unable  to  do  so.  More  recently,  Barger  and  Dale 
have  found  in  ergot  two  highly  poisonous  bodies,  p-hydroxyphenyl- 
ethylamine  and  |8-iminazolethylamine,  but,  so  far  as  we  can  understand, 
these  substances  do  not  fit  in  so  well  as  did  those  described  by  Kobert 
in  the  explanation  of  epidemic  ergotism.  Pliny,  Galen,  and  other  Eoman 
authors,  undoubtedly  knew  something  of  ergotism  and  wrote  concerning 
malignant  diseases  which  were  due  to  poisonous  grain.  During  the 
middle  ages  ergotism  played  great  havoc  from  time  to  time  in  France. 
The  first  recorded  epidemic  dates  as  far  back  as  857  A.D.  and,  according 
to  Creighton,  probably  to  590  A.D.    This  author  says: 

"Six  great  outbreaks  are  recorded  in  the  tenth  centuiy,  seven  in  the  eleventh,  ten 
in  the  twelfth,  and  three  in  the  thirteenth,  the  medieval  series  ending  with  one  in  the 
year  1373,  The  estimates  of  mortality  in  the  several  epidemics  of  ergotism  over  a 
larger  or  smaller  area  of  France,  range  as  high  as  40,000  and  14,000,  which  numbers 
may  be  taken  to  be  the  roughest  of  guesses;  but  in  later  times  upwards  of  500  deaths 
from  ergotism  have  been  accurately  counted  in  a  single  outbreak  within  a  limited  dis- 
trict. The  epidemics  have  been  observed  in  particular  seasons,  sometimes  20  years  or 
more  elapsing  without  the  disease  being  seen;  they  have  occurred  also  in  particular 
provinces — in  the  basiu  of  the  Loire,  in  Lorraine,  and  since  the  close  of  the  medieval 
period,  especially  in  the  Sologne.  The  disease  has  usually  been  traced  to  a  spoiled 
rye  crop;  but  there  is  undoubted  evidence  from  the  more  recent  period  that  a  poison 
with  corresponding  effects  can  be  produced  in  some  other  cereals,  even  in  wheat  itself. ' ' 

The  ergotism  described  as  existing  during  the  middle  ages  was  of  the 
gangrenous  variety.  The  poison  set  up  endarteritis  in  the  smaller  vessels 
in  the  extremities,  leading  to  their  occlusion  and  terminating  in  gan- 
grene. The  toes  would  fall  off,  then  the  feet  and  possibly  the  legs  at 
the  knees,  or  the  process  might  begin  in  the  fingers,  the  gangrenous 
changes  gradually  ascending,  and  this  was  accompanied  by  an  intense 
burning.  The  disease  at  that  time  was  known  as  ignis  sacer,  or  as  the 
fire  of  St.  Anthony,  or  as  ignis  infernalis.  When  ergotism  began  to  be 
reported  from  Germany  it  was  of  quite  a  different  type.  It  was  char- 
acterized at  first  by  creeping,  itching  sensations  in  the  limbs,  by  spasms 
of  the  hands,  arms,  feet,  and  legs,  often  leading  to  contractures  of  the 
joints  and  in  the  worst  cases  terminating  in  periodic  convulsions  involv- 
ing the  whole  body.  It  is  the  difference  between  the  gangrenous  and 
the  convulsive  forms  of  this  disease  which  Robert's  investigations  ap- 
parently so  well  explained.     It  seems  perfectly  reasonable  to  say  that 
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the  ancient  French  ergotism  or  the  gangrenous  form  was  due  to 
sphacelinic  acid  while  the  German  or  convulsive  form  was  dvie  to  the 
cornutin.  According  to  Kobert's  explanation,  the  difference  in  time  after 
harvesting  when  the  ergotized  rye  was  eaten  would  determine,  in  part 
at  least,  whether  the  disease  should  be  of  the  gangrenous  or  the  con- 
vulsive type.  It  is  within  the  range  of  possibility  that  subsequent  inves- 
tigations may  show  that  there  are  many  and  diverse  varieties  of  this 
parasite  and  that  they  are  also  unlike  in  their  chemical  composition,  and 
especially  in  the  poisons  which  they  elaborate  and  bear. 

Creighton  has  made  an  analysis  of  the  epidemics  in  England  which 
might  possibly  have  been  due  to  ergot  and  has  found  only  one  unques- 
tionable instance  and  this  involved  only  one  family  and  occurred  in  Jan- 
uary, 1762.  A  peasant  family,  father,  mother,  and  six  children,  in 
Suffolk  were  attacked  with  symptoms  of  gangrenous  ergotism,  termi- 
nating in  several  of  them  in  the  loss  of  portions  of  their  limbs.  This 
family  had  not  used  rye  flour,  but  for  some  time  their  bread  had  been 
made  from  damaged  wheat,  grown  in  the  neighborhood  and  kept  apart 
from  the  good  grain  so  as  not  to  spoil  it.  Other  epidemics  investigated 
by  Creighton  are  by  no  means  convincing  as  to  their  true  nature,  and  this 
author  concludes  that  there  is  no  reason  for  believing  that  ergotism  in 
either  form  has  ever  been  widely  prevalent  in  England.  He  believes  this 
to  be  due  to  the  fact  that  the  English  have  never  extensively  eaten 
rye  bread  and  that  even  during  the  middle  ages  the  cultivation  of  the 
soil  was  more  thoroughly  done  than  in  France.  In  the  United  States 
there  have  been  rarely,  but  from  time  to  time,  epidemics  of  ergotism 
among  cattle;  but,  so  far  as  we  know,  this  disease  has  never  been  seen 
in  man  in  this  country  either  in  sporadic  or  epidemic  form. 

Lathyrism. — In  the  second  book  on  epidemics,  Hippocrates  wrote: 

"At  Aiuos,  all  men  and  "women,  who  ate  continuously  peas,  became  impotent  in  the 
legs  and  that  state  persisted. ' ' 

From  that  time  to  this  it  has  been  knoAvn  that  several  species  of 
lathyrus  or  vetch,  when  constituting  a  large  part  of  the  daily  food  over 
a  considerable  time,  may  cause  certain  untoward  effects.  Three  species 
of  lathyrus  have  been  proved  to  be  poisonous  under  these  conditions. 
They  are,  L.  sativus,  L.  cicera,  and  L.  clymenum.  In  countries  where 
and  at  times  when  any  of  these  peas  constitute  a  large  proportion  of  the 
daily  diet  either  for  man  or  domestic  animals,  symptoms  of  poisoning 
result.  Of  the  more  than  120  known  species  of  lathyrus,  13  are  native 
of  the  United  States  and  others  are  cultivated  here  on  account  of  their 
showy  flowers,  the  sweet  pea  of  the  garden  being  an  example  of  the 
latter.  In  northern  Africa  and  southern  Europe  lathyrism  has  been 
frequently  observed  through  many  centuries,  and  in  India  and  other 
parts  of  Asia  it  has  been  and  continues  to  be  a  cause  of  severe  epidemics. 
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As  early  as  1671  it  was  known  that  bread  made  from  vetch  seeds  mixed 
with  Graham  flour  seriously  affected  those  who  ate  of  it  for  any  length 
of  time  and  the  Grand  Duke  of  Wiirttemberg  issued  an  edict  forbidding-  the 
use  of  food  of  this  kind.  At  that  time  it  Avas  noticed  that  those  who  ate 
of  this  bread  suffered  from  marked  stiffness  of  the  extremities  and  the 
disease  was  regarded  as  incurable,  although  death  seldom  resulted  from 
it.  In  1691  Ramazzini  described  an  epidemic  in  the  Grand  Duchy  of 
Modena  and  attributed  it  to  the  eating  of  peas,  esj)ecially  Ervum.  In 
1786  the  Government  of  Florence  cautioned  the  peasants  against  this 
danger  and  during  the  nineteenth  century  similar  cautions  Avent  to  the 
French  from  their  veterinary  school  of  Alfort.  Peasants  were  advised 
not  to  feed  their  horses  and  other  animals  too  largely  on  peas.  The 
species  to  which  most  French  and  other  European  epidemics  have  been 
attributed  is  L.  cicera.  During  the  latter  part  of  the  nineteenth  century 
French  army  officers  in  Algeria  reported  epidemics,  large  and  small, 
especially  among  horses.  The  first  report  of  this  disease  in  modern 
times  from  India  was  made  by  Sleeman  (1834)  and  concerned  an  epi- 
demic in  the  Central  Provinces.  Subsequent  epidemics  were  reported  in 
the  Northwest  Provinces  by  Irving  and  others.  In  1887  the  literature 
upon  this  subject  was  collected  by  Schuchardt.  Still  more  recently, 
Buchanan  has  reported  epidemics  in  India,  invohdng,  in  one  instance 
at  least,  more  than  7,000  cases. 

Numerous  attempts  have  been  made  to  isolate  the  poisonous  principle 
or  principles  of  lathyrus,  but,  so  far,  the  results  obtained  have  not  been 
altogether  satisfactory  and  to  some  extent  contradictory.  Teilleux  ob- 
tained a  resinous  body,  which,  when  administered  to  rabbits  in  gram 
doses,  caused  tetanic  movements  of  the  muscles  and  finally  paralysis 
of  the  extremities,  death  occurring  Avithin  four  days.  From  Lathyrus 
cicera,  Bourlier  obtained  an  extract  Avhich  killed  frogs  and  many  small 
birds  Avithin  48  hours  at  most.  An  alkaloidal  body  Avas  obtained  by 
Marie  from  the  seeds  of  Lathyrus  satiA' a ;  hoAvcA^er,  this  substance  Avhen 
administered  subcutaneously  to  guinea  pigs  does  not  induce  am^  of  the 
characteristic  symptoms  of  lathyrism.  Astier  obtained  an  alcoholic  ex- 
tract Avhich  after  repeated  injections,  induced  in  dogs  complete  para- 
plegia, from  AA^hich  the  animals  sIoaa^v  recovered.  Recently,  1917,  Stock- 
man extracted  two  kilograms  of  L.  sativus  groAA^n  in  India  with  Avater 
acidified  Avith  tartaric  acid.  This  extract  Avas  precipitated  Avith  ninety 
per  cent  alcohol,  the  alcohol  removed  by  distillation  and  the  solution, 
after  being  made  alkaline  Avith  sodium  carbonate,  was  shaken  with 
chloroform.  The  chloroform  on  CA^aporation  left  an  amorphous  alkaloid 
Avhich  gave  a  crystalline  salt  with  hydrochloric  acid.  The  same  iuA^esti- 
gator  fed  lathyrus  to  A^arious  animals  and  concludes  his  investigations 
as  follows: 
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"(1)  Both  tlie  large  peas  (grown  on  dry  wheat  lands)  and  the  small  i^cas  (grown 
on  wet  rice  lands)  of  Lathyrus  sativus  are  poisonous.  (2)  Different  samples  of  peas 
vary  greatly  in  toxicity.  (3)  The  poisonous  suljstance  is  an  alkaloid.  (4)  Certain 
species  of  animals  are  very  much  more  susceptible  than  others.  (5)  Individual  sus- 
ceptibility varies  greatly  in  the  same  species.  (6)  With  ordinary  samples  of  the  peas 
and  in  susceptible  animals  feeding  has  to  be  carried  on  for  some  time  before  toxic 
symptoms  develop.  Occasionally,  however,  the  peas  seem  to  be  more  poisonous  and 
capable  of  causing  more  acute  poisoning.  (7)  In  monkeys  and  in  other  susceptible 
lower  animals  prolonged  feeding  seems  to  cause  a  greater  or  lesser  degree  of  paralysis 
of  the  peripheral  nerves,  along  with  other  symptoms  due  apparently  to  an  action  on 
the  central  nervous  system.  (8)  A  single  large  dose  of  the  alkaloid  paralyzes  the 
terminations  of  motor  nerves,  but  other  parts  of  the  nervous  system  are  also  affected. 
(9) Histologic  examination  of  the  muscles  and  nervous  system  in  poisoned  monkeys 
showed  no  structural  changes." 

In  Hindustani,  L.  sativus  is  known  as  khasari,  in  Bengal  as  teora,  and 
in  the  Northwest  Provinces  as  mattar.  Stockman,  quoting  Buchanan, 
gives  the  following  description  of  the  symptoms  in  man : 

"  (1)  If  a  man  eats  teora  for  about  two  months  he  gets  cramps  in  the  calves  of  his 
legs,  and  if  he  then  stops  eating  the  gxain  he  may  recover  almost  entirely,  or  only  a 
little  stiffness  of  his  legs  may  remain.  He  is  able  to  walk  about  without  the  aid  of  a 
stick,  but  an  up  and  down  movement  of  his  shoulders  may  be  noticed  when  he  is  walk- 
ing. His  toes  may  drag  slightly  on  the  ground.  (2)  If  he  continues  eating  teora  he 
may  experience  a  somewhat  sudden  onset  of  paralysis.  If  he  then  stops  eating  teora 
he  will  improve,  and  in  a  few  weeks  he  will  be  able  to  move  about,  but  with  the  aid 
of  a  long  stick.  His  toes  will  scrape  the  gi'ound,  and  the  muscles  of  the  back  of  his 
legs  will  be  rigid.  (3)  If  he  should  stiU  go  on  eating  teora  he  will  lose  control  over 
the  bladder  and-  rectum  sphincters.  If  he  stops  eatiug  teora  he  also  vnll  improve,  and 
he  will  be  able  to  move  about  after  a  few  months,  but  he  will  require  to  support  him- 
self with  two  sticks.  (4)  A  very  small  number  of  cases  are  unable  to  stand  even  with 
the  aid  of  sticks." 

It  is  claimed  by  the  Arabs  of  northern  Africa  that  the  poison  in  peas 
is  destroyed  at  a  high  temperature.  These  people  eat  vetch  prepared  in 
two  ways;  one  preparation,  known  as  *'kouskouson"  is  steamed  or 
boiled,  while  the  other  dish,  known  as  "galette"  is  cooked  at  a  higher 
temperature,  and  it  is  said  to  be  an  authenticated  fact  that  injurious 
effects  more  frequently  follow  the  use  of  the  former  than  of  the  latter. 
In  the  same  country  the  first  symptom  of  lathyrism  is  said  to  be  mani- 
fested by  a  chill  which  is  followed  by  pain  in  the  loins  and  legs.  A 
girdle  sensation  is  complained  of  by  some,  and  motor  lameness  of  the  lower 
extremities  is  common.  The  patient  walks  with  difficulty,  and  later  finds 
locomotion  wholly  impossible.  The  knee  reflex  is  greatly  intensified  and 
a  paresthesia  with  formication  may  be  marked.  It  is  stated  by  some 
that  gangrene  of  the  feet  and  legs  may  occur,  but  it  is  possible  that 
cases  upon  which  this  statement  is. founded  were  due  to  ergot  poisoning. 

Poisoning  with  bread  containing  the  seeds  of  darnel  (Lolium  temu- 
lentum)  has  been  known  and  recorded  from  early  Roman  times.     It  is 
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stated  by  Orfila  that  this  form  of  food  poisoning  played  a  part  in  the 
blockade  of  Genoa  in  1800.  More  recently,  local  epidemics  have  been 
observed  in  Europe  and  India.  Cordier  took  early  one  morning  six 
drams  of  the  seed  and  records  that  this  was  followed  by  indistinctness  of 
vision,  drowsiness,  bodily  weakness,  nausea,  vomiting,  tremors  of  the 
limbs,  and  difficulty  in  speech.  Bley  has  obtained  from  these  seeds  a 
bitter  principle  which  he  named  loliin,  but  the  action  of  this  substance 
has  not  been  satisfactorily  studied.  Freeman  attributes  the  poisonous 
action  of  these  seeds  to  a  fungus  which  is  frequently  found  on  the  seed. 

In  China  certain  species  of  spinach  (Atriplex  littoralis  and  A.  angus- 
tissima)  are  supposed  to  be  poisonous.  These  plants  grow  up  as  weeds 
in  the  courts,  gardens,  and  along  the  walls  of  houses  in  Peking  and  they 
are  eaten  by  poor  people,  either  uncooked  or  cooked.  It  has  been  sug- 
gested that  the  poisonous  action  of  the  plant  is  due  to  an  insect  which 
feeds  upon  its  leaves.  According  to  Laveran,  the  people  who  pluck  the 
leaves  infect  the  thumb  and  forefinger  and  thus  carry  the  infection  to 
the  mouth.  This  explanation  is  in  accord  with  the  development  of  the 
symptoms.  The  tips  of  the  fingers  and  the  backs  of  the  hands  itch  and 
in  some  instances  ■  it  is  distinctly  recognized  that  the  first  sensations 
appear  on  the  thumb  and  forefinger.  These  parts  become  painful, 
swollen,  and  cold,  and  these  conditions  gradually  spread  until  they  may 
involve  the  greater  part  of  the  body.  The  eyelids  itch,  the  face  is 
swollen,  the  nose  is  cold  and  markedly  cyanosed.  The  sensation  of  touch 
is  diminished  and  ulcers  may  follow  accompanied  by  much  itching  and 
terminating  in  ugly  scars.  Gangrene  of  the  fingers  has  been  reported. 
This  looks  very  much  like  ergotism. 

In  Sardinia  there  occurs  from  time  to  time  a  disease  which  is  believed 
to  be  due  to  the  eating  of  fresh  beans  (Vicia  fava)  and  some  go  so  far  as 
to  say  that  the  odor  of  the  blossoms  of  this  plant  may  cause  the  untoward 
symptoms.  Fabismus,  as  it  is  known,  has  been  studied  by  a  number  of 
most  competent  investigators,  and  still  the  cause  has  never  been  satis- 
factorily explained.  Its  symptomatology  is  described  by  Castellani  and 
Chalmers  as  follows: 

"Within  a  few  hours  of  eating  the  beans  or  of  being  exposed  to  the  scent  of  the 
fiowers,  an  acute  febrile  attack,  associated  with  marked  blood  destruction  sets  in. 
The  red  cells  fall  to  2,000,000  per  e.mm.,  and  the  hemoglobin  to  twenty  per  cent,  and 
icterus  sets  in  with  liver  tenderness,  but  no  enlargement  of  that  organ  or  of  the  spleen. 
Bile  may  be  vomited  and  passed  in  motions,  wiiile  hemoglobin,  urobilin,  and  indican  are 
found  in  the  urine.     Children  die  in  a  few  days  but  adults  recover  quickly." 

The  development  of  skin  lesions  following  the  long-continued  eating 
of  buckwheat  cakes  is  a  rare  but  well-known  phenomenon. 

Solanotoxism. — The  genus  Solanum  includes  a  number  of  herbs  and 
shrubs,  some  of  which  are  quite  highly  poisonous.    In  this  genus  are  the 
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nightshades,  bittersweet,  the  so-called  apple  of  Sodom,  and  the  common 
potato.  Since  the  last  mentioned  is  the  only  member  of  this  genus  used 
as  a  food,  we  confine  our  attention  to  this.  The  common  potato,  desig- 
nated by  us  as  the  Irish  potato,  contains  an  alkaloid  known  as  solanin. 
The  presence  of  this  alkaloid  in  the  potato  seems  to  vary  greatly,  being 
affected  possibly  by  the  soil,  and  to  a  greater  extent  by  the  condition  of 
the  tuber  at  the  time  the  examination  is  made.  Me,yer  found  in  potatoes 
as  ordinarily  served,  from  0.04  to  0.116  gram  per  kilo,  while  young  pota- 
toes yielded  as  much  as  0.236  gram  per  kilo.  In  potato  sprouts  and  in 
immature  potatoes,  Meyer  found  as  much  as  0.580  gram  per  kilo.  The 
danger  point  seems  to  be  reached  when  the  potato  contains  as  much 
as  0.2  gram  per  kilo,  although  Haselberg  found  that  the  isolated  alkaloid 
could  be  given  in  much  larger  doses  than  this  without  causing  symptoms. 
Schmiedeberg  suggested  that  the  quantity  of  solanin  in  potatoes  might 
be  increased  by  the  presence  of  bacteria,  and  this  suggestion  was  ap- 
parently^ confirmed  by  studies  made  by  AVeil.  This  is  altogether  unlikely, 
and  Weil's  results  have  not  been  confirmed  by  subsequent  investigations. 
It  is  still  an  open  question  whether  potato  poisoning  is  due  to  the  solanin 
content  or  to  some  decomposition  product  in  the  food. 

Banks  reports  a  family,  seven  in  number,  who  breakfasted,  dined  and 
supped  on  potatoes,  and  who  began  about  an  hour  after  breakfast  to 
experience  sensations  of  uneasiness  in  the  stomach  and  bowels.  The 
potatoes  appeared  sound  and  good  before  they  were  boiled,  but  after- 
wards exhibited  black  spots  and  fibers  in  their  structure.  The  sj^mp- 
toms  in  all  were  practically  the  same  and  were  characterized  by  evidences 
of  pain,  shivering,  coldness  of  the  surface,  swelling  of  the  abdomen,  with 
excruciating  pain  on  pressure,  and  distension  of  the  bladder  caused  by 
retention.  It  should  be  understood  that  these  people  were  ill  for  six  days 
before  they  were  carried  to  hospital.  The  urine  was  drawn  off  and  the 
intestines  washed  out.  The  fecal  matter  thus  obtained  consisted  of  large 
patches  of  potato  peel  mixed  with  spongj-  balls  of  decayed  Avoody  fiber, 
in  Avhich  all  traces  of  structure  seemed  to  have  been  lost  except  in  the 
fragments  of  peel.  There  was  not  a  trace  of  starch  in  the  stools  and  from 
this  matter  there  was  extracted,  with  ether,  an  oil  which  was  found  to  be 
colorless  and  volatile.  Delirium,  the  most  prominent  symptom  in  poison- 
ing by  the  solanaceae,  was  not  present.  Banks  reached  the  conclusion 
that  a  moderate  quantity  of  blighted  potatoes  might  be  used  without 
harm  if  mingled  with  other  articles  of  aliment,  but  that  they  are  dan- 
gerous when  they  constitute  a  large  proportion  of  or  are  the  sole  food. 
All  cases  recovered,  but  only  after  an  illness  of  from  four  to  six  weeks. 
Savage  quite  wisely  suggests  that  these  cases  owed  their  untoward  symp- 
toms to  the  presence  of  fungi. 

Savage  reports  the  only  case  in  England  so  far  as  he  can  find  and  this 
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occurred  iii  1910.  The  persons  involved  numbered  from  80  to  100  and  all 
had  consumed  a  meal  consisting  of  potatoes  and  fish  fried  in  oil.  As  pur- 
chased, the  potatoes  were  apparently  good  and  those  cooked  the  evening 
before  did  no  harm.  The  second  portion  was  Avashed  and  scrubbed  and 
left  exposed  to  ordinary  temi3erature  until  the  following  day  when  they 
were  cooked  and  eaten.  Savage  thinks  that  in  all  probability  the  cook- 
ing in  the  oil  killed  the  bacteria  but  did  not  alter  the  bacterial  poisons. 
An  outbreak  of  food  poisoning  in  Glasgow  in  1917  is  reported  by  Harris 
and  Cockburn.  There  were  61  persons  involved,  with  one  death  in  a 
child  five  years  of  age  after  an  illness  of  31  hours.  In  most  cases  the 
symptoms  continued  for  only  a  few  hours,  but  in  10  they  lasted  from 
two  to  three  days.  Vomiting,  diarrhea,  and  headache,  foUoAved  by 
marked  debility,  were  the  chief  symptoms.  Potatoes  had  been  eaten  by 
all  those  affected.  The  tubers  were  normal  in  appearance  but  quite  a 
number  of  them  had  sprouts,  some  one-fourth  inch  in  length.  The  pota- 
toes consumed  at  this  meal  contained  0.041  per  cent  of  solanin.  Bacterio- 
logic  studies  gave  no  results.  Harris  and  Cockburn  concluded  that  the 
untoAvard  symptoms  in  this  outbreak  were  due  to  poisoning  with  solanin, 
but  Savage  does  not  think  this  conclusion  justified  because  the  symptoms 
were  not  those  which  are  induced  by  this  alkaloid.  Several  epidemics 
ascribed  to  potato  poisoning  have  been  reported,  especialh^  in  military 
garrisons,  in  Germany.  In  one  of  these,  Dieudonne  isolated  from  the 
food,  Avhich  was  a  potato  salad,  B.  proteus.  In  pure  culture  this  bacillus 
had  no  effect  upon  mice,  but  when  these  animals  were  fed  upon  potato 
cultures  of  B.  proteus  they  died  in  from  24  to  48  hours.  In  this  outbreak 
the  soldiers  were  ill  two  hours  after  eating  the  potato  salad  and  all 
recovered  after  about  seven  hours.  In  another  garrison  outbreak,  Pfuhl 
estimated  that  every  man  who  showed  symptoms  had  taken  the  equiva- 
lent of  about  0.3  gram  of  solanin,  and  he  attributed  the  ill  effects  to  this 
alkaloid.  "We  agree  with  Savage  that  in  no  case  of  reported  potato 
poisoning  has  it  been  convincingly  shown  that  the  active  agent  has  been 
solanin. 

Ichthyotoxism.- — There  are  numerous  animals,  such  as  the  venomous 
snakes,  scorpions,  certain  fish,  and  a  number  of  insects,  which  have  and 
use  for  purposes  of  self-protection  poisonous  secretions.  These  are  inju- 
rious to  man  when  introduced  into  the  body  parenterally,  but  are  without 
action  when  taken  by  the  mouth,  and  consequently  are  not  to  be  discussed 
in  an  article  on  food  poisoning. 

The  flesh  of  certain  animals  is  known  to  be  poisonous  on  account  of 
the  active  agents  contained  in  the  plants  which  they  eat.  It  is  stated, 
and  so  far  as  we  know,  without  denial,  that  in  certain  sections  of  this 
country  the  flesh  of  the  quail  may  be  injurious  to  man  when  this  bird 
has  fed  upon  the  mountain  laurel.    There  are  probably  similar  examples. 
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but  this  kind  of  food  poisoning  is  so  rare  that  it  needs  no  discussion. 
It  seems  to  be  pretty  well  demonstrated  that  there  are  found  in  certain 
waters  fish  whose  flesh  is  poisonous.  According  to  Remy,  there  are  in 
Japan  twelve  species  of  fish,  all  belonging  to  the  genus  Tetrodon,  whose 
ovaries  are  poisonous.  In  winter  when  these  organs  are  atrophied  the 
fish  is  less  poisonous,  although  at  no  time  can  it  be  eaten  in  quantity 
with  impunity.  Remy  fed  dogs  upon  the  ovaries  or  testicles  of  these 
fish  caught  in  winter  and  found  that  the  animals  soon  sickened,  with 
salivation,  severe  and  frequent  vomiting,  and  convulsive  muscular  con- 
tractions. A  more  prompt  and  more  frequently  fatal  result  was  obtained 
when  the  organs  were  rubbed  up  in  a  mortar  and  the  fluid  portion  admin- 
istered subcutaneously.  According  to  Takahaschi  and  Inoko,  this  fish 
poison  is  highly  resistant  to  prolonged  boiling  and  behaves  like  a  basic 
substance  with  the  general  alkaloidal  reagents.  It  was  at  one  time 
believed  in  Japan  that  beriberi  is  due  to  the  eating  of  fish,  but  the  true 
nature  of  this  disease  has  been  more  recently  ascertained  and  is  discussed 
elsewhere. 

Petromyzon  fluviatilis,  which  is  not  classed  among  fish  by  modern 
zoologists,  causes,  according  to  Prochorow,  a  bloody  diarrhea,  frequently 
observed  in  certain  districts  of  Russia.  This  occurs  whether  the  food  is 
eaten  raw  or  thoroughly  cooked,  and  it  is  stated  that  if  salt  be  sprinkled 
on  the  animal  while  it  is  alive  its  skin  secretes  an  abundant  discharge  of 
mucus  and  after  this  the  flesh  is  not  poisonous.    This  may  be  a  fairy  story. 

Cluppea  thrissa  and  C.  venonosa,  also  certain  species  of  Scarus,  have  no 
poisonous  glands,  nor  are  their  reproductive  organs  more  poisonous  than 
other  parts  of  the  body;  still  the  flesh  of  these  fish  is  always  poisonous. 
According  to  Gunther,  their  harmful  properties  are  due  to  the  medusae, 
corals,  and  other  decomposing  substances  upon  which  they  feed.  In  the 
West  Indies  it  is  a  well-known  fact  that  all  fish  caught  off  certain  coral 
banks  are  poisonous  and  that  every  part  of  the  animal  is  unfit  for  food. 
The  symptoms  are  those  of  gastroenteritis,  and  death  frequently  results. 
It  has  been  suggested  that  ichthyotoxism  may  be  due  to  substances  of 
vegetable  origin  which  are  employed  in  some  countries,  notably  by  savage 
and  partly  civilized  peoples,  to  kill  fish.  That  this  may  be  true  in  some 
instances  is  possible,  but  that  this  explanation  is  not  generally  applicable 
is  shown  by  the  observation  that  where  this  method  of  obtaining  fish  for 
food  is  most  frequently  employed,  no  ill  results  folloAv,  and  where  it  is 
not  resorted  to,  cases  of  fish  poisoning  may  be  very  common.  According 
to  Husemann,  Coeculus  indicus  has  been  employed  for  the  purpose  of 
poisoning  fish.  The  leguminous  plant,  Piscidia,  of  the  West  Indies, 
owes  its  name  to  this  use  of  its  bark.  In  the  Dutch  East  Indies  the  cortex 
of  the  root  of  Derris  elliptica  and  the  seed  of  Pachyrrhinus  angulatus 
are  employed  for  this  purpose.     Both  of  these,  according  to  Greshof, 
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contain  a  nonnitrogenous  substance  which  is  highly  poisonous  to  fish, 
and  relatively  harmless  to  other  animals.  An  extract  of  the  derris  root, 
which,  in  Borneo,  is  also  used  as  an  arrow  poison,  kills  fish  when  mixed 
with  water  in  the  proportion  of  1-25,000,  and  the  active  principle  in  a 
dilution  of  1-5,000,000.  G-reshof  has  isolated  both  poisons  and  named 
them  derrid  and  pachyrrhizid.  A  legumen,  Tephrosia  ichthyonecea,  from 
West  Africa,  also  yields  a  nonnitrogenous  poison,  but  this  affects  other 
animals  as  well  as  fish.  The  fish  poison  of  Java,  from  the  seed  of  Milletia 
atropurpurea,  contains  saponin,  and  that  of  Ceylon,  from  Hydrocarpus 
inebrians,  owes  its  effect  to  hydrocyanic  acid.  Eobinea  nicon  of  tropical 
America  is  used  by  savage  tribes  for  the  purpose  of  benumbing  fish  and 
this  plant  has  been  found  to  contain  a  white  crystalline  substance,  freely 
soluble  in  alcohol,  wholly  insoluble  in  water.  Water,  to  which  an  alco- 
holic solution  of  this  poison  has  been  added  in  the  proportion  of  1- 
1,000,000,  kills  fish.  Other  fish  poisons  of  the  West  Indies  are  Jacquinia 
armillaris,  which,  on  account  of  the  fact  that  its  dried  fruit  is  used  for 
bracelets,  is  now  known  as  hois  'bracelet,  and  Serjania  letalis,  from  which 
the  poisonous  honey  of  a  certain  wasp  is  prepared,  the  toxic  action  of 
which  St.  Hilaire  has  tested  upon  himself.  This  honey,  even  in  small 
quantity,  is  said  to  produce  a  mild  intoxication.  This  will  remind  the 
classical  student  of  the  poisonous  honey  connected  with  the  retreat  of 
the  10,000  Greek  soldiers  under  Xenophon  which  occurred  400  years 
before  our  era.  It  will  be  understood,  that  so  far  we  have  discussed  only 
those  foods  which  are  inherently  poisonous. 

The  Spaniards  use  the  word  siguatera  (pronounced  sig-wah-te-ra)  to 
designate  the  complex  of  symptoms  induced  in  man  by  the  eating  of  fish 
that  are  physiologically  poisonous,  and  Blanchard  has  written  as  follows : 

' '  Siguatera  is  an  intoxication  caused  by  fresh  food,  not  infected  by  bacteria,  and  in 
which  the  poisonous  principles  are  leukomains,  formed  by  the  physiologic  activity  of 
the  tissues.  I  propose  to  designate  this  category  of  intoxication  by  the  word  siguatera, 
a  name  employed  by  the  Spanish  physicians  of  the  Antilles  to  indicate  poisoning  by 
eating  fish." 

In  Russia  many  instances  of  fish  poisoning  are  due  to  the  fact  that  the 
fish  are  diseased  and  the  disease  is  transmitted  to  man  in  his  food.  In- 
stances of  this  kind  of  fish  poisoning  are  well  known  in  Germany  also, 
and  here  they  are  generally  due  to  eating  diseased  barbels.  The  symp- 
toms are  identical  with  those  of  cholera  nostras  and  the  disease  is  known 
as  ''barbencholera."  The  poison,  the  nature  of  which  is  yet  unknown, 
evidently  reaches  the  mucous  membrane  of  the  stomach  and  intestines. 
This  form  of  fish  poisoning  is  sometimes  called  ichthyotoxism  gastricus. 

Schmidt  concludes  his  studies  on  poisonous  fish  in  Russia  with  the 
followin a;  statements: 
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"(1)  Poisoning  with  fisli  is  not  due  to  putrefaction.  (2)  Fish  poisoning  (in  Rus- 
sia) is  always  due  to  some  member  of  the  sturgeon  triljo.  (3)  The  genesis  of  fish 
jjoisoning  has  no  relation  to  the  metliod  of  catching  the  fisli,  the  use  of  salt,  or  imper- 
fections in  the  method  of  preserving  them.  (4)  The  poisionous  substance  is  not  dis- 
tributed throughout  the  animal,  but  is  confined  to  certain  pai-ts.  (5)  The  poisonous 
jiortion  cannot  lie  distinguished  from  the  nonpoisonous,  either  maeroscopieally  or 
microscopically.  (6)  The  tlioroughly  cooked  meat  is  never  poisonous.  (7)  The  fish 
poison  is  an  animal  alkaloid,  produced  most  probably  by  bacteria  that  cause  an  infec- 
tious disease  in  the  fish." 

Arustamow  has  studied  11  cases  of  fish  poisoning  in  which  five  termi- 
nated fatally.  In  the  fish,  and  in  the  liver,  kidneys  and  spleen  of  the  per- 
sons, bacteria,  resembling,  but  not  identical  with,  the  typhoid  bacillus, 
were  found.  The  most  noteAvorthy  symptoms  were  general  weakness, 
dull  pain  in  the  abdomen,  dyspnea,  mydriasis,  vertigo,  and  dryness  of 
the  mouth.  This  author  also  concludes  that  the  ill  effects  are  due  to  bac- 
teria which  are  pathogenic  to  the  fish,  and  in  the  cases  observed  by  him 
the  meat  was  eaten  raw. 

Sieber  found  that  the  fish  in  an  aquarium,  from  which  some  had  been 
taken  to  supply  a  table  and  had  proved  poisonous,  were  sick  and  that  as 
many  as  30  died  within  the  next  two  days.  From  the  dead  and  sick  fish 
Sieber  obtained  by  anaerobic  methods  a  highly  toxicogenic  germ,  to 
which  she  gave  the  name  Bacillus  piscicidus  agilis.  This  bacterium  con- 
sists of  highly  motile,  short  rods,  and  old  cultures  show  spore  formations. 
The  bacilli  are  easily  colored  with  Ziehl's  solution,  and  on  gelatin  and 
agar  plates  the  colonies  are  granular,  gray,  or  yellow.  This  organism 
liqiiefies  gelatin  and  produces  carbonic  acid  gas  and  small  quantities  of 
methylmercaptan.  It  is  pathogenic  to  fish,  mice,  rats,  frogs,  dogs,  and 
guinea  pigs,  and  from  the  muscles  of  these  animals  the  germ  may  be 
recovered  in  pure  culture.  After  filtration  through  porcelain  the  ster- 
ilized cultures  are  quite  as  poisonous  as  before  sterilization.  Heat  does 
not  destroy  the  poison  and  at  least  one  poisonous  substance  may  be 
obtained  by  distillation.  Filtered  cultures  give  an  intense  red  coloration 
with  ferric  chlorid.  Sieber  has  obtained  from  growths  of  this  bacillus, 
cadaverin  and  other  known  ptomains,  but  there  are  at  least  two  undeter- 
mined bases  present  and  one  of  these  suffices  to  kill  frogs  in  doses  of 
3.5  mg.  The  symptoms  induced  in  animals  by  the  use  of  sterilized  cul- 
tures consist  in  shortness  of  breath  and  unrest,  followed  by  apathy  and 
paralysis. 

Tyrotoxism. — In  1827  Hllnnefeld  made  analyses  of  poisonous  cheese 
aiid  experimented  with  extracts  upon  the  lower  animals.  He  accepted 
the  ideas  of  Kerner  in  regard  to  poisonous  sausage  in  a  somewhat  mod- 
ified form,  and  thought  the  active  agents  to  be  sebacic  and  caseic  acids. 
About  the  same  time  Sertlirner,  making  analyses  of  poisonous  cheese  for 
Westrumb,  also  traced  the  poisonous  principles,  as  he  supposed,  to  these 
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fatty  acids.    In  1848  Christison,  after  referring  to  the  above  mentioned 
work,  made  the  following  statement: 

"His  (Hiinnef eld's)  experiments,  however,  are  not  quite  conclusive  of  the  fact  that 
these  fatty  acids  are  really  the  poisonous  principles,  as  he  has  not  extended  his  experi- 
mental researches  to  the  caseic  and  sebacic  acids  prepared  in  the  ordinary  way.  His 
views  will  probably  be  altered  and  simplified  if  future  experiments  should  confirm  the 
late  inquiries  of  Braconnot,  who  has  stated  that  Proust's  caseic  acid  is  a  modification 
of  acetic  acid  combined  with  an  acrid  oil. ' ' 

In  1852  Schlossberger  made  experiments  with  the  pure  fatty  acids  and 
demonstrated  their  freedom  from  poisonous  properties.  Since  the  over- 
throw of  the  fatty-acid  theory,  various  conjectures  have  been  made.  In 
1883  and  1884  there  were  reported  to  the  Michigan  State  Board  of  Health 
about  300  cases  of  cheese  poisoning.  As  a  rule,  the  first  symptoms  ap- 
peared within  from  two  to  four  hours  after  eating  the  cheese.  In  a 
few,  the  symptoms  were  delayed  from  eight  to  ten  hours  and  in  all  these 
they  were  very  slight.  The  attending  physicians  reported  that  the  grav- 
ity of  the  symptoms  varied  with  the  amount  of  cheese  eaten,  but  no  one 
who  ate  of  the  poisonous  cheese  wholly  escaped.  One  physician  reported 
the  symptoms  as  follows: 

"Every  one  who  ate  of  the  cheese  was  taken  with  vomiting,  at  first  of  a  thin, 
watery,  later  of  a  more  consistent  reddish-colored,  substance.  At  the  same  time  the 
patient  suffered  from  diarrhea  with  watery  stools.  Some  complained  of  pain  in  the 
region  of  the  stomach.  At  first  the  tongue  was  white,  but  later  it  became  red  and  dry; 
the  pulse  was  feeble  and  irregular;  countenance  pale  with  marked  cyanosis.  One  small 
boy,  whose  condition  seemed  very  critical,  was  covered  all  over  the  body  with  bluish 
spots. ' ' 

Notwithstanding  the  severity  of  the  symptoms  in  many,  there  was  no 
fatal  termination  among  these  cases,  though  several  deaths  from  cheese 
poisoning  in  other  outbreaks  have  occurred.  Many  of  the  physicians  at 
first  diagnosed  the  cases  from  the  symptoms  as  arsenical  poisoning,  and 
on  this  supposition  many  of  them  administered  ferric  hydrate.  Others 
gave  alcohol  and  treated  upon  the  expectant  plan.  Vaughan,  to  whom 
the  cheese  was  sent  for  analysis,  made  the  following  report: 

"All  of  these  300  eases  were  caused  by  the  eating  of  twelve  different  cheeses.  Of 
these,  nine  were  made  at  one  factory  and  one  each  at  three  other  factories.  Of  each 
of  the  twelve  I  received  smaller  or  larger  pieces.  Of  each  of  ten  I  received  only  small 
amounts.  Of  each  of  the  other  two  I  received  about  18  kilograms.  The  cheese  was 
in  good  condition.,  and  tliere  was  nothing  in  the  taste  or  odor  to  excite  suspicion.  How- 
ever, from  a  freshly  cut  surface  there  exuded  numerous  drops  of  a  slightly  opalescent 
fluid  which  reddened  litmus  jDaper  quickly  and  intensely.  Although,  as  I  have  stated,  I 
could  discern  nothing  peculiar  in  the  odor,  if  two  samples,  on:e  of  good,  the  other  of 
poisonous  cheese,  were  placed  before  a  dog  or  cat,  the  animal  would  invariably  select 
the  good  cheese;  but  if  only  poisonous  cheese  were  offered  and  the  animal  was  hungry, 
it  would  partake  freely.  A  cat  was  kept  for  seven  days  and  fed  only  poisonous  cheese 
and  water.  It  ate  freely  of  the  cheese  and  manifested  no  untoward  symptoms.  After 
the  seven  days  the  anihial  was  etherized  and  abdominal  section  made.     No  abnormality 
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could  be  found.  I  predicted,  however,  in  one  of  my  first  articles  ou  poisonous  cheese 
that  the  isolated  poison  would  affect  lower  animals.  At  first  I  made  an  alcoholic 
extract  of  the  cheese.  After  the  alcohol  was  evaporated  in  vacuo  at  a  low  tempera- 
ture a  residue,  consisting  mainly  of  fatty  acids,  remained.  I  ate  a  small  bit  of  this 
residue  and  found  that  it  produced  dryness  of  the  throat,  nausea,  vomiting',  and 
diarrhea.  The  most  of  this  extract  consisted  of  fats  and  fatty  acids  and  for  some 
weeks  I  endeavored  to  extract  the  poison  from  these  fats,  but  all  attempts  were  unsuc- 
cessful. I  then  made  an  aqueous  extract  of  the  cheese,  filtered  this,  and  drinking  some 
of  it,  found  that  it  also  was  poisonous.  But  after  evaporating  the  aqueous  extract 
to  dryness  on  the  water-bath  at  100°  the  residue  thus  obtained  was  not  poisonous. 
From  this  I  ascertained  that  the  poison  was  decomposed  or  volatilized  at  or  below  the 
boiling  point  of  water.  I  then  tried  distillation  at  a  low  temperature,  but  by  this  the 
poison  seemed  to  be  decomposed.  Finally,  I  made  the  clear,  filtered  aqueous  extract, 
which  was  highly  acid,  alkaline  with  sodium  hydrate,  agitated  this  with  ether,  removed 
the  ether  and  allowed  it  to  evaporate  spontaneously.  The  residue  was  highly  poison- 
ous. By  re-solution  in  water  and  extraction  with  ether,  the  poison  was  separated  from 
foreign  substances.  As  the  ether  took  up  some  water,  this  residue  consisted  of  an 
aqueous  solution  of  the  poison.  After  this  was  allowed  to  stand  for  some  hours  in  vacuo 
over  sulphuric  acid,  the  poison  separated  in  needle-shaped  crystals.  From  some  sam- 
ples, the  poison  crystallized  from  the  first  evaporation  of  the  ether  and  without  stand- 
ing in  vacuo.  This  happened  only  when  the  cheese  contained  a  comparatively  large 
amount  of  the  poison.  Ordinarily,  the  microscope  was  necessary  to  detect  the  crystal- 
line shape.  From  16  kilogji'ams  of  one  cheese  I  obtained  about  0.5  gram  of  the  poison, 
and  in  this  case  the  individual  crystals  were  plainly  visible  to  the  unaided  eye.  From 
the  same  amount  of  another  cheese  I  obtained  only  about  0.1  gram,  and  the  crystals 
in  this  case  were  not  so  large.  I  have  no  idea,  however,  that  by  the  method  used  all 
the  poison  was  separated  from  the  cheese." 

To  this  substance  the  name  tyrotoxicon  (cheese  poison),  which  had 
formerly  been  used  to  designate  the  undiscovered  active  agent  in  poison- 
ous cheese,  was  given.  In  1887  Wallace  found  tyrotoxicon  in  two  sam- 
ples of  cheese  which  had  caused  serious  illness.  The  first  of  these  came 
from  Jeanesville,  Pa.,  and  the  symptoms  as  reported  to  Wallace  by  Doo- 
little,  who  had  charge  of  the  cases,  were  as  follows:  Some  50  persons 
were  affected  and  in  the  majority  of  these  the  symptoms  appeared  within 
from  two  to  four  hours,  and  consisted  of  vertigo,  vomiting,  and  severe 
rigors,  varying  in  their  order  of  appearance  and  severity.  Chills  and 
vomiting  were  the  most  constant  and  marked  symptoms,  and  were  soon 
followed  by  pain  in  the  epigastric  region,  cramps  in  the  feet  and  lower 
limbs,  purging  and  griping  pain  in  the  bowels,  a  sensation  of  numbness, 
especially  in  the  limbs,  and  marked  prostration,  in  some  amounting  al- 
most to  collapse.  The  vomit  at  first  consisted  of  the  contents  of  the  stom- 
ach and  had  a  strong  cheesy  odor;  afterward,  it  contained  mucus,  bile, 
and  in  the  more  severe  cases,  blood.  The  diarrheal  discharges,  at  first 
fecal,  later  became  watery  and  light  colored.  No  deaths  resulted,  and 
for  the  most  part  the  effects  were  transient,  and  all  that  remained  on  the 
following  day  were  the  prostration  and  numbness,  which  disappeared  in 
from  one  to  three  days.     Children  apparent^  suffered  less  than  adults. 
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All  remarked  on  the  sucldeimess  of  the  attack,  feeling  perfectly  well  until 
nausea  and  vertigo  set  in. 

Wolff  detected  tyrotoxicon  in  cheese  which  poisoned  several  persons 
at  Shamokin,  Pa.  The  pores  of  this  cheese  were  found  filled  with  a 
grayish-green  fungoid  growth,  though  it  is  not  supposed  that  this  was 
connected  in  any  way  with  the  poisonous  nature  of  the  food.  Tests  were 
made  for  mineral  and  vegetable  poisons  with  negative  results,  after  which 
tyrotoxicon  was  recognized  both  by  chemical  and  physiologic  tests. 

Dokkum  obtained  from  poisonous  cheese,  by  a  modification  of  the 
method  already  given  for  the  separation  of  tyrotoxicon,  a  basic  substance, 
which  when  injected  into  frogs  in  doses  of  5  mg.  caused  paralysis,  and 
death  within  30  minutes.  This  investigator  concluded  that  the  base  thus 
obtained  by  himself  is  not  a  tyrotoxicon  but  a  curare-like  poison,  for 
which  he  suggested  the  name  tyrotoxin. 

Tyrotoxicon  has  been  found  in  milk  in  numerous  instances,  having 
first  been  detected  in  this  fluid  in  1885,  soon  after  its  discovery  in  cheese. 
In  1886  Newton  and  Wallace  detected  this  poison  in  milk  which  seriously 
affected  a  large  number  of  persons  at  Long  Branch,  N.  J.  The  poisonous 
milk  came  solel}'  from  one  dairyman  and  investigation  showed  the  follow- 
ing condition  of  affairs :  The  cows  were  milked  at  the  unusual  hours  of 
midnight  and  noon,  and  the  noon's  milk — ^that  Avhich  alone  was  followed 
by  illness — was  placed  while  warm  in  the  cans,  and  then,  without  any 
attempt  at  cooling,  carted  eight  miles  during  the  warmest  part  of  the 
day  in  a  very  hot  month.  During  this  time  the  unknown  germ  which 
elaborates  tyrotoxicon  undoubtedly  grew  abundantly  in  the  milk  and  its 
toxin  was  easily  detected  both  by  chemical  and  physiologic  tests.  In 
the  same  year  Schearer  found  tyrotoxicon  in  milk  used  by,  and  in  tlie 
vomited  matter  of,  persons  made  sick  at  a  hotel  at  Corning,  la.  In  1887 
Firth,  an  English  army  surgeon,  stationed  in  India,  reported  an  outbreak 
of  milk  poisoning  among  the  soldiers  of  his  garrison.  From  the  milk, 
he  separated,  by  the  method  alreadj^  given,  tyrotoxicon  and  demonstrated 
its  action  upon  the  lower  animals.  In  the  same  year  Vaughan  reported 
the  Milan  cases  of  milk  poisoning,  three  of  which  terminated  fatally.  His 
report  of  his  observation  of  the  symptoms  is  as  follows:  I  first  saw  these 
patients,  Sunday,  September  25;  on  a  sofa  in  the  room  we  found  the 
daughter,  who  had  been  vomiting  during  the  day  and  seemed  much  ex- 
hausted. She  was  not  inclined  to  talk,  and  seemed  to  be  in  a  stupor, 
though  when  spoken  to  she  responded  rationally.  Her  pupils  were 
slightly  dilated,  her  tongue  coated,  her  pulse  120  and  weak;  her  face 
pale ;  and  a  violent  throbbing  could  be  felt  over  the  abdomen,  which  was 
retracted.  Her  temperature  was  96°.  In  another  room  were  the  father, 
mother,  and  son,  two  of  them  dying.  The  father  was  rational  and  talked 
with  some  freedom,  when  asked  concerning  the  kind  of  food  they  had 
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been  eating.  His  pupils  were  normal,  his  face  could  not  be  said  to  pre- 
sent any  peculiar  feature,  his  pulse  was  rapid,  breathing  somewhat  rapid, 
and  the  throbbing  in  the  abdominal  area  was  plainly  felt.  The  abdomen 
was  retracted  and  there  was  no  pain  on  pressure.  He  complained  of  a 
burning  constriction  of  the  throat,  swallowed  with  difficulty,  and  said 
that  his  throat  and  stomach  felt  as  though  they  were  on  fire.  The  mother 
lay  with  eyelids  closed  as  if  in  a  deep  sleep.  Her  pulse  was  rapid,  her 
face  had  a  livid  flush,  her  breathing  was  about  35  per  minute,  and  labored. 
The  skin  was  cool,  but  neither  abnormally  moist  nor  especially  dry  and 
harsh.  She  could  not  be  aroused ;  in  fact,  she  was  comatose.  The  son 
rolled  uneasily  from  one  side  of  the  bed  to  the  other.  His  breathing  also 
was  labored.  His  eyelids  were  closed,  and  the  pupils  were  markedly 
dilated — did  not  respond  to  light.  He  could  not  be  aroused.  In  mother 
and  son,  as  well  as  in  father  and  daughter,  the  abdomen  was  retracted, 
and  the  throbbing  in  the  abdominal  area  was  easily  felt.  The  symptoms 
were  not  those  of  morphin,  strychnin,  digitalis,  or  aconite.  They  did 
have  some  resemblance  to  those  of  belladonna,  but  were  not  identical; 
the  pupils  were  not  so  widely  dilated  as  they  are  in  belladonna  poisoning ; 
there  was  in  none  of  these  persons  the  active  delirium  of  belladonna  poi- 
soning; there  was  no  picking  at  the  clothing;  no  grasping  of  imaginary 
objects  in  the  air;  no  hallucinations  of  vision. 

An  autopsy  on  one  of  the  fatal  cases  showed  as  the  most  marked 
abnormality,  tightly  constricted  areas  of  the  large  intestine  such  as  is 
sometimes  seen  in  lead  poisoning,  and  which  had  been  quite  generally 
observed  in  the  lower  animals  experimentally  killed  by  the  administra- 
tion of  tyrotoxicon.  Novy  tested  a  cold-water  extract  of  the  finely 
divided  intestines  for  poisons.  The  fluid,  which  was  acid  in  reaction,  was 
filtered,  then  neutralized  with  sodium  carbonate  and  shaken  with  ether. 
The  ether,  after  separation,  was  removed  and  alloAved  to  evaporate 
spontaneously.  The  residue  was  dissolved  in  water  and  extracted  again 
with  ether.  This  ether  residue  gave  the  chemical  reaction  for  tyrotoxicon 
and  a  portion  of  it  was  administered  to  a  kitten  about  two  months  old. 
Within  one-half  hour  the  kitten  began  to  retch  and  soon  it  vomited, 
and  within  the  next  three  hours  it  vomited  five  times.  There  was  no 
purging,  but  the  retching  and  heavy  breathing,  with  evidences  of  prostra- 
tion, continued  more  or  less  marked  for  two  days,  after  which  the  animal 
slowly  recovered. 

Samples  of  fresh  milk  were  inoculated  with  some  of  the  vomited  mat- 
ter, with  the  contents  of  the  stomach,  with  an  aqueous  extract  of  the 
intestine,  and  with  a  small  portion  of  the  soil  which  had  been  taken  from 
the  floor  of  the  buttery.  Tyrotoxicon  was  obtained  from  all  of  these  after 
they  had  been  kept  at  from  25°  to  30°  for  24  hours. 

In  1899  there  was  an  outbreak  of  cheese  poisoning  at  Aldershot,  Eng- 
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land,  in  which  27  individuals  were  involved,  and  three  deaths  resulted. 
The  chief  sj^mptoms  were  vomiting,  feeble  pulse,  cramping  in  the  legs, 
followed  by  jaundice,  and  accompanied  by  a  temperature  which  varied 
from  100°  to  103°.  Of  20  sheep  fed  upon  the  camp  refuse,  including 
potato  peelings,  onions,  pieces  of  cheese,  etc.,  eight  sickened  and  two  died 
within  from  two  to  three  days.  After  burial  three  of  these  sheep  were 
exhumed.  From  a  piece  of  cheese  obtained  in  the  stomach  of  one  of  these 
animals.  Luff  found  tyrotoxicon  in  fairly  large  quantity  and  one  milli- 
gram of  this  injected  into  a  rat  killed  it  in  three  hours.  In  an  outbreak 
in  London,  one  analyst,  examining  the  cheese,  reported  that  he  obtained  a 
small  amount  of  a  body  possessing  the  chief  characteristics  of  tyrotoxicon, 
but  this  he  obtained  from  only  two  out  of  four  samples  and  then  in  small 
quantity  only.  Two  other  chemists,  examining  samples  of  this  cheese,  failed 
to  find  this  poison.  In  1898  Wesener  and  Rossmann  isolated  tyrotoxicon 
from  poisonous  cheese  in  crystalline  form.  LePierre  obtained  a  basic 
body  having  the  formula,  CifiHogNoO^,  from  poisonous  cheese. 

Kinnicutt,  at  that  time  professor  of  chemistry  in  the  Polytechnic  School 
at  Worcester,  Mass.,  extracted  tyrotoxicon  from  milk  which  had  been 
kept  for  some  hours  in  unclean  vessels. 

During  the  eighties  of  the  nineteenth  century  when  cheese  poisoning 
was  so  frequent  in  Michigan  and  in  other  parts  of  the  United  States,  it  hap- 
pened frequently  that  similar  symptoms  resulted  from  the  eating  of  ice- 
cream, frozen  custard,  cream  puffs,  and  other  articles  of  food  consisting 
largely  of  milk.  At  first  the  injurious  effects  of  these  substances  were  at- 
tributed to  plants  eaten  by  the  animals  and  to  the  flavoring  and  coloring 
matters  used  in  the  preparation  of  these  foods.  Even  within  more  recent 
years,  the  claim  has  been  put  forward  that  ice-cream  poisoning  is  due  to  arti- 
ficially prepared  vanillin,  but  vanilla  extracts  used  in  the  preparation  of 
foods,  which  proved  to  be  poisonous,  have  been  swallowed  in  large  quan- 
tities by  chemists  and  have  been  administered  to  animals  without  the 
slightest  result.  It  has  also  been  claimed  that  ice-cream  often  owes  its 
poisonous  properties  to  small  quantities  of  zinc  or  tin  dissolved  during 
the  process  of  freezing.  This  statement  is  absurd  when  we  find,  as  we 
frequently  did,  that  a  sample  of  ice-cream  will  act  more  powerfully  as  an 
emetic  than  will  sulphate  of  zinc,  grain  for  grain.  It  is  within  the  range 
of  possibility  that  poisonous  extracts  may  be  used  in  flavoring  milk  prep- 
arations and  it  is  a  well-known  fact  that  chromate  of  lead  has  been  found 
in  cream  puffs.  But  it  is  certainly  true  that  neither  flavoring  agent  nor 
metals  is  accountable  for  the  injurious  effects  observed  to  follow  the 
eating  of  poisonous  ice-cream  and  similar  milk  products.  Moreover,  ice- 
cream flavored  with  chocolate  and  that  flavored  with  lemon  also  have 
been  found  to  be  poisonous,  and  vanilla  ice-cream  was  at  that  time  more 
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frequently  poisonous  for  the  very  good  reason  that  this  flavoring  was 
used  more  largely  than  all  others  combined. 

Vaughan  and  Novy  found  tyrotoxicon  in  numerous  samples  of  poison- 
ous ice-cream  and  custard.  Schearer  reported  the  same  poison  in  both 
vanilla  and  lemon  ice-cream  which  made  many  sick  at  Nugent,  la.  Alla- 
ben  observed  numerous  cases  poisoned  with  lemon  ice-cream,  and  Wel- 
ford  obtained  tyrotoxicon  from  custard  flavored  with  lemon.  AVhile 
tyrotoxicon  was  found  in  milk,  cheese  and  other  milk  products,  frequently 
during  the  eighties  in  this  country,  more  rarely  in  England,  and  at  least 
once  in  India,  since  1890,  it  has  not  so  far  as  we  know,  been  found  in  this 
country  in  any  form  of  food  poisoning.  Vaughan  was  the  first  to  recognize 
this  fact.  In  1890,  in  numerous  samples  of  poisonous  cheese,  he  failed  to 
find  any  evidence  of  tyrotoxicon.  From  some  of  these  cheeses  he  obtained 
an  albumose,  40  drops  of  an  aqueous  solution  of  which  when  injected  under 
the  skin  of  the  backs  of  cats  produced  vomiting  and  purging,  followed  by 
marked  prostration  and  terminating  in  some  instances  in  death.  In  1895 
Vaughan  and  Perkins  obtained  from  a  piece  of  cheese  which  had  proved 
fatal  to  one  man,  two  bacilli,  one  of  which  elaborated  an  active  poison ;  both 
filtered  and  heated  cultures  killed  animals  promptly.  On  account  of  a 
mistaken  label,  10  drops  of  a  filtered  culture  from  one  of  these  organisms 
was  injected  subcutaneously  into  a  man.  Vomiting,  purging,  and  col- 
lapse, ending,  however,  in  recovery,  followed.  Vaughan  and  McClymonds 
examined  65  samples  of  cheese  from  as  many  different  manufacturers. 
Of  these,  49  were  what  is  ordinarily  known  as  American  green  cheese. 
They  were  made  in  ]Michigan,  Wisconsin,  Illinois,  New  York,  and  Canada. 
Eight  of  the  49  samples  were  sent  to  the  laboratory  because  persons 
eating  them  had  suffered  from  nausea,  vomiting,  and  purging;  the  other 
samples  were  not  known  to  have  had  any  deleterious  effects.  Every  one 
of  the  49  samples  of  American  green  cheese  furnished  cultures  which 
Ivilled  white  rats,  guinea  pigs,  and  rabbits.  The  toxicogenic  bacterium 
in  all  these  samples  was  found  to  belong  to  the  colon  group  and  whether 
or  not  a  given  sample  of  green  cheese  unpleasantly  affects  the  consumer 
Avill  depend  upon  the  amount  and  virulence  of  the  germ  present  in  the 
cheese. 

It  may  be  said  that  in  the  eighties  of  the  last  century  when  poisoning 
with  milk  and  its  products  was  so  common,  there  was  no  adequate  sani- 
tary supervision  of  milk  or  milk  supplies  in  this  country.  The  farmers 
for  miles  roundabout  cheese  factories  carted  their  dirty  milk  to  the  fac- 
tory where  it  Avas  all  dumped  into  the  vats.  The  bacterial  flora  of  every 
barnyard  in  the  district  contributed  its  widely  varied  products  to  the 
cheese  manufacturer.  There  was  no  such  thing  as  dairy  inspection. 
There  was  no  attention  given  to  the  cleanliness  of  the  udders  of  the  cows 
or  the  hands  of  the  milkers.     There  was  no  attention  paid  to  the  possi- 
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bility  of  infection  which  might  result  from  the  use  of  dirty  pails.  No 
doubt  polluted  water  was  in  some  instances  added  as  a  diluent  to  the 
milk.  No  one  dreamed  of  chilling  the  milk  after  it  was  drawn  and  it 
stood  for  hours  in  the  farmer's  barnyard  and  rested  for  other  periods  of 
time  in  his  cart  as  he  drove  to  the  cheese  factory,  at  a  temperature  most 
favorable  for  the  growth  and  multiplication  of  the  innumerable  and 
variegated  bacteria  which  it  might  contain.  In  part  as  a  result  of  these 
researches,  dairies  were  submitted  to  inspection.  The  health  conditions 
of  cows  were  investigated.  A  certain  standard  for  stabling  was  de- 
manded. The  udders  were  cleaned  before  milking.  The  milkmaid  or 
boy  was  advised  to  wash  her  or  his  hands  before  operating.  Provision 
was  made  for  lowering  the  temperature  of  the  milk  soon  after  it  was 
drawn.  Ice  tanks  were  provided  for  its  transportation  and  finally  came 
sterilization  and  pasteurization.  During  the  eighties  and  early  nineties 
of  the  last  century  one  or  more  bacteriologists  and  chemists  were  kept 
busy  in  the  Hygienic  Laboratory  of  the  University  of  Michigan  examining 
cheese  and  other  milk  products.  During  the  nineties  the  number  of  sam- 
ples sent  in  rapidly  decreased  and  in  the  past  20  years  only  one  sample 
of  poisonous  cheese  has  found  its  way  to  this  laboratory.  It  is  quite  safe 
to  state  that  in  most  instances  of  poisoning  with  milk  and  its  products 
the  poisonous  principles  are  the  products  of  the  bacteria  which  are  pres- 
ent in  the  food,  and  quite  naturally,  chemical  poisons  are  as  varied  as  are 
the  microorganisms  which  elaborate  them.  We  are  now  fairly  competent 
to  handle  milk  and  its  products  in  such  a  way  that  bacteria  will  not 
have  opportunity  to  employ  them  as  culture  media  in  which  to  grow  and 
elaborate  their  poisons.  This  is  not  the  place  to  give  facts  concerning 
milk  and  its  products  as  agents  in  the  dissemination  of  infections.  A 
discussion  of  this  subject  belongs  to  the  sections  devoted  to  the  several 
diseases  which  may  be  transmitted  through  these  foods. 

The  chemistry  of  tyrotoxicon  remains  unknown.  At  one  time  Vaughan, 
on  insufficient  evidence,  believed  it  to  belong  to  the  diazo  group.  It  is 
certain  that  the  cheese  poisoning  of  former  times  was  not  botulism.  As 
we  shall  show  in  the  next  chapter,  a  clear  distinction  between  "cheese 
poisoning"  and  ''sausage  poisoning"  was  drawn  about  one  hundred 
years  ago.  This  does  not  mean  that  botulism  is  never  due  to  cheese,  or 
that  other  foods  may  not  at  times  be  poisonous  without  bearing  B. 
botulinus. 

Mytilotoxism. — Literally  this  heading  includes  only  poisoning  with 
mussels,  but  for  convenience  we  shall  include  all  instances  of  poisoning 
with  shell  fish  of  any  kind.  Judging  from  the  symptoms  induced,  there 
are  three  kinds  of  poisonous  mussel.  In  some  instances  the  symptoms 
resemble  those  induced  by  a  gastrointestinal  irritant.  Fodere  reports 
the  case  of  a  soldier,  who,  after  eating  a  large  dish  of  mussels,  suffered 
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from  nausea,  vomiting,  pain  in  tlie  stomach,  tenesmus,  and  rapid  pulse. 
After  death,  which  occurred  within  two  days,  the  stomach  and  intestines 
were  found  inflamed  and  filled  with  tenacious  mucus.  Combe  and  others 
have  also  reported  cases  of  the  choleraic  form  of  mussel  poisoning. 

The  symptoms,  however,  most  frequent  in  man  after  the  eating  of 
poisonous  mussels  are  more  purely  nervous.  A  sensation  of  heat  and 
itching  appears,  usually  in  the  eyelids,  soon  involving  the  whole  face, 
and  perhaps  a  large  portion  of  the  body.  An  eruption,  usually  called 
nettle-rash,  though  it  may  be  papular  or  vesicular,  covers  the  parts.  The 
itching  is  most  annoying,  and  may  be  accompanied  by  marked  swelling. 
Often  there  is  asthmatic  breathing,  which  is  relieved  only  by  ether.  In 
some  cases  reported  by  Mohring,  dyspnea  preceded  the  eruption,  the 
patients  became  insensible,  the  face  livid,  and  convulsive  movements  of 
the  extremities  were  noticed.  Burrows  reports  similar  cases,  with  con- 
vulsive tremors,  coma,  and  death  within  three  days.  This  in  condensed 
form  is  a  statement  of  the  older  reports  concerning  poisoning  with  mus- 
sels, clams,  and  similar  articles  of  diet.  We  have  seen  several  cases  of 
this  variety  of  mytilotoxism  and  have  had  opportunity  not  only  to  ob- 
serve it,  but  to  a  certain  extent  to  experiment  with  those  susceptible 
to  it.  Such  cases  are  unquestionably  instances  of  food  sensitization.  It 
occurs  in  those  who  have  been  sensitized  to  this  form  of  food  and  is 
induced  among  these  individuals  on  eating  very  small  amounts  of  the 
special  food  to  which  they  have  been  sensitized.  We  have  had  oppor- 
tunity to  study  one  case  sensitized  to  clams  only.  This  individual  can 
eat  oysters,  crabs,  lobsters,  and  all  ordinary  shell  fish  with  the  exception 
of  clams,  without  any  untoward  effect,  but  the  smallest  flavor  of  a  clam 
in  a  broth  will  produce  in  a  slight  and  transient  Avay  the  symptoms 
mentioned  above,  while  larger  amounts  will  be  followed  by  most  alarm- 
ing symptoms. 

In  a  third  class  of  cases  there  may  be  observed  intoxication  resembling 
that  of  alcohol,  followed  hy  paralysis,  coma,  and  death.  In  1827  Combe 
observed  30  persons  poisoned,  two  of  them  fatally,  with  mussels.  The 
symptoms  were  as  follows: 

"None,  so  far  as  I  know,  complained  of  anything  peculiar  in  the  smell  or  taste  of 
the  animals  and  none  suifered  immediately  after  taking  them.  In  general,  an  hour  or 
two  elapsed,  sometimes  more ;  and  the  bad  effects  consisted  rather  in  uneasy  feelings 
and  in  debility  than  in  any  distress  referable  to  the  stomach.  Some  children  suffered 
from  eating  only  two  or  three ;  and  it  will  be  remembered  that  Robertson,,  a  young 
and  healthy  man,  only  took  five  or  six.  In  two  or  three  hours  they  complained  of  a 
slight  tension  of  the  stomach.  One  or  two  had  cardialgia,  nausea,  and  vomiting;  but 
these  were  not  general  or  lasting  symptoms.  They  then  complained  of  a  prickly  feeling' 
in  their  hands,  feet,  and  constriction  of  the  mouth  and  throat,  difficulty  of  swallowing, 
and  speaking  freely,  numbness  about  the  mouth,  gradually  extending  to  the  arms,  with 
great  debility  of  the  limbs.  The  degree  of  muscular  debility  varied  a  good  deal,  but 
was  an  invariable  symptom.     In  some  it  merely  prevented  them  from  walking  firmly. 
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but  in  the  most  of  them  it  amounted  to  perfect  inability  to  stand.  While  in  bed  they 
could  move  their  limbs  with  tolerable  freedom,  but  on  being  raised  to  the  perpendicular 
posture  they  felt  their  limbs  sink  under  them.  Some  complained  of  a  bad,  coppery 
taste  in  their  mouths,  but  in  general  this  was  in  answer  to  what  lawyers  call  a  'lead- 
ing question.'  There  was  slight  pain  in  the  abdomen  which  increased  on  pressure,  par- 
ticularly in  the  region  of  the  bladder,  which  organ  suffered  variously  in  its  functions. 
In  some  the  secretion  of  urine  was  suspended,  in  others  it  was  free,  but  passed  with 
pain  and  great  effort.  The  action  of  the  heart  was  feeble;  the  breathing,  unaffected; 
the  face  pale,  expressive  of  much  anxiety;  the  surface,  rather  cold;  the  mental  facul- 
ties unimpaired.  Unluckily,  the  two  fatal  cases  were  not  seen  by  any  medical  person, 
and  we  are,  therefore,  unable  to  state  minutely  the  train  of  symptoms.  We  ascer- 
tained that  the  woman,  in  whose  house  were  five  sufferers,  went  away  as  in  a  gentle 
sleep,  and  that  a  few  minutes  before  death  she  had  spoken  and  swallowed. ' ' 

The  woman  mentioned  by  Combe  died  within  three  hours  and  the 
other  death  was  that  of  a  watchman,  who  was  found  dead  in  his  box, 
six  or  seven  hours  after  he  had  eaten  of  the  mussels.  Postmortem  exami- 
nation of  these  showed  no  abnormality;  the  stomach  contained  some  of 
the  food  partially  digested.  The  explorer,  Vancouver,  reports  four  cases 
similar  to  those  observed  by  Combe.  One  of  the  sailors  died  in  five 
and  one-half  hours  after  eating  the  mussels. 

Schmidtmann  reported  cases  observed  by  himself  in  workmen  and 
members  of  their  families  who  had  partaken  of  mussels  taken  near  a 
newly  constructed  dock,  the  symptoms  appearing  according  to  the  amount 
eaten,  from  soon  after  eating  to  several  hours  later.  There  was  a  sensation 
of  constriction  in  the  mouth,  throat,  and  lips.  The  teeth  were  set  on  edge 
as  though  sour  apples  had  been  eaten.  There  was  no  headache;  a  sensa- 
tion of  flying,  and  an  intoxication  similar  to  that  produced  by  alcohol. 
The  pulse  was  hard  and  rapid ;  no  elevation  of  temperature ;  the  pupils 
were  dilated  and  reactionless.  Speech  was  difficult,  broken,  and  jerky. 
The  limbs  felt  heavy ;  the  patients  grasped  spasmodically  at  objects  and 
missed  their  aim.  The  legs  were  no  longer  able  to  support  the  body. 
The  knees  knocked  together.  There  was  nausea,  vomiting,  no  abdominal 
pain,  no  diarrhea.  The  hands  began  to  feel  cold.  The  sensation  of  cold 
soon  extended  over  the  entire  body,  and  in  some  the  perspiration  flowed 
freely.  There  was  a  feeling  of  suffocation,  often  a  restful  and  dreamless 
sleep.  One  person  died  in  one  and  three-quarters  hours,  another  in  three 
and  one-half  hours,  and  a  third  in  five  hours,  after  eating  of  the  mussels. 
In  one  of  these  fatal  cases,  rigor  mortis  was  marked  and  remained  for 
24  hours.  The  vessels  of  all  the  organs  were  distended,  only  the  heart 
was  empty.  There  was  marked  hyperemia  and  swelling  of  the  mucous 
membrane  of  the  stomach  and  intestines,  the  spleen  was  enormously  en- 
larged, and  the  liver  showed  numerous  hemorrhagic  infarctions. 

Many  theories  have  been  advanced  to  account  for  poisonous  mussels. 
It  was  formerly  believed  that  the  effects  were  due  to  the  copper  which 
the  animals  obtained  from  the  bottoms  of  vessels,  but,  as  Christison  re- 
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marks,  copper  does  not  produce  these  symptoms.  Moreover,  Christison 
made  analyses  of  the  mussels  which  produced  the  symptoms  observed 
by  Combe,  and  was  unable  to  detect  any  copper.  Bouchardat  found 
copper  in  some  poisonous  mussels,  but  he  does  not  state  the  amount  of 
metal  or  the  source  of  the  animals.  Edwards  advanced  the  theory  that 
tlie  symptoms  were  wholly  due  to  idiosyncrasy  of  the  consvimer.  This 
certainly  is  not  a  tenable  hypothesis  in  such  instances  as  those  reported 
by  Combe  and  Schmidtmann,  where  a  large  number  of  those  who  partook 
of  the  food  were  affected.  Coldstream  stated  that  the  livers  of  poisonous 
mussels  are  larger,  darker,  and  more  brittle  than  the  normal,  and  these 
changes  he  believes  are  due  to  a  diseased  condition  of  the  animals.  Many 
have  supposed  that  the  poisonous  effects  were  due  to  a  peculiar  species 
of  medusa  upon  which  the  mussels  fed,  and  De  Baume  found  in  the 
vomited  matter  of  one  person  some  medusae.  He  states  that  these  are 
most  abundant  during  the  summer  when  the  mussels  are  most  frequently 
found  to  be  poisonous.  The  theory  of  Burrows  that  mussels  are  always 
poisonous  during  the  period  of  reproduction,  at  one  time  received  con- 
siderable credit.  However,  cases  of  poisoning  have  occurred  at  different 
seasons  of  the  year.  In  1872  Crumpe  suggested  that  there  is  a  species  of 
mussel  which  is  in  and  of  itself  poisonous,  and  this  species  is  often  mixed 
with  the  edible  variety.  It  has  been  stated  that  the  poisonous  species 
lias  a  brighter  shell,  a  sweet,  more  penetrating,  bouillon-like  odor,  than 
the  nonpoisonous ;  also  that  the  flesh  of  the  former  is  yellow  and  that 
the  water  in  which  they  are  cooked  is  bluish.  This  theory,  however,  is 
opposed  by  the  majority  of  zoologists.  Mobius  states  that  the  peculiari- 
ties of  the  supposedly  poisonous  variety  pointed  out  by  Virchow  and 
Schmidtmann  are  really  due  to  the  conditions  under  which  the  animals 
live,  the  amount  of  salt  in  the  water,  the  temperature  of  the  water, 
whether  it  is  moving  or  still  water,  the  nature  of  the  bottom,  etc.  He 
also  states  that  the  sexual  glands  which  form  the  greater  part  of  the 
mantle,  are  white  in  the  male  and  yellow  in  the  female.  The  theory  of 
a  poisonous  species  has  been  abandoned  since  it  has  been  shown  that 
edible  mussels  may  become  poisonous  if  left  in  filthy  water  14  days 
or  longer,  and,  on  the  other  hand,  poisonous  ones  may  become  fit  for 
food  if  kept  for  four  weeks  in  good  water. 

Cats  and  dogs  which  have  eaten  voluntarily  of  poisonous  mussels 
have  suffered  from  symptoms  similar  to  those  observed  in  man;  and 
rabbits  have  been  poisoned  by  the  administration  of  the  water  in  which 
the  food  has  been  cooked.  A  rabbit  treated  in  this  manner  by  Schmidt- 
mann died  within  one  minute.  From  these  mussels  Brieger  extracted 
the  ptomain,  mytilotoxin.  Whether  those  mussels  which  produce  other 
symptoms  also  contain  similar  poisons  remains  for  further  investigations 
to  determine. 


FOOD   POISONING  171 

In  1887,  three  cases  of  mussel  poisoning,  one  fatal,  occurred  at  Wil- 
helmshaven,  the  place  which  supplied  Brieger  with  the  mussels  from 
which  he  obtained  mytilotoxin.  Schmidtmann  found  that  nonpoisonous 
mussels  placed  in  the  water  of  this  bay  soon  became  poisonous,  and 
that  the  poisonous  mussels  from  the  bay  placed  in  the  open  sea  soon 
lose  their  poisonous  properties.  Linder  has  found  in  the  water  of  this 
bay  and  in  the  mussels  living  in  it  a  great  variety  of  protozoa,  amoebae,  bac- 
teria, and  other  organisms  which  are  not  found  in  the  water  of  the  open 
sea,  nor  in  the  nonpoisonous  mussels.  He  also  ascertained  that  if  the 
water  of  the  bay  be  filtered,  nonpoisonous  mussels  placed  in  it  do  not 
become  poisonous,  and  he  concludes  that  poisonous  mussels  are  those 
which  are  suffering  from  disease  due  to  residence  in  filthy  water. 
Cameron  makes  a  somewhat  similar  statement  about  the  poisonous  mus- 
sels near  Dublin,  taken  from  water  contaminated  with  sewage.  He 
found  that  the  livers  of  these  animals  were  much  enlarged  and  from 
them  he  obtained  a  base  that  is  probably  identical  with  mytilotoxin. 
That  oysters  taken  from  beds  near  the  outlets  of  sewers  may  be  con- 
taminated with  the  specific  germ  of  typhoid  fever  has  been  well  demon- 
strated within  the  past  few  years,  and  that  they  may  become  poisonous 
in  the  same  way  that  mussels  acquire  harmful  properties  is  also  Avell 
known.  Pasquier  reported  cases  of  poisoning  at  Havre  from  the  eating 
of  oysters  taken  from  an  artificial  bed  near  the  outlet  of  a  drain  from 
a  public  water-closet.  Christison  says  that  an  unusual  prevalence  of 
colic,  diarrhea,  and  cholera  at  Dunkirk  was  believed  to  have  been  traced 
to  an  importation  of  oysters  from  the  Normandy  Coast.  There  should 
be  police  regulation  against  the  sale  of  all  kinds  of  mollusks  and  all 
kinds  of  fish  as  M'ell,  taken  from  filthy  water.  Special  attention  should 
be  given  to  localities  that  have  once  supplied  poisonous  food  of  this 
kind.  Many  popular  rules  have  been  formulated  for  the  easy  recogni- 
tion of  poisonous  mussels,  and  to  some  of  these  credence  has  been  given 
by  medical  authors.  An  unusually  large  mussel  is  regarded  with  sus- 
picion, and  Lohmeyer  gives  measurements  that  may  guide  the  individ- 
ual in  search  of  this  article  of  food.  Stress  is  placed  on  color  by  some, 
and  one  is  advised  to  avoid  the  dark  brown-blue  and  purchase  the 
dark-blue  or  dark  green-blue.  We  may  expect  to  see  the  prudent, 
hungry  man  draw  from  his  pocket  a  scale  of  colors  and  carefully  com- 
pare it  with  the  shell  of  the  .juicy  bivalve  before  he  consigns  it  to  his 
digestive  organs,  if  he  is  to  observe  the  rules  laid  down  in  some  recent 
medical  works.  Then  he  will  take  the  dimensions  of  the  whole,  measure 
the  thickness  of  its  shell,  then  its  strength,  for  we  are  informed  that  the 
poisonous  clam  has  a  thin,  brittle  shell.  Seriously,  one  is  to  avoid  shell 
fish  from  impure  water  and  he  may  properly  insist  that  they  be  washed 
in  clean  water,  and  certainly  one  should  avoid  eating  this  kind  of  food 
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when  it  had  stood  for  a  few  hours  at  summer  heat  in  the  form  of  broth. 
A  few  years  ago  the  U.  S.  Public  Health  Service  made  a  study  of  the 
oyster  beds  in  the  Lower  Potomac  River  and  they  found  the  oyster 
fishermen  by  the  hundreds  passing  most  of  their  time  in  dredging  for 
oysters  in  shallow  water  and  at  the  same  time  depositing  their  excreta 
into  the  water  from  which  they  took  these  bivalves.  Under  such  con- 
ditions it  was  unnecessary  to  go  back  up  the  river  many  miles  to  study 
the  effect  of  the  sewage  of  Washington  on  the  oyster  beds  in  the  Lower 
Potomac  and  in  Chesapeake  Bay. 

Kreotoxism. — It  has  long  been  known  that  the  flesh  of  animals  dead 
from  certain  diseases  or  slaughtered  while  suffering  from  these  diseases 
is  not  safe  food  for  man.  The  Mosaic  law  forbade  the  eating  of  the 
flesh  of  animals  dead  from  disease. 

"Ye  shall  not  eat  of  anything  that  dieth  of  itself:  thou  shalt  give  it  unto  the 
stranger  that  is  in  thy  gates,  that  he  may  eat  it;  or  thou  mayest  sell  it  unto  an  alien: 
for  thou  art  an  holy  people  unto  the  Lord  thy  God.  Thou  shalt  not  seethe  a  kid  in  his 
mother's  milk."      (Deut.  14:21). 

The  first  part  of  this  command  is  certainly  wise  counsel,  but  the  feed- 
ing of  a  visitor  with  such  food  would  not  now  be  regarded  as  in  accord 
with  the  rules  of  hospitable  entertainment,  and  the  sale  of  it  even  to 
an  alien  should  not  be  permitted  by  the  law  of  any  country.  The  most 
common  diseases  that  may  be  transmitted  from  the  lower  animals  to 
man  by  the  consumption  of  the  flesh  or  milk  of  the  former  as  food  by 
the  latter,  are  tuberculosis,  anthrax,  symptomatic  anthrax,  paratyphoid 
fever,  puerperal  fever,  pleuropneumonia,  glanders,  various  septicemias, 
trichinosis,  mucous  diarrhea,  and  actinomycosis.  We  are,  however,  not 
just  now  discussing  the  transmission  of  infectious  diseases  from  the  lower 
animals  to  man,  but  are  devoting  our  attention  to  the  untoward  effects 
Avhich  arise  from  the  eating  of  poisonous  flesh,  whether  the  animal  which 
furnished  it  was  at  the  time  of  slaughter  specifically  infected  or  not. 

In  meat  which  had  poisoned  a  large  number  of  persons,  Gaertner  found 
his  Bacillus  enteritidis.  The  meat  was  from  a  cow  that  had  a  severe 
diarrhea  for  two  days  before  she  was  killed.  Of  the  twelve  persons  who 
ate  of  the  flesh  raw,  all  became  sick ;  while  of  those  who  ate  of  the 
cooked  food,  a  large  percentage  were  also  affected.  In  the  meat,  and  in 
the  spleen  of  a  person  who  died,  Gaertner  found  a  bacillus  which  proved 
fatal  to  animals.  Good  beef,  inoculated  with  this  bacterium  and  kept 
for  some  hours,  killed  rabbits,  guinea  pigs  and  mice.  The  skin  of  the 
people  who  were  poisoned  and  recovered  peeled  off.  The  period  of  in- 
cubation varied  from  two  to  thirty  hours.  Even  the  boiled  bouillon 
cultures  of  this  bacillus  are  highly  poisonous,  showing  that  the  poisonous 
properties  are  not  destroyed  by  cooking  the  meat.  Fischer  reports  the 
following :    A  cow,  that  had  recently  calved,  had  been  sick  for  some  eight 


FOOD   POISONING  l73 

days,  and  on  account  of  this  illness  she  Avas  killed.  The  animal  Avas 
slaughtered  on  Friday  and  on  the  following  Sunday  at  noon  19  persons 
ate  of  the  meat.  The  prominent  symptoms  were  vomiting  and  violent 
purging,  appearing  a  few  hours  after  the  meal.  Vertigo,  loss  of  con- 
sciousness, and  exfoliation  of  the  epidermis  during  recovery,  all  of  which 
were  observed  by  Gaertner  in  some  of  his  cases,  were  not  present  in 
any  case  reported  by  Fischer.  Notwithstanding  these  differences,  a 
study  of  the  bacillus  led  to  the  conclusion  that  it  is  identical  with  the 
Bacillus  enteritidis.  By  concentrating  a  filtered  culture  and  precipitating 
the  filtrate  with  absolute  alcohol  the  crude  poison  was  obtained.  It  gave 
the  general  reactions  for  peptons,  and  boiling  for  an  hour  and  a  half 
did  not  perceptibly  weaken  its  poisonous  properties.  Lubarsch  reported 
the  death  of  a  child  two  days  old  from  septic  pneumonia  caused  by  the 
Bacillus  enteritidis.  Section  showed  pleuritis  and  pneumonia  of  the 
left  lower  lobe,  bilateral  purulent  bronchitis,  atalectasis  of  the  right 
lung,  parenchymatous  cloudiness  of  the  kidneys,  fatty  infiltration  and 
engorgement  of  the  liver,  slightly  enlarged  spleen,  uric  acid  infarction 
of  the  kidneys,  and  icterus  neonatorum.  All  other  pathologic  conditions 
were  supposed  to  be  consequent  upon  the  septic  pneumonia.  White  rats 
and  chickens  proved  to  be  wholly  immune,  while  guinea  pigs,  rabbits, 
and  mice  were  susceptible  to  the  bacillus  found  in  the  tissues  of  the  child. 
These  susceptible  animals  were  killed  within  from  16  to  24  hours  by  intra- 
peritoneal inoculations  and  in  from  two  to  four  days  by  subcutaneous 
injections.  In  all  cases,  section  showed  marked  congestion  of  the  in- 
testines, swelling  of  the  follicles,  and  in  some  instances  slight  erosions 
of  the  mucous  membrane.  After  intraperitoneal  inoculation,  serofibrin- 
ous or  hemorrhagic  peritonitis  developed.  After  subcutaneous  inocula- 
tion in  rabbits,  sometimes  in  guinea  pigs,  there  was  a  serofibrinous 
pleuritis,  with  compression  of  the  lungs  and  in  one  instance  a  circum- 
scribed pneumonia.  Sterilized  cultures  in  large  quantities  produced  the 
same  effect  as  the  unsterilized.  The  symptoms  and  anatomic  changes  in- 
duced by  this  bacterium  agree  with  those  observed  in  Winkel's  disease, 
in  the  rapidly  fatal  progress,  cyanosis,  icterus,  rapid  respiration,  ten- 
dency to  hemorrhage,  and  fatty  degeneration.  The  most  essential  differ- 
ence lies  in  the  fact  that  hemoglobinuria  is  a  prominent  symptom  of 
Winkel's  disease,  while  it  does  not  occur  after  inoculation  with  the  Bacil- 
lus enteritidis.  In  August,  1887,  256  soldiers  and  36  citizens  at  Middle- 
burg,  Holland,  were  taken  sick  after  eating  meat  from  a  cow  which 
had  been  killed  while  suffering  from  puerperal  fever.  The  symptoms 
were  nausea,  purging,  elevation  of  temperature,  and  prostration.  In 
some,  there  were  observed  dizziness,  sleeplessness,  and  dilation  of  the 
pupil.  After  a  few  days  these  symptoms  gradually  disappeared,  and  in 
many  an  eczematous  eruption  of  the  lips  gave   annoyance.     Pigs,   cats. 
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and  dogs  that  ate  of  the  ott'al  of  this  animal  were  also  made  sick. 
Thorough  cooking  did  not  destroy  the  poison,  and  those  who  took  soup 
and  bouillon  made  from  the  meat  were  affected  like  those  who  ate  of  the 
muscle  fiber.  In  most  of  the  cases  the  sj^mptoms  came  on  within  12  hours 
after  eating  the  meat. 

Basenau  first  found  his  Bacillus  bovis  morbificans  in  the  flesh  of  a 
cow  that  was  killed  while  suffering  from  puerperal  fever,  and  later  he 
has  detected  the  same  microorganism  in  the  meat  of  animals  killed  while 
sick  with  perforative  peritonitis,  puerperal  paralysis,  and  chronic  pyema. 
It  seems  from  the  researches  of  this  investigator  that  there  are  varieties 
of  this  bacillus,  the  poisons  of  some  of  Avhich  are  destroyed  by  heating 
to  100°,  while  those  of  others  are  not.  It  is  more  than  probable  that 
Basenau 's  bacillus  is  a  variety  or  a  strain  of  Bacillus  enteritidis  and  that 
the  poison  is  contained  within  the  bacterial  cell,  and  whether  or  not 
meat  infected  with  this  organism  will  prove  harmful  depends  upon  tlie 
number  of  bacteria  present. 

In  1894  Vaughan  and  Perkins  examined  some  dried  beef  Avhich  had 
seriously  poisoned  a  family  of  four.  There  Avas  nothing  in  the  appearance 
or  odor  of  this  beef  to  cause  any  suspicion;  in  fact,  it  seemed  to  be  of 
exceptionally  good  quality.  Anaerobic  cultures  from  the  interior  of  the 
meat  were  made  and  developed  a  bacillus,  from  two  to  three  times  as 
long  as  broad,  taking  the  ordinary  stains,  motile,  with  no  spore  forma- 
tion, not  liquefying  gelatin,  but  coagulating  milk,  growing  best  at  the 
temperature  of  the  body,  but  developing  its  poison  at  ordinary  tem- 
perature, producing  gas  abundantly,  and  pathogenic  to  white  rats,  ra]> 
bits,  and  guinea  pigs.     Sterilized  cultures  Avere  also  poisonous. 

Of  200  men  at  a  banquet  at  Sturgis,  Mich.,  in  April,  1894,  every  one 
Avho  ate  of  the  pressed  chicken  served  Avas  made  ill.  Some  who  Avere 
not  at  the  banquet,  but  who  aided  in  preparing  it,  took  small  bits  of 
the  chicken,  and  these  also  Avere  made  sick.  All  Avere  taken  Avithin  from 
tAvo  to  four  hours  after  eating  the  chicken,  Avith  nausea,  violent  griping, 
and  purging ;  mauA"  fainted  Avhile  attempting  to  rise  from  bed.  The 
chickens  Avere  killed  Tuesday  afternoon,  picked  and  left  hanging  in  the 
market  room  (not  in  a  cooling  room)  until  AVednesday  forenoon,  Avhen 
they  Avere  draAvn  and  carried  to  a  restaurant  and  here  left  in  a  Avarm 
room  until  Thursday  morning,  Avhen  they  Avere  cooked  (not  A'erj^  thor- 
oughly), pressed  and  served  at  the  banquet  that  night.  This  food  Avas 
examined  by  Vaughan  and  Perkins,  and  found  to  contain  tAvo  micro- 
organisms, a  slender  bacillus  from  four  to  fiA^e  times  as  long  as  broad, 
and  a  streptococcus.  The  bacillus  AA'^as  fatal  to  Avhite  rats,  guinea  pigs, 
and  rabbits,  when  administered  intraperitoneally,  intravenously,  and 
subcutaneously.  The  streptococcus  Avas  not  fatal  Avlien  giA'en  in  pure 
cultures,  but  mixed  criltures  of  the  tAvo  induced  death;   and  in  these 
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instances  when  administered  subciitaneoiisly,  in  addition  to  lesions  found 
after  the  employment  of  pure  cultures  of  the  bacillus,  there  Avas  exten- 
sive sloughing.  This  bacillus  is  motile,  takes  the  ordinary  stains  readily, 
and  is  decolorized  by  Gram's  method.  It  grows  very  slowly  at  ordinary 
temperature  and  rapidly  at  37.°  Of  two  cultures  of  equal  age,  one 
grown  at  ordinary  temperature  and  the  other  at  37,°  1  c.c.  of  the  former 
was  necessary  to  induce  death,  while  ^4  c.c.  of  the  latter  proved  fatal. 
The  anaerobic  cultures  were  more  active  than  the  aerobic,  ^  c.c.  of  a 
beef  tea  culture  heated  to  60°  for  thirty  minutes  proved  fatal,  while 
1  c.c.  heated  to  100°  for  15  minutes  failed  to  kill. 

In  an  outbreak  of  bromatotoxism  at  an  asylum  in  Norway,  the  patients' 
food  was  veal,  and  in  this  Hoist  found  a  small  bacillus  similar  to,  but 
not  identical  with,  that  of  Gaertner.  Lewis  found  a  ptomain  which  he 
supposed  to  be  neuridin,  in  corned  beef  that  poisoned  people  in  Ohio. 
Poels  reported  cases  of  poisoning  in  Eotterdam  from  the  eating  of  meat 
supposed  to  be  from  a  healthy  animal.  A  strain  of  the  colon  bacillus 
was  found  in  this  meat  and  it  was  shown  that  sterilized  cultures  were 
sufficiently  active  to  kill  calves.  The  same  bacillus  has  been  found  in 
other  outbreaks  of  kreotoxism  in  Holland.  Zorkendorfer  reported  the 
presence  of  anthrax  bacilli  in  some  meat  that  poisoned  many  people, 
some  fatally,  near  Teplitz  in  1894.  However,  his  identification  of  this 
organism  cannot  be  regarded  as  positive.  Di  Mattel  has  stated  that  the 
flesh  of  animals  dead  from  symptomatic  anthrax  may  retain  its  power 
of  infection  after  having  been  preserved  in  a  dried  state  for  ten  years. 
Siedler  reported  four  cases  of  poisoning  from  decomposed  goose  grease. 
The  symptoms  consisted  of  giddiness,  prostration,  and  violent  vomiting. 
Christison  reported  cases  in  which  persons  were  seriously,  some  fatally, 
affected  by  eating  various  kinds  of  meat  which  had  undergone  partial 
putrefaction.  Olliver  found  six  persons  poisoned,  four  of  them  fatally, 
by  eating  decomposed  mutton,  and  he  mentions  similar  cases  due  to  eating 
ham.  Boutigni}^,  having  failed  to  find  any  poison  in  the  meat  furnished 
at  a  festival,  and  to  which  the  serious  illness  of  many  was  attributed, 
made  a  meal  of  stuffed  turkey  furnished  by  the  same  dealer,  but  after 
a  short  time  his  countenance  became  livid,  his  pulse  small  and  feeble, 
a  cold  sweat  bathed  his  body,  and  violent  vomiting  and  purging  fol- 
lowed. Geiseler  observed  nausea,  vomiting,  purging,  and  delirium  after 
eating  bacon  which  was  imperfectly  cured.  Schroder  reported  cases  of 
poisoning  which  were  due  to  the  eating  of  the  flesh  of  an  animal  killed 
while  suffering  from  foot  and  mouth  disease.  However,  both  bacterio- 
logic  and  chemical  investigations  led  to  no  results.  Hermann  and 
Kaensche  found  in  some  meat  which  poisoned  people  at  Breslau,  a 
typhoid-like  bacillus  whose  poison  is  not  destroyed  by  boiling.  Kuborn 
found  a  piece  of  poisoned  meat  which  was  infected  with  Staphylococcus 
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pyogenes  fiaviis.     Johne  reported  cases  of  sausage  poisoning  in  which 
microorganisms  similar  to  the  Bacillus  enteriticlis  were  found. 

Some  writers  on  food  poisoning  would  make  Bacillus  enteritidis  the 
most  frequent  factor  in  the  elaboration  of  the  poisons  which  cause  un- 
toward symptoms  as  the  result  of  eating  certain  foods.  Whether  this  is 
justified  or  not  depends  upon  what  strains  of  bacilli  are  included  in 
the  enteritidis  group.  It  is  undoubtedly  true  that  most  cases  of  food 
poisoning  in  adults  are  due  to  bacteria  which  in  their  morphology  and 
cultural  characteristics  lie  between  the  colon  bacillus  and  the  typhoid 
bacillus.  In  this  group  there  are  included,  among  others,  (1)  some 
unusually  virulent  strains  of  the  colon  bacillus;  (2)  paratyphoid  bacilli, 
especially  B.  paratyphosus  B;  (3)  Bacillus  suipestifer;  (4)  Bacillus  en- 
teritidis. Of  each  of  these  there  are  many  strains  differing  one  from 
the  other  in  some  respect,  as,  for  instance,  in  greater  motility,  in  variable 
effects  on  the  fermentative  sugars,  and  in  virulence.  It  will  depend 
largely  upon  the  bacteriologist  who  is  examining  the  harmful  food  as  to 
where  in  this  broad  group  he  will  locate  the  organism  which  he  finds. 
All  these  strains  have  been  found  at  one  time  or  another  in  diseased  men 
or  animals  apart  from  any  consideration  of  food  poisoning.  While  mem- 
bers of  this  extensive  group  are  not  constantly  present  in  the  excreta 
of  perfectly  healthy  men  and  animals,  there  are  among  the  healthy  many 
carriers,  and  it  is  therefore  not  essential  in  order  that  the  food  may  be 
poisonous  that  it  come  from  a  diseased  animal  or  be  handled  by  a 
diseased  individual.  Individual  strains  of  this  group  differ  in  the  readi- 
ness with  which  they  produce  poisons  and  in  the  intensity  of  the  poison 
which  they  do  produce.  The  rapidity  of  their  growth  is  determined, 
among  other  things,  by  temperature.  As  we  have  already  stated,  it  was 
shown  by  Vauglian  and  Perkins  in  1894  that  the  organism  with  which 
they  worked  was  in  pure  culture  four  times  as  poisonous  when  grow^n 
at  37°  as  when  grown  at  ordinary  room  temperature,  or  about  24.° 
It  follows  from  this  that  food  infected  with  any  of  these  organisms  is 
more  highly  poisonous  the  higher  the  temperature,  within  limits,  at 
which  it  is  grown.  It  is,  therefore,  not  surprising  that  there  should  be 
more  instances  of  food  poisoning  in  summer  than  in  winter  and  more 
instances  when  the  food  has  been  kept  at  high  temperature  than  when  it  has 
been  kept  at  low  temperature.  From  these  facts  we  may  conclude  that  it  is 
wise  to  keep  all  food,  especially  all  animal  food,  from  the  time  of 
slaughtering  to  the  time  of  its  final  preparation  for  serving,  at  relatively 
low  temperatures.  Savage,  who  has  made  a  most  valuable  study  of 
food  poisoning  in  England,  comes  to  the  conclusion  that  the  organism 
most  frequently  responsible  for  these  outbreaks  in  England  is  the 
Gaertner  bacillus.     This  certainly  is  true,  not  only  in  England,  but  so 
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far  as  we  can  judge,  in  this  country,  if  one  includes  under  tlie  name 
Gaertner  bacillus  all  the  strains  we  have  mentioned. 

We  prefer  to  designate  the  group  of  microorganisms  which  is  so  fre- 
quently responsible  for  outbreaks  of  food  poisoning  as  the  colon-typhoid 
group.  The  members  of  this  group  elaborate  more  or  less  active  poisons 
under  favorable  conditions  in  certain  foods. 

The  colon-typhoid  group,  with  the  most  nonvirulent  member  of  the 
colon  group  at  the  bottom  and  the  most  virulent  typhoid  bacillus  at  the 
top,  includes  a  large  number  of  varieties  and  strains  of  microorganisms 
with  wide  variations  in  their  cultural  and  biologic  properties.  It  is  un- 
doubtedly from  the  intermediate  members  of  this  broad  group  that 
many  instances  of  food  poisoning  owe  their  origin.  Many  of  these 
organisms  are  both  toxicogenic  and  pathogenic.  When  we  say  that  they 
are  toxicogenic  we  do  not  mean  that  they  produce  toxins  in  the  restricted 
and  specific  sense  in  which  the  word  toxin  is  now  used  by  scientific  men. 
A  toxin  is  a  soluble  extracellular  substance  which  is  destroyed  at  the 
temperature  of  boiling  M^ater  and  which  when  injected  repeatedly,  in 
nonfatal  doses,  into  proper  animals  leads  to  the  elaboration  by  the  cells 
of  that  animal  of  an  antitoxin.  We  will  not  say  that  no  member  of 
this  group  produces  a  toxin  in  this  sense,  but  we  do  say  that  the  produc- 
tion of  a  toxin  in  this  sense  in  any  large  quantity  by  any  of  these  or- 
ganisms has  never  been  satisfactorily  and  unquestionably  demonstrated. 
Certain  members  of  this  group  produce  poisons,  the  exact  nature  of  no 
one  of  which  has  as  yet  been  determined.  The  chemistry  of  food  poison- 
ing is  a  complex  and  for  the  most  part,  as  yet  an  unsolved  problem.  The 
weight  of  evidence  at  present  is  that  at  least  some  of  the  poisons  pro- 
duced by  these  organisms  are  not  destroyed,  at  least  not  promptly,  at 
the  temperature  of  boiling  water  and  no  one  of  them  has  been  shown, 
so  far  as  we  know,  to  produce  in  animals  an  antitoxin.  These  poisons 
are  supposed  to  be  partially  digested  proteins,  or,  as  they  have  been 
called,  split  protein  bodies.  Whatever  may  be  their  chemical  nature 
they  must  contain  at  least  one  poisonous  group,  but  what  the  nature  of 
this  group  is  and  what  its  chemical  structure  may  be  have  not  as  yet 
been  determined. 

Some  of  these  intermediate  varieties  and  strains  in  the  colon-typhoid 
group  are  highly  infective  to  man  and  others  only  slightly  so.  It  hap- 
pens, therefore,  in  food  poisoning  that  the  effects  may  be  limited  to  an 
intoxication  which  may  be  slight  or  severe,  but  in  either  case  is  only  of 
moderate  duration;  while,  on  the  other  hand,  there  may  be  no  immediate 
signs  of  intoxication  but  the  individual  may  after  days  develop  an  in- 
fectious disease  as  a  result  of  the  food  which  he  has  eaten.  A  few  years 
ago  a  social  organization  in  Detroit  chartered  a  boat  and  started  on  a 
pleasure  trip  to  Lake  Superior  ports.    On  the  second  day  out  and  while 
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in  St.  Mary's  River,  a  duck  dinner  Avas  furnished  the  passengers.  During 
the  following  night  and  within  from  two  to  four  hours  after  eating  this 
dinner,  many  of  the  party  suffered  severely  with  gastrointestinal  symp- 
toms, nausea,  vomiting,  and  purging,  but  these  symptoms  passed  away 
within  from  24  to  48  hours,  while  certain  members  of  the  party  during  the 
next  two  weeks  developed  fever  and  B.  paratyphosus  B  was  shown  to 
be  the  infecting  agent.  Those  who  came  down  with  typhoid  fever  were 
not  limited  to  the  group  that  suffered  from  the  acute  and  immediate 
symptoms;  in  other  words,  in  food  poisoning  of  this  kind,  symptoms  of 
intoxication  may  be  the  only  evidence  of  anything  wrong  in  the  food, 
but  others  partaking  of  the  dinner  may  subsequently  suffer  from  an  in- 
fection introduced  into  the  body  with  the  food.  There  is  no  necessary 
relation  between  the  intensity  of  the  intoxication  and  the  certainty  of 
infection.  If  in  this  instance  there  had  been  no  one  or  no  group  of  the 
party  immediately  affected,  it  is  possible  that  the  party  may  have  dis- 
persed and  individuals  may  have  subsequently  developed  typhoid  fever 
without  any  suspicion  that  they  had  acquired  the  infection  from  a  com- 
mon source.  In  all  cases  of  food  poisoning  there  should  be  a  careful 
bacteriologic  examination  of  the  food  and  if  possible  of  the  excretions 
from  the  body,  and  special  attention  in  this  bacteriologic  examination 
should  be  given  to  search  for  members  of  the  colon-typhoid  group,  espe- 
cially to  the  identification  of  possible  infecting  bacteria.  We  quite  agree 
with  Savage  that  in  many  eases  of  food  poisoning  the  offending  organism 
belongs  to  the  colon-typhoid  group,  or,  as  he  prefers  to  call  it,  the 
Gaertner  group. 

There  are  numerous  instances  of  infection  with  typhoid  and  para- 
typhoid through  the  food.  One  of  the  most  interesting  of  these  is  that 
which  occurred  at  Hanford,  Calif.,  and  was  investigated  by  Sawyer.  In 
this  village  there  was  a  church  dinner,  served  twice,  at  noon  and  in  the 
evening.  About  150  individuals  participated  in  these  two  meals  and 
93  cases  of  typhoid  fever  resulted.  Of  the  150  who  ate  in  the  hall,  85 
developed  typhoid  fever.  The  other  cases  were  in  families  to  which 
portions  of  the  leavings  of  the  table  were  carried.  The  food,  which  was 
abundant  and  varied,  had  been  prepared  in  the  several  families  inter- 
ested in  the  church  and  had  been  brought  to  the  building  where  parts 
of  it  were  subjected  to  further  cooking.  Nine  women  were  especially 
concerned  in  the  preparation  of  the  food  in  their  homes  and  Sawyer 
very  wisely  directed  his  attention  to  these  cooks,  suspecting  a  typhoid 
carrier.  Two  of  the  nine  were  excluded  as  possible  sources  of  infection, 
because  their  contributions  were  not  served  until  the  evening  meal  and 
they  played  no  important  role  in  the  distribution  of  the  food  to  the 
guests.  Specimens  of  urine  and  feces  were  taken  from  the  remaining 
seven  cooks  and  sent  to  the  State  Board  of  Health  Laboratorv  for  investi- 
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gation.  In  the  meautime,  a  study  was  made  of  the  past  experiences  and 
family  histories  of  these  women.  It  was  found  that  Mrs.  X  had  been 
keeping  a  boarding-house  in  the  village  for  many  years  and  that  from 
time  to  time  during  the  past  seven  and  a  half  years  there  had  been  eases 
of  typhoid  fever  among  her  boarders,  the  origin  of  Avhich  the  local 
health  officials  could  not  ascertain.  The  laboratory  studies  showed  that 
Mrs.  X  was  an  abundant  carrier  of  the  typhoid  bacillus.  Just  how  long 
this  woman  had  been  distributing  this  bacillus  no  one  could  tell.  So  far 
as  she  knew  she  herself  had  never  had  the  disease,  but  her  daughter 
had  suffered  from  it  35  years  before  and  she  had  served  the  daughter 
as  a  nurse.  It  is  possible  that  during  all  this  time  she  had  served  as  a 
culture  flask  for  the  growth  of  the  typhoid  bacillus.  Although  not  en- 
tirely well  during  recent  years,  Mrs.  X  had  manifested  no  symptoms 
which  might  attract  attention  to  her  intestines.  She  had  no  history  of 
gall  stones  and  had  never  suffered,  at  least  markedly,  from  either  pro- 
longed constipation  or  severe  diarrhea.  Pure  cultures  were  made  from 
her  feces  and  these  were  found  to  be  agglutinated  by  the  blood  of  the 
cases  which  had  developed  from  the  church  dinner.  In  most  instances 
this  agglutination  took  place  in  high  dilutions.  There  seemed,  however, 
at  first  a  marked  improbability  that  the  infection  distributed  at  the 
dinner  could  have  been  due  to  Mrs.  X.  The  one  article  of  food  which 
she  had  prepared  was  a  large  pan  of  Spanish  -spaghetti,  and  certainly 
if  any  dish  served  at  the  meal  should  be  free  from  all  possible  infection, 
it  would  be  well-baked  spaghetti.  She  had  prepared  the  spaghetti  on 
the  day  before  the  dinner  and  it  was  brought  to  the  church  to  be  cooked 
only .  about  one-half  hour  before  the  serving  of  the  meal  began.  The 
dish  of  prepared  spaghetti  was  put  into  the-  oven  and  the  top  soon  became 
brown  and  crisp,  and  as  it  was  needed  for  the  table  the  portions  were 
taken  from  the  top.  Sawyer  prepared  a  dish  of  spaghetti,  following  in 
every  detail  the  directions  given  him  by  Mrs.  X.  He  had  inoculated  the 
ingredients  of  the  dish  with  cultures  of  typhoid  bacilli  taken  from  the 
stools  of  Mrs.  X.  This  experiment  demonstrated  that,  although  the 
temperature  of  the  oven  was  between  160°  and  170°  C,  the  temperature 
just  under  the  top  of  the  food  mass  was  only  54°  C.  and  in  the  middle 
only  23°  C.  In  another  baking,  the  oven  was  kept  at  temperatures  ranging 
between  207°  and  214°  C.  After  half  an  hour  the  pan  was  removed. 
The  surface  was  dark  brown  and  the  bits  of  projecting  spaghetti  were 
more  or  less  charred.  The  liquid  around  the  margin  was  boiling  vigor- 
ously and  the  contents  of  the  dish  were  sizzling.  The  temperature  just 
ander  the  surface  was  83°  C,  at  the  middle  it  was  28°  C.  and  near  the 
bottom,  48°  C.  Even  after  the  dish  had  been  kept  in  the  oven  for  an 
hour  the  temperature  in  the  middle  was  not  above  42.5°  C,  a  tem- 
perature by  no  means  destructive  to  the  typhoid  bacillus.     It  is  inter- 
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esting  to  note  that  those  who  ate  of  this  meal  and  Avho  afterwards 
developed  typhoid  fever  scattered  widely  during  the  period  of  incuba- 
tion. Two  of  the  93'  persons  developed  the  disease  at  San  Francisco, 
200  miles  from  Hanford,  and  other  cases  came  down  with  it  in  widely 
separated  villages  and  cities.  Had  this  outbreak  been  studied  by  one 
less  skilled  in  epidemiology,  it  is  more  than  likely  that  the  great 
majority  of  the  cases,  probably  all,  would  have  baffled  every  attempt 
to  trace  their  origin.  It  is  worthy  of  note  that  some  of  the  people  who 
participated  in  this  dinner  suffered  that  night  from  more  or  less  in- 
testinal disturbances,  although  Sawyer  is  inclined  to  the  opinion  that 
these  early  attacks  of  gastrointestinal  nature  were  not  caused  by  the 
food.  The  period  of  incijbation  in  the  majority  of  the  cases  in  this  epidemic 
proved  to  be  shorter  than  the  time  usually  regarded  as  the  minimum. 
The  first  case  developed  three  days  after  the  meal.  More  cases  showed 
their  first  definite  sj^mptoms  six  days  after  the  infected  food  was  eaten 
than  on  any  other  one  day.  One  case,  however,  showed  no  signs  of  typhoid 
fever  until  the  twenty-ninth  day.  This  is  an  illustration  of  the  fre- 
quently observed  fact  that  certain  individuals  carry  the  typhoid  bacil- 
lus, even  in  their  bodies,  and  some  in  their  blood,  for  a  long  time  before 
the  symptoms  of  the  disease  develop.  It  is  an  indication  of  that  to  which 
we  have  already  had  occasion  to  call  attention — that  in  order  to  cause 
active  disease  a  microorganism  must  be  not  only  capable  of  living  and 
multiplying  in  the  human  body,  but  there  must  be  a  reaction  between 
the  body  cells  and  the  invading  cells.  Why  this  reaction  occurs  early 
in  some,  late  in  others,  and  not  at  all  in  still  others,  is  one  of  the  most 
interesting  of  the  many  unsolved  problems  in  epidemiology. 

Paratyphoid  fever  frequently  originates  in  infected  food  and  B.  para- 
typhosus  B  is  generally  the  infecting  agent.  In  these  cases  acute  symp- 
toms of  gastrointestinal  character  manifest  themselves  in  a  much  larger 
number  of  those  infected  and  in  a  much  more  severe  way  than  when 
infection  is  due  to  B.  typhosus.  It  is  not  desirable  that  we  should  present 
any  large  collection  of  instances  of  this  kind  and  we  shall  content  our- 
selves with  one  illustration  only.  This  concerns  a  report  made  by  Bern- 
stein and  Fish.  This  outbreak  occurred  at  Westerly,  Conn.,  in  July, 
1915,  and  it  originated  from  pies  made  in  a  certain  restaurant.  The  pies 
were  of  varied  composition  and  comprised  cocoanut-custard,  custard,  squash, 
lemon,  chocolate,  berry,  and  apple.  Those  who  ate  of  these  articles  of 
diet  passed,  for  the  most  part,  a  relatively  short  period  of  incubation, 
or  rather  it  was  only  a  few  hours  before  symptoms  appeared.  In  some, 
symptoms  were  in  evidence  in  four  and  one-half  hours,  but  in  the 
majority  they  were  delayed  from  12  to  19.  Vomiting  was  a  constant 
symptom  and  continued  in  many  instances  for  six  days.  The  vomited 
matter  was  green.    There  was  marked  diarrhea,  associated  with  tenesmus. 
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The  stools  were  of  the  consistency  of  pea  soup,  greenish,  and  giving  off 
a  highly  disagreeable  odor.  The  number  of  evacuations  averaged  from 
ten  to  twenty  daily  and  the  temperature  rose  in  some  instances  to  103°. 
One  child  of  eight  years  was  in  an  unconscious  state  for  two  or  three 
days  and  presented  a  marked  rigidity  of  the  neck,  resembling  that  of 
cerebrospinal  meningitis.  In  one  there  was  suppression  of  urine.  This 
case  terminated  fatally.  There  was  marked  mental  depression  and  con- 
valescence was  protracted.  Three  died  ^vithin  four  days  after  the  ap- 
pearance of  the  first  symptoms  and  a  fourth  after  three  weeks  of  illness. 
The  first  fatal  case  was  that  of  a  man  aged  forty-nine  in  whom  symptoms 
of  marked  severity  came  on  seven  hours  after  eating  the  pie  and  termi- 
nated fatally  in  3'6  hours.  Thorough  chemical  studies  were  made  for 
inorganic  poisons,  with  negative  results.  Bacteriologic  cultures  were 
made  and  by  agglutination  tests  it  was  shown  that  the  infecting  organ- 
ism was  B.  typhosus  B.  The  serum  of  animals  inoculated  with  the  or- 
ganism obtained  from  the  pies  and  from  the  excretions  of  the  patients 
agglutinated  B.  typhosus  B  in  dilutions  as  high  as  1-6,000,  though  usually 
in  lower  dilutions.  This  serum  did  not  agglutinate  at  all  cultures  of 
Bacillus  enteritidis. 

There  is  another  group  which,  according  to  some  investigators,  is  at 
least  an  occasional  cause  of  food  poisoning.  We  refer  to  the  piroteus, 
the  best  known  representative  of  which  is  generally  designated  as  B. 
proteus  or  proteus  vulgaris.  Savage  has  made  an  excellent  summary  of  cases 
of  food  poisoning  attributed  to  this  group  of  organisms ;  also  of  the  experi- 
mental work  which  has  been  done  with  members  of  this  group.  We 
shall  only  briefly  refer  to  some  of  the  instances  Avhich  Savage  has  as- 
sembled. In  1914  Metchnikoff  fed  to  a  young  chimpanzee  several  tubes 
of  B.  proteus  which  he  had  isolated  from  the  stools  of  an  infant  suffering 
from  diarrhea.  This  animal  developed  a  severe  gastroenteritis  and  died 
after  four  days.  A  large  number  of  B.  proteus  was  found  in  the  alimen- 
tary tract  of  the  dead  chimpanzee.  The  same  investigator  fed  a  broth 
culture  of  B.  proteus  mixed  with  the  whites  of  egg  to  37  nursing  rab- 
bits, 22  of  which  died  after  having  suffered  with  the  symptoms  of 
cholera.  Metchnikoff  summed  up  his  conclusions,  resulting  from  this 
and  similar  experiments,  as  follows: 

"The  chief  microorganism  in  the  diarrhea  of  nurslings  is  B.  proteus.  Its  presence 
is  nearly  constant  in  our  cases  of  this  disease,  also  its  pathogenic  role  when  adminis- 
tered by  the  mouth,  either  alone  or  associated  with  other  microbes,  demonstrates  its 
preponderating  importance. ' ' 

Some  years  ago  Booker,  after  a  long  and  patient  study  of  infantile 
diarrhea,  came  to  the  conclusion  that  proteus  vulgaris  plays  an  impor- 
tant role,  although  it  might  not  be  the  sole  causal  agent,  in  this  disease. 
About  the  same  time  (1901-1904)  Martin,  studying  the  relation  of  proteus 
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vulgaris  to  diarrheal  affections,  extracted  from  the  cellular  substance  of 
this  organism  a  preparation  which  in  moderate  doses  led  to  great  lower- 
ing of  body  temperature  in  rabbits,  accompanied  by  great  weakness, 
violent  intestinal  evacuations,  and  in  some  instances  these  symptoms  were 
followed  by  collapse  and  death.  The  poisonous  substance  studied  by 
Martin  was  contained  in  filtered  broth  cultures  and  was  not  completely 
destroyed  by  heating,  although  its  effect  Avas  weakened.  Berthelot 
studied  the  intraperitoneal  and  intravenous  effects  of  proteus  vulgaris 
obtained  from  cases  of  infantile  diarrhea  on  guinea  pigs  and  rabbits. 
Such  injections  caused  death  in  these  animals,  but  it  appears  that  this 
investigator  made  no  experiment  by  feeding.  It  should  be  clearly  under- 
stood that  in  all  cases  of  food  poisoning  the  effects  of  the  bacilli  found 
in  the  suspected  food  should  be  tested  not  only  by  subcutaneous,  intra- 
peritoneal, and  intravenous  injections,  but  also  by  feeding.  After  re- 
viewing these  and  many  other  observations  and  experiments  with  the 
proteus.  Savage  concluded: 

' '  From  this  summary  of  outbreaks  it  is  evident  tliat  for  none  of  tlicin  was  it  es- 
tablished that  B.  proteus  was  ctiologically  concerned." 

This  conclusion  may  be  justified,  but  in  our  opinion  the  possibility  of 
a  member  of  the  proteus  group  being  concerned  in  food  poisoning  should 
not  be  overlooked,  and  these  organisms  should  be  sought  as  well  as  those 
of  the  colon-typhoid  group. 

Savage  is  quite  convinced  that  food  poisoning  should  be  considered 
a  specific  disease.  If  we  interpret  him  correctly,  he  does  not  mean  that 
there  is  only  one  microorganism  which  may  render  food  harmful,  but 
that  all  of  the  organisms  which  have  this  action  on  food  belong  to  what 
he  calls  the  Gaertner  group.  This  investigator,  who  has  done  splendid 
work  and  who  has  had  opportunity  to  investigate  112  outbreaks  of  food 
poisoning  in  England,  concludes  that  putrefactive  bacteria  are  never 
concerned  in  food  poisoning.  It  will  be  well  to  know  just  what  he  means 
by  putrefactive  organisms,  and,  consequently,  we  quote  his  definition 
of  putrefaction: 

"By  putrefaction  is  understood  the  decomposition  of  organic  matter,  chiefiy  protein 
in  charaet'er,  by  tlic  action  of  bacteria,  by  which  it  is  split  up  into  a  number  of  chem- 
ical substances  many  of  which  are  gaseous  and  foul-smelling." 

If  Savage  means  that  Ave  are  seldom  poisoned  by  eating  foods  which 
are  giving  off  gases  and  foul  smells,  we  agree  Avith  him,  because  in  the 
present  state  of  civilization  the  majority  of  mankind  are  inclined  to 
refuse  to  take  such  foods.  Our  English  confrere,  however,  goes  a  little 
farther  than  we  can  possibly  folloAV  him.  He  thinks  that  there  is  no 
objection  to  eating  food,  cA^en  that  Avhich  contains  great  masses  of 
putrefactive   microorganisms.     In  order  that  Ave   may  not  misinterpret 
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him,  we  make  the  following  additional  quotation  from  his  splendid  mono- 
graph on  food  poisoning : 

' '  In  the  first  place  massive  bacterial  infection  with  intestinal  bacteria  is  exceedingly 
common  and  foods  such  as  milk,  ice-cream,  brawn,  and  sausages  are  habitually  con- 
sumed containing  thousands  of  bacteria  per  cubic  centimeter  or  gram,  many  of  which 
are  of  direct  intestinal  origin.  Food  poisoning  outbreaks  should  be  of  repeated  and 
constant  occurrence  instead  of  being  comparatively  infrequent.  Further,  there  should 
be  a  special  incidence  upon  the  types  of  food  which  are  so  frequently  ingested  loaded 
wdth  excretal  bacteria.  Milk  in  particular  should  be  abvays  causing  outbreaks,  yet 
if  Chapter  V  is  consulted  it  will  be  noted  that  comparatively  few  outbreaks  of  definite 
food  poisoning  have  been  traced  to  milk,  and  nearly  all  were  due  to  bacterial  infec- 
tion with  a  specific  bacillus.  If  outbreaks  are  caused  by  massive  nonspecific  bac- 
terial infection  we  would  expect  to  get  a  definite  relationship  Ijietween  dosage  and  the 
degree  of  infection.  Those  who  ate  little  would  have  slight  symptoms,  those  who  ate 
'not  wisely  but  too  well'  would  pay  the  heavier  j)rice,  the  children  with  their  greater 
intestinal  susceptibility  would  particularly  be  selected.  There  would  also  be,  in  the 
more  widespread  outbreaks,  a  tailing  off  of  the  severity  of  the  symptoms  where  the 
infection  was  less  massive.  Nothing  of  this  is  the  case,  the  relationship  between  dose 
and  the  severity  of  attack  is  at  most  very  inconstant  and  frequently  nonexistent,  while 
there  is  no  special  incidence  on  children." 

If  Savage  be  right  in  this  statement,  we  in  this  country  have  been 
all  Avrong  in  attempting  to  secure,  especially  for  infantile  feeding,  milk 
which  does  not  contain  a  great  number  of  bacteria,  we  should  have 
paid  no  attention  to  the  number  of/  bacteria  in  milk  and  should  have 
confined  our  efforts  to  eliminating  only  those  bacteria  which  belong  to 
the  Gaertner  group ;  all  our  limitations  on  the  number  of  bacteria  that 
should  be  permitted  in  certified  milk  are  worthless.  Children,  accord- 
ing to  Savage,  if  we  understand  him  correctly,  would  do  just  as  well 
upon  dirty  milk  as  upon  clean  milk,  provided  the  Gaertner  group  is 
excluded  from  both  kinds.  About  40  years  ago  some  of  us  in  this 
country  came  to  the  conclusion  that  all  cases  of  summer  diarrhea  in 
infants,  cholera  infantum,  and  allied  manifestations  were  due  to  food 
poisoning,  and  we  set  to  work  to  secure  for  our  little  patients  clean 
milk.  In  doing  so  we  went  to  a  lot  of  trouble.  "We  demanded  that 
dairies  should  be  inspected;  that  the  milkman  should  wash  his  hands 
before  drawing  the  lacteal  fluid;  that  it  should  be  received  into  clean 
receptacles  only,  so  constructed  as  to  exclude  dust  and  hairs  that  might 
fall  from  the  cow;  that  the  milk  should,  soon  after  being  drawn,  be 
reduced  to  a  low  temperature  in  order  to  inhibit  the  rapid  growth  of 
the  bacteria ;  that  it  should  be  transported  in  iced  cans,  and  that  the 
number  of  bacteria  per  c.c.  should  be  considered  an  index  of  the  fitness 
of  the  milk  as  a  food.  In  all  of  these  precautions  have  we  been  in 
error?  Does  it  make  no  difference  how  many  bacteria  there  are  in  milk, 
provided  there  are  none  belonging  to  the  specific  group? 

It  is  true  that  milk  and  its  products  do  not  play  so  large  a  part  as  some 
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other  foods  might,  for  instance,  in  outbreaks  of  food  poisoning  among  adults, 
including  older  children.  We  have  accounted  for  this,  in  part  at  least, 
by  what  we  believe  to  be  a  fact — that  in  most  meals  from  which  food 
poisoning  arises,  milk  plays  but  a  small  part  so  far  as  bulk  is  concerned, 
except  in  ice-cream,  milk  itself,  cheese,  and  other  special  milk  products. 
Moreover,  in  most  dinners  from  which  food  poisoning  arises  the  small 
amount  of  milk  that  is  employed  has  been  cooked.  As  we  have  already 
stated,  we  believe  that  the  summer  diarrheas  of  infancy  are  cases  of  food 
poisoning  and  that  the  poisonous  food  is  milk — milk  rendered  .poi- 
sonous either  by  a  large  number  of  ordinary,  nonspecific  bacteria, 
or  possibly  in  a  few  instances  millc  contaminated  by  members  of  what 
Savage  calls  the  Gaertner  group.  We  dare  say  that  the  milk  problem, 
so  far  as  infant  feeding  is  concerned,  is  a  much  more  serious  question 
in  the  United  States  than  it  is  in  England,  and  we  have  supposed  this 
is  due  to  the  fact  that  in  the  summer  season  the  average  temperature  in 
this  country  is  much  higher  than  it  is  in  our  mother  land.  The  whole 
question  of  poisonous  milk  will  come  up  for  future  and  more  detailed 
study  when  Ave  write  about  infantile  diarrhea. 

A  special  form  of  food  poisoning  at  present  giving  us  in  this  country 
considerable  anxiety  is  botulism,  and  to  this  we  devote  the  following 
chapter. 
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CHAPTEE  IX 

BOTULISM 

SAUSAGE  POISONING;  ALLANTIASIS 

Description. — Botulism  is  a  specific  form  of  food  poisoning  clue  to  a 
true  toxin  elaborated  by  the  bacillus  botulinus,  of  which  there  are  at 
least  two  types.  It  is  held  at  present  that  the  bacillus  botulinus  is  an 
obligate  saprophyte,  that  it  cannot  grow  and  multiply  in  the  animal 
body,  and  that  it  is  harmful  only  through  the  toxin  which  is  produced  by 
the  growth  of  the  bacillus  in  the  food  before  it  is  eaten.  There  is  still 
some  doubt  about  the  possibility  of  this  bacillus  causing  a  true  infection 
in  man  and  animals.  Some  observers  report  that  the  injection  of 
toxin-free  cultures  into  the  abdomen  of  a  guinea  pig  will  kill  and 
that  the  bacillus  has  been  recovered  from  the  spleen  and  liver  of  this 
animal.  It  is  generally  agreed,  however,  that  the  administration  of 
even  larger  doses  of  some  cultures  by  way  of  the  alimentary  canal  are 
without  effect. 

For  quite  a  hundred  years  botulism,  or,  as  it  was  first  known,  sausage 
poisoning,  has  been  distinguished  from  other  forms  of  food  poisoning. 
In  1828  Dann  stated  the  differences  in  the  symptoms  between  poisoning 
with  food  which  has  undergone  putrefactive  changes  and  poisoning  with 
sausage,  or,  as  we  now  call  it,  botulism.  We  have  modified  Dann's  state- 
ments, bringing  them  in  conformity  with  recent  observations,  and  re- 
produce them  in  Table  III. 

In  botulism,  gastrointestinal  disturbances  are  infrequent  or  slight  and 
transitory.  There  may  be  nausea  and  vomiting,  and  this  may  continue 
for  a  day  or  two.  Active  purgation  is  very  seldom  present  and  when  this 
does  occur  it  is  transient  and  is  followed  in  practically  all  instances  by 
most  obstinate  constipation.  According  to  van  Ermengem,  the  most 
constant  and  characteristic  symptoms  of  botulism  are  as  follows:  (1)  Ar- 
rest of  the  secretions  or  hypersecretion  of  the  saliva  and  of  the  mucus  of 
the  buccopharyngeal  cavity.  (2)  Ophthalmoplegia,  external  and  inter- 
nal, more  or  less  complete  blepharoptosis,  mydriasis,  paralysis  of  accom- 
modation, diplopia,  internal  strabismus.  (3)  Dysphagia,  aphonia,  obsti- 
nate constipation,  and  retention  of  urine.  (4)  A  general  enfeeblement 
of  the  contractile  power  of  all  voluntary  muscles.  (5)  The  absence  of 
fever,  of  sensitory  troubles  and  of  interference  with  the  intelligence. 
(6)  Troubles  of  respiration  and  circulation  which  may  cause  death  more 
or  less  rapidly  from  bulbar  paralysis.     (7)  The  characteristic  symptoms 

185 


186 


EPIDEMIOLOGY 
Table  III 


POISONING  WITH   PUTREFACTIVE  PRODUCTS 


BOTULISM 


(1)  Period    of    incubation    is    usually 
from  two  to  four  hours. 

(2)  Burning  in  throat  and  stomach  rare. 

(o)   Dryness  and  redness  of  mouth  rare. 

(4)  Constipation  never. 

(5)  Always  purging. 

(6)  Difficult  resx^iration  rare. 

(7)  Voice  rarely  affected. 

(8)  Croupous  cough  never. 

(9)  Pulse   weak,    scarcely   perceptible, 

and  frequently  rapid  (100  to  140). 


(10)  Heart    beat    hastened,     otherwise 

not  changed. 

(11)  Sensorium  often  cloud}^;   delirium 

and  sopor. 

(12)  No  paralytic   symptoms. 

(13)  The  motility  of  the  tongue  is  not 

disturbed. 

(14)  Speech  not  disturbed. 

(15)  No  difficulty  in  swallowing,  or  but 
seldom. 

(16)  In  no  case  is  there   ptosis  of  the 

upper  eyelids. 

(17)  Amblyopia  very  rare. 

(18)  Double  vision  very  rare. 

(19)  Dilatation  of  the  pupils  not  rare. 

(20)  Einging  in  the  ears  frequent. 

(21)  The    motility    of    the    extremities 

not  disturbed. 


(1)  Period    of    incubation    is    usually 

from  twelve  to  twenty-four  hours. 

(2)  Burning    in    throat    and    stomach 

frequent. 

(3)  Dryness    and    redness     of    mouth 
constant. 

(4)  Constipation  always  (although 
occasionally  preceded  by  tempor- 
ary diarrhea). 

(5)  Purging  absent  or  present  only  in 

beginning. 

(6)  Difficult  respiration  frequently  ob- 

served. 

(7)  Voice  frequently  affected. 

(8)  Croupous  cough  very  often. 

(9)  Pulse  weak,  scarcely  perceptible, 
often  slow  (50  to  60).  In  Ameri- 
can cases  pulse  often  rapid  (100 
to  150). 

(10)  Heart  beat  often  not  perceptible, 

frequently  slow. 

(11)  Sensorium    always    clear    even    to 

death. 

(12)  Paralytic  symptoms  frequent. 

(13)  The  motility  of  the  tongue  is  often 
disturbed  and  movements  of  the 
tongue  are  difficult. 

(14)  Speech  frequently  disturbed. 

(15)  Difficulty  in  swallowing  frequent. 

(16)  Ptosis  of  the  upper  eyelids  is  com- 

mon. 

(17)  Amblyopia  very  frequent. 

(18)  Double  vision  very  frequent. 

(19)  Dilatation  of  the  pupils  very  fre- 

quent. 

(20)  Einging  in  the  ears  rare. 

(21)  The    motility,  of    the    extremities 

greatly  weakened. 


do  not  manifest  themselves  until  from  tweh^e  to  twenty-four  hours  after 
eating  the  spoiled  food,  although  they  may  be  preceded  by  temporary 
gastrointestinal  disturbances.  This  authority  states  the  symptoms  of 
botulism  are  so  uniform  that  a  diagnosis  can  be  made  from  these  alone. 

It  is  a  question  whether  the  toxin  of  botulism  ever  induces  nausea 
and  vomiting,  and  it  is  held  by  some  that  when  there  is  evidence  of  gas- 
trointestinal irritation  the  food  contains  putrefactive  bodies  in  addition 
to  the  toxin. 

Glancy  gives  an  account  of  his  own  symptoms  after  he  had  partaken  of 
a  meal  containing  bad  beef  with  forty  other  men  at  a  mining  camp  in 
Alaska.  Of  the  forty-one  Avho  partook  of  this  meal,  twelve  died,  eight 
were  sufficiently  ill  to  be  sent  to  hospital,  and  three  were  slightly  inca- 
pacitated.    Some  who   ate   of  the  beef  were  not  aifected,   and  this  is 
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accounted  for  on  the  supposition  that  the  meat  was  not  uniformly  cooked 
and  that  it  Avas  most  rare,  and  consequently  contained  the  most  poison, 
near  the  bone.  Glancy  noticed  nothing  wrong  in  himself  until  twenty- 
eight  hours  after  the  meal,  when  he  observed  a  certain  haziness  over  his 
eyes.  During  the  second  day  after  the  meal  he  felt  as  though  he  was 
walking  on  air.  That  evening  he  attended  a  dance  and  felt  himself  all 
right  when  in  motion,  but  on  resting  found  marked  dimness  of  vision. 
The  poisonous  meal  was  taken  on  Thursday,  May  22,  and  he  continued 
his  hospital  work  until  Saturday,  May  24.  His  subsequent  experience 
is  detailed  as  follows: 

''On  entering  the  hospital  my  pulse  was  73  and  temperature  98.4°.  Every  symp- 
tom so  far  mentioned  seemed  to  be  increasing  in  severity  and  along  with  this,  ex- 
treme muscular  weakness.  Constipation  was  marked  from  the  onset.  I  went  to  bed 
at  once  iipon  admittance,  rested  well  and  noticed  no  new  symptoms  that  day.  The 
following  day  (Sunday)  I  noticed  that  my  eyelids  were  drooping  slightly,  my  pupils 
were  dilated  and  diplopia  was  more  marked.  Was  very  restless,  and  perspired  a 
great  deal  Sunday  night  and  on  into  the  early  hours  of  Monday.  I  began  at  this 
time  to  have  some  difficulty  in  swallowing.  By  Txiesday  my  throat,  particularly  the 
right  side  of  the  soft  palate,  pharynx,  and  uvula,  seemed  paralyzed.  I  could  scarcely 
swallow  at  all  and  my  voice  was  reduced  to  a  whisper.  My  throat  became  clogged 
with  a  thick,  glairy,  tenacious  mucus,  which  I  had  great  difficulty  in  expelling. 
My  tongue  was  becoming  thick  posteriorly  at  this  time.  The  weakness  of  my 
muscles  in  general  was  becoming  such  that  I  found  it  an  effort  to  move  my  limbs 
in  bed,  I  noticed  that  my  right  arm  was  weaker  than  my  left,  though  normally 
it  is  the  reverse.  In  the  following  couple  of  day^s  the  above  mentioned  symptoms 
all  became  more  severe,  it  was  almost  impossible  to  raise  my  right  hand  to  my  head, 
I  could  get  my  left  there  with  much  less  difficulty.  The  extensor  muscles  of  my 
forearm  and  hand  were  i^artieularly  affected,  also  the  supinators  and  xjronators  of 
the  hand,  the  flexors  were  not  affected  proportionately.  Of  the  fingers  the  middle 
and  ring  fingers  were  affected  most,  I  am  referring  here  to  the  right  hand  and  arm. 
The  left  side  was  weak^  but  the  muscles  affected  were  not  marked  off  so  distinctly 
in  groups.  My  tongue  now  had  a  thick  grayish-black  coating  and  my  breath  was 
very  bad.  Any  difficulty  I  had  had  up  to  this  time  in  relation  to  breathing  seemed 
to  be  a  result  of  the  mucus;  now,  there  was  added  to  this  extreme  muscular  weak- 
ness and  a  paralysis,  I  believe,  of  the  respiratory  mechanism.  I  could  see  no  expan- 
sion of  the  chest  at  all,  and  it  seemed  like  a  leaden  weight.  It  was  at  this  time  in 
my  illness  that  I  had  a  period  of  about  twelve  hours  in  which  my  condition,  from 
a  respiratory  standpoint  at  least,  was  considered  the  worst.  My  pulse  was  of  very 
small  volume  but  regular  in  rhythm,  the  rate  varied  from  88  to  100,  my  usual  rate 
being  80.  My  temperature  remained  normal  throughout  this  bad  spell.  Following 
this  I  perspired  freely  and  was  able  to  breathe  more  easily.  About  twelve  hours 
later  I  had  a  similar  attack  but  not  ciuite  as  severe,  the  whole  condition  of  gen- 
eral weakness,  excessive  mucus  in  the  throat,  difficult  breathing  and  weakened  heart 
prevailed  as  in  the  former  one,  however.  The  only  other  new  symptom  following 
this,  up  to  the  time  that  I  noticed  an  improvement  in  my  condition,  was  a  severe 
left-sided  headache.  Although  there  had  been  periods  which  were  not  as  distress- 
ing as  others  yet  I  believe  the  first  real  step  toward  recovery  occurred  on  June  8, 
approximately  two  weeks  from  date  of  admittance,  when  I  found  that  the  left  side 
of  my  throat  (which  was  only  slightly  affected  at  most)   felt  almost  normal.     There 
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was  a  trifle  less  mucus  formiug  and  it  was  not  as  thick  and  tenacious,  while  swal- 
lowing became  a  little  easier.  I  was  able  also,  for  the  first  time,  to  walk  to  the 
foot  of  the  bed,  holding  on  to  the  side.  My  legs  were  not  affected  to  the  same 
extent  as  my  arms  by  any  means,  but  they  were  very  weak  also.  No  symptoms 
mentioned  previously  had  entirely  disappeared  up"  to  this  time.  On  June  9,  I  sat 
up  In  a  chair  for  half  an  hour.  Any  nourishment  which  I  had  had  up  to  the  pres- 
ent had  been  in  the  form  of  broths,  tomato  soup,  whites  of  eggs,  milk,  brandy, 
champagne,  and  brandy-saline  enemata.  I  now  began  to  add  a  little  more  to  my 
dietary  and  to  exert  myself  just  a  little  more  each  day.  On  June  11  (eighteenth 
day  in  hospital),  a  dull  pain  came  on  in  the  aortic  and  pulmonary  areas,  this  con- 
tinued present  to  the  same  degree  until  June  22,  which  was  the  first  time  that  I 
got  a  really  noticeable  expansion  of  my  chest;  until  now  my  breathing  had  been  all 
abdominal  and  that  limited.  Up  to  this  time  I  had  lost  twenty  pounds.  From  this 
time  on  there  was  a  very  gradual  improvement  in  every  way,  and  I  left  the  hos- 
pital on  July  5  to  recuperate  at  a  friend's  home.  By  the  last  of  July  the  pain  in 
the  pulmonary  and  aortic  areas  had  practically  gone,  I  still  had  some  ptosis  and 
lack  of  expression,  was  also  very  easily  tired  and  required  to  walk  with  a  cane  all 
the  time." 

In  many  instances,  scintillations  l3efore  the  eyes,  dimness  of  sight  and 
double  vision  are  early  symptoms  and  not  infrequently  the  patient  con- 
sults a  doctor  for  the  first  time  on  account  of  his  eye  trouble.  The  older 
writers  on  sausage  poisoning  state  that  occasionally  complete  blindness 
results.  Miiller  has  collected  from  the  literature  eleven  cases  of  this 
kind.  Difficulty  in  swallowing  is  often  a  very  trying  condition.  It  is  in 
part  due  to  the  lack  of  secretion  in  the  mouth  and  moist  food  is  swallowed 
more  easily,  although  difficulty  in  swallowing  is  in  part  due  to  muscular 
paralysis.  Ulcerations,  and  even  membranes,  in  the  pharynx  have  been 
reported,  but  it  is  more  than  likely  that  these  cases  were  complicated 
with  diphtheria.  On  account  of  the  difficulty  in  swallowing,  strangula- 
tion may  become  alarming  and  aspiration  j)neumonia  is  not  unknown. 
The  speech  may  be  so  greatly  disturbed  that  it  becomes  unintelligible, 
though,  as  a  rule,  it  is  lisping,  slow,  and  husky.  The  collection  of  mucus 
in  the  upper  air  passages  leads  to  a  croupous  cough,  Avhich  may  be  most 
distressing  and  may  persist  for  days.  In  many  cases  there  is  more  or 
less  marked  paralysis  of  the  muscles  of  the  pharynx  and  larynx.  This 
may  be  more  marked  on  one  side  than  on  the  other. 

Inhibition  of  the  secretions  is  a  prominent  manifestation  of  the  action 
of  this  poison.  As  a  rule,  the  skin  is  dry  and  soon  becomes  rough  and 
harsh.  The  dryness  of  the  mucous  membrane  of  the  alimentary  canal 
apparently  extends  from  mouth  to  anus.  The  motility  of  every  part  of 
the  alimentary  tract  is  lessened.  The  stomach  lies  an  immovable  organ, 
discharging  its  contents  in  neither  direction,  so  that  it  has  happened  that 
parts  of  the  poisonous  food  eaten  may  remain  in  this  viscus  for  many 
days.  The  obstinate  constipation  is  due  to  paralysis  of  the  walls  of  the 
intestines  and  its  relief  is  difficult.     The  testimony  concerning  the  effect 
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of  this  poison  upon  the  renal  secretion  is  not  always  along  the  same  line. 
In  some  cases  there  has  been  reported  an  excessive  flow,  while  in  others 
this  secretion  is  diminished,  and  in  extreme  instances  may  be  entirely 
suppressed.  Most  of  the  early  authors  reported  a  slow  pulse  and  com- 
pared it  with  that  observed  in  poisoning  by  digitalis.  In  cases  occurring 
recently  in  this  country,  there  have  been  great  variations  in  the  rate  of 
the  pulse,  but,  as  a  rule,  it  is  high,  generally  above  100,  and  in  some 
instances  going  as  high  as  150  per  minute.  The  motility  of  the  heart 
muscle,  in  common  with  all  the  muscular  tissue  of  the  body,  both  volun- 
tary and  involuntary,  is  impaired,  and  the  beat  is  weak. 

In  uncomplicated  botulism,  the  temperature  is  below  the  normal,  aver- 
aging between  96°  and  98°  F.  AVhen  the  temperature  begins  to  go  above 
the  normal,  bronchopneumonia  may  be  suspected  and  it  is  by  this  disease 
that  many  cases  of  botulism  terminate.  On  account  of  the  partial  paraly- 
sis of  the  muscles  of  respiration,  this  function  is  impaired  more  or  less, 
the  breathing  may  become  shallow,  irregular,  and  there  may  be  marked 
dyspnea,  in  fact,  death  supervenes  in  many  eases  from  asphyxiation. 

While  complete  paralysis  of  the  voluntary  muscles  is  rare,  more  or 
less  impairment  of  their  function  is  common.  The  patient  continues  pos- 
sessed of  full  intelligence  and  realizes  the  growing  weakness  which  is 
creeping  over  his  whole  body.     Dickson  says: 

"The  general  appearance  of  the  patient  is  most  distressing.  The  extreme  mus- 
cular weakness,  the  anxiety  and  the  utter  helplessness,  the  diflfieulty  in  swallowing, 
the  attacks  of  strangling,  the  struggle  for  breath,  and  the  unsuccessful  attempts  to 
articulate,  constitute  a  clinical  picture  which,  when  once  observed,  can  never  be  for- 
gotten. The  face  is  usually  pale,  but  in  the  early  stages  may  be  congested.  There 
may  be  normal  appetite  and  excessive  thirst,  but  the  patient  is  afraid  to  try  to 
swallow.  At  times  the  strangling  spells  are  so  severe  that  there  is  an  incontinence 
of  urine,  and  an  accumulation  of  thick,  tenacious  mucus  in  the  pharynx  is  a  con- 
stant source  of  annoyance.  The  fact  that  the  patient  remains  in  full  possession 
of  his  mental  powers  and  can  realize  the  seriousness  of  his  condition  only  adds 
to  the  distressing  character  of  the  situation. ' ' 

The  duration  of  the  disease  is  widely  variable.  It  depends  upon  the 
size  of  the  dose  of  the  toxin,  the  readiness  with  which  it  is  absorbed,  the 
possibility  of  some  of  it  being  expelled  by  vomiting  or  through  diarrheal 
discharges,  and  possibly  upon  other  unknown  conditions.  In  severe  cases 
recovery  is  gradual  and  slow.  Kerner  reports  a  case  in  which  on  the 
seventy-fifth  day  of  the  disease  the  heart  beat  could  not  be  felt,  and  on 
the  eighty-fifth  day  the  skin  remained  dry  and  parched.  In  some  of 
these  prolonged  cases,  there  is  marked  desquamation  of  the  cuticle.  In 
others,  skin  infections  occur  and  boils  and  ulcers  result.  In  most  fatal 
cases,  death  occurs  by  the  tenth  day  and  some  writers  state  that  one  who 
lives  to  the  tenth  day  is  quite  sure  to  recover.  There  has  been  more  than 
one  recorded  exception  to  this  rule  and  deaths  have  been  reported  after 
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three  weeks  and  even  longer.  As  we  have  already  stated,  many  cases 
terminate  in  bronchopneumonia,  manifesting  all  the  symptoms  of  this 
disease  during  the  last  hours  and  its  lesions  after  death.  Kerner  reports 
slow  death  through  inanition,  due  to  inability  to  swallow  food  or  to  digest 
it,  or  to  overcome  the  constipation. 

History. — In  1869  Miiller  collected  and  abstracted  the  literature  on 
sausage  poisoning.  We  shall  follow  this  author,  making  such  additions 
as  are  to  be  found  in  more  recent  reports  and  which  are  deemed  worthy 
of  attention.  For  nearly  200  years  past,  Wiirttemberg  has  had  the  reputa- 
tion of  being  the  birth  place  and  home  of  this  form  of  food  poisoning. 
It  is  more  than  probable  that  in  the  early  reports,  botulism  was  some- 
times confounded  with  trichinosis  and  possibly  with  other  forms  of  food 
poisoning.  The  first  article  on  sausage  poisoning  dates  from  1735  and  it 
was  believed  that  the  active  agent  consisted  of  some  metallic  poison 
coming  from  the  copper  vessels  in  which  the  food  was  prepared.  From 
1789  frequent  reports  on  poisoning  with  sausage  in  Wiirttemberg  began 
to  attract  the  attention  of  the  outside  Avorld.  In  1793  in  the  village  of 
Wildbad  thirteen  persons  partook  of  sausage;  all  were  ill  and  six  died. 
The  verdict  in  this  case  was  that,  while  the  sausage  might  have  had  some 
deleterious  effect  upon  the  individuals  eating  it,  the  deadly  agent  Avas 
belladonna,  which,  b}^  accident  or  intention,  had  been  added  to  the  food. 
In  1799  several  families  suffered  from  sausage  poisoning  within  a  short 
time  at  or  near  the  village  of  Mosburg.  In  one  family  every  member 
was  seriously  ill  and  four  died.  One  son  who  recovered  was  accused  of 
adding  the  seed  of  henbane  to  the  food.  In  1802  official  notice  was  taken 
of  sausage  poisoning  in  Wiirttemberg.  A  warning  was  published  and 
instructions  given  as  to  the  preparation  of  this  article  of  diet  in  such  a 
way  that  it  would  not  be  harmful.  In  this  official  communication  it  was 
stated  that  the  untoward  symptoms  and  death  were  not  due  to  mineral 
poisons,  but  it  was  suggested  that  they  might  be  caused  by  some  vege- 
table poison  which  was  added  to  the  sausage  in  order  to  flavor  it  and 
render  it  more  pleasing  to  the  palate.  The  people  were  warned  against 
the  use  of  certain  imported  condiments.  In  1815  Kerner,  a  medical  man 
skilled  in  chemistry  and  a  native  of  Wiirttemberg,  undertook  to  solve  the 
riddle.  He  published  in  1820  his  first  monograph,  entitled,  "Recent 
Observations  on  Cases  of  Poisoning  so  frequently  seen  in  Wiirttemberg 
after  the  use  of  Smoked  Sausage."  This  was  followed  two  years  later 
by  a  monograph  in  which  the  author  satisfied  himself  that  he  had  found 
the  poisonous  agent  in  the  fatty  acids  contained  in  the  sausage. 

In  his  first  report  Kerner  collected  76  eases,  with  37  deaths,  and  in  his 
second  communication  the  number  of  cases  had  grown  to  155  and  the 
number  of  deaths  to  84.  Kerner  states,  however,  that  it  is  not  probable 
that  all  eases  in  Wiirttemberg  were  reported  and  that  frequent  instances 
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of  sausage  poisoning  probably  occurred  in  the  more  remote  and  sparsely 
settled  parts  of  the  Black  Forest.  It  is  generally  stated  that  Kerner 
attributed  the  harmful  action  of  sausage  to  the  presence  in  this  food  of 
certain  fatty  acids.  This  is  true  in  part,  but  if  we  read  him  correctly, 
he  believed  that  the  fatty  acid  was  combined  with  some  nitrogenous  sub- 
stance in  which  the  poisonous  properties  resided.  He  states  that  in  all 
probability  the  fatty  acid  in  bad  sausage  is  combined  with  a  putrefactive 
alkaloid  to  which  the  great  activity  of  the  substance  is  due.  He  put  most 
of  his  work,  however,  upon  attempts  to  isolate  the  fatty  acids.  In  carry- 
ing out  his  procedures  he  extracted  the  sausage  with  potash,  thus  sapon- 
ifying the  fatty  acids.  To  these  alkaline  extracts  he  added  sulphuric 
acid  in  order  to  set  the  fatty  acid  free  and  then  resorted  to  distillation 
to  obtain  his  final  product.  With  the  distillate  he  made  many  experi- 
ments upon  animals  and  convinced  himself  that  he  produced  in  these, 
symptoms  quite  closely  allied  to  those  manifested  in  individuals  who  had 
eaten  poisonous  sausage.  With  our  present  knowledge  it  is  easy  to  see 
that  by  this  method  Kerner  destroyed  the  toxin  which  we  now  know  to 
be  the  active  agent  in  botulism.  In  some  of  his  work  Kerner  employed 
aqueous  extracts  of  the  bad  sausage  and  applied  small  quantities  of  this 
to  his  tongue,  causing  a  burning  sensation  in  the  mouth  and  throat.  It 
is  highly  probable  that  these  symptoms  were  due  to  the  fatty  acids,  but 
Kerner,  as  we  now  know,  was  wrong  in  jumping  to  the  conclusion  that 
because  he  had  found  the  cause  of  one  of  the  symptoms  he  had  solved 
the  whole  question.  About  the  time  that  Kerner  was  carrying  on  his 
experiments  it  was  suggested  by  Emmert  that  the  active  agent  in  poison- 
ous sausage  is  hydrocyanic  acid.  This  announcement  was  based  largely 
upon  the  fact  that  in  persons  dead  from  eating  poisonous  sausage  the 
blood  was  found  to  be  fluid  and  dark  in  color ;  in  fact,  there  was  no  basis 
whatever  for  even  the  suggestion  that  the  active  agent  might  be  hydro- 
cyanic acid.  This  is  one  of  the  most  rapidly  fatal  of  all  poisons,  while 
in  sausage  poisoning  many  hours  and  even  several  days  often  elapse 
before  the  first  symptoms  develop.  This  would  be  an  impossibility  if  the 
poisonous  or  active  substance  was  hydrocyanic  acid.  Kastner  found  in 
the  distillates  obtained  by  Kerner 's  method,  acetic  and  lactic  acids  and 
was  inclined  to  agree  with  Kerner  in  believing  that  these  acids  were 
combined  with  a  nitrogenous  base  which  was  poisonous.  Buchner  ob- 
tained from  bad  sausage  an  ethereal  oil  to  which  he  ascribed  the  poison- 
ous action.  He  believed  that  in  the  sausage  these  acids  were  combined 
with  the  oil.  Dann,  whose  valuable  study  of  the  symptomatology  we 
have  already  referred  to,  came  to  the  conclusion  that  the  fatty  acids 
were  combined  with  empyreumatic  oil  and  he  believed  the  active  agent 
in  poisonous  sausage  to  be  acrolein.  About  1830  it  was  suggested  that 
poisoning  with  sausage  might  be   due  to  diseases  in  the  animals  fur- 
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nishing  the  meat  and  much  was  made  of  the  Avisdom  of  Moses  in  for- 
bidding the  chosen  people  to  eat  pork.  Soon  it  became  known  that 
sausage  is  not  the  only  meat  that  might  be  poisonous  and  that  identical 
symptoms  do  occasionally  result  from  eating  not  only  ham  and  bacon, 
as  well  as  sausage,  but  from  foods  prepared  from  the  flesh  of  cattle, 
sheep,  and  deer.  So  much  was  said  about  the  possibility  of  the  untoward 
symptoms  resulting  from  the  flesh  of  sick  animals  that  for  a  while  atten- 
tion was  paid  to  the  ei^'ects  on  man  of  eating  the  flesh  of  animals  sick 
with,  or  dead  from,  anthrax.  Miiller  collected  nearly  100  authenticated 
cases  in  which  people  had  eaten  the  flesh  of  animals  killed  while  suffer- 
ing from  anthrax.  Out  of  92  such  cases,  well  authenticated,  10  died,  but 
the  symptoms  did  not  correspond  with  those  observed  in  botulism.  The 
anthrax  food  caused  marked  gastrointestinal  irritation,  with  prolonged 
and  exhausting  purging.  In  some  instances  malignant  pustules  formed  in 
the  inguinal  and  axillary  glands.  In  no  case  were  the  nervous  symptoms 
characteristic  of  botulism,  in  evidence.  Furthermore,  on  autopsy,  there 
was  no  resemblance  between  anthrax  poisoning  and  sausage  poisoning. 
In  the  former,  section  showed  marked  inflammation  of  the  stomach  and 
intestines,  which  is  never  found  in  botulism. 

It  is  especially  worthy  of  note  that  in  the  long  continued  studies  of 
sausage  poisoning  and  the  many  discussions  which  these  occasioned,  a 
clear  distinction  was  almost  invariably  made  between  botulism  and  other 
forms  of  food  poisoning.  Miiller  collected  the  literature  bearing  on 
100  cases  of  cheese  poisoning  and  pointed  out  how  this  differs  from 
sausage  poisoning.  He  writes  that  in  cheese  poisoning  the  duration  of 
the  disease  is  short  and  in  the  majority  of  instances  there  is  complete 
recovery  even  without  medical  help  within  from  eight  to  ten  hours.  In 
rare  instances,  the  untoward  sj^mptoms  may  continue  for  24  hours  and 
death  from  cheese  poisoning  is  exceedingly  rare,  Miiller  finding  only 
one  case  and  that  of  a  child  two  years  of  age.  In  cheese  poisoning  the 
symptoms  are  practically  confined  to  the  gastrointestinal  tract;  purging 
is  present  in  nearly  every  case  and  obstinate  constipation  is  seldom  or 
never  seen.  The  period  of  incubation  is  short  and  paralytic  symptoms 
are  never  in  evidence.  Double  vision  rarely  appears  and  ptosis  pal- 
pebrarum never  occurs.  In  1835  Roser,  after  making  careful  autopsies  of 
several  cases  of  fatal  sausage  poisoning,  reported  that  he  found  the  walls 
of  the  bronchi  and  of  the  small  intestine  bluish-red  in  color  and  attributed 
this  condition  to  partial  paralysis  of  the  capillary  vessels.  This  author 
held,  on  account  of  the  slowness  with  which  the  symptoms  develop  and 
the  long  continuance  of  the  disease,  that  the  causal  agent  could  not  be 
a  mineral  or  a  vegetable  poison  but  must  be  something  capable  of 
growth  and  reproduction. 

For  a  time  it  was  held  that  only  smoked  sausage  proved  to  be  poison- 
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ous  and  attempts  were  made  to  account  for  the  development  of  the 
poison  by  the  processes  used  in  smoking  the  meat.  It  was  suggested  by 
Serres  that  the  poisonous  principle  might  be  pyroligneous  acid,  and  by 
Lusanna  that  it  might  be  creosote,  these  substances  being  rendered  more 
poisonous  by  their  combination  with  some  constituent  of  the  sausage. 
In  1852  Schlossberger  discarded  all  previously  advanced  theories  and 
suggested  that  the  poison  might  be  a  volatile  alkaloid  resembling  nicotin. 
About  this  time  Heller  had  ascertained  that  the  phosphorescence,  some- 
times observed  in  decaying  meat,  is  due  to  a  low  form  of  vegetable  life, 
which  he  named  Sarcina  noctiluca.  Following  along  the  same  line,  van 
den  Corput  described  a  Sarcina  botulina  which,  in  his  opinion,  by  its 
growth  in  the  sausage  elaborated  the  poison.  This  view  was  attacked 
by  Schlossberger,  who  called  the  Sarcina  botulina  a  fantasy  and  a 
hypothetical  growth.  Hasselt  agreed  Avith  Schlossberger  in  attributing 
the  poisonous  action  of  the  food  to  an  acid,  w^hich  he  described  as  acidum 
hotulinicum  and  which  he  believed  to  be  combined  with  a  highly  poisonous 
basic  substance. 

Miiller  collected  some  valuable  information  concerning  the  symptoma- 
tology of  sausage  poisoning.  Of  140  cases,  he  found  that  the  first  symp- 
toms in  124  appeared  within  24  hours  after  eating  the  food,  most  of  these 
appearing  between  18  and  24  hours.  In  7  cases,  the  first  symptoms 
occurred  on  the  second  day ;  in  15,  on  the  third ;  in  two,  on  the  fourth, 
and  in  one  each,  on  the  eighth  and  ninth  days. 

In  149  cases,  106  complained  of  pain  in  the  bowels.  This  symptom 
Avas  absent  in  28  eases  and  not  mentioned  in  15.  Tliere  were  nausea  and 
vomiting  in  122,  not  present  in  15  and  not  mentioned  in  12.  In  127 
cases,  there  was  difficulty  of  swallowing  in  101,  no  symptom  of  this 
kind  in  10  and  not  mentioned  in  16.  In  the  same  cases  there  was  con- 
stipation in  101  and  temporary  diarrhea  in  62.  The  most  constant  gastro- 
intestinal symptoms  w^ere  nausea,  vomiting,  pain  in  the  bowels,  and 
constipation.  The  oral  cavity  was  generally  dry,  the  gums,  tonsils  and 
mucous  membrane  generally  reddened.  In  most  instances  burning  in 
the  throat  Avas  complained  of.  The  diarrhea,  if  present  at  all,  Avas 
temporary  and  Avas  folloAved,  usually  not  later  than  the  third  day,  by 
obstinate  constipation.  The  most  constant  symptoms  referable  to  the 
nerA^ous  system  AA^ere  partial  paralysis  of  the  muscles  supplied  by  the 
cranial  nerves,  and  general  muscular  enfeeblement.  Sleep  Avas  generally 
restful,  but  in  some  there  Avas  obserA^ed  an  appearance  and  sensation  of 
droAvsiness  Avithout  real  or  restful  sleep.  Amblyopia  Avas  marked  in 
93  out  of  127  eases  and  double  Adsion  in  85  out  of  127.  The  pupils  Avere 
dilated  in  88  and  for  the  most  part  not  responsiA^e  to  light.  Ptosis  pal- 
pebrarum Avas  marked  in  71  out  of  the  127  cases.-  There  Avas  marked 
disturbance  in  the  motilitA'^  of  the  muscles  of  deglutition  in  108  out  of  149 
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eases.  The  flow  of  saliva  was  arrested  in  101  eases  out  of  127  and  the 
skin  was  dry  in  79  of  these.  In  80  out  of  127,  the  voice  was  affected  and 
in  some  there  was  complete  aphonia. 

Miiller  speaks  of  the  symptoms  as  occurring  in  two  stages.  The 
symptoms  appear  on  an  average  between  18  and  24  hours  and  those  of 
the  first  stage  consist  of  general  malaise,  pressure  and  pain  in  the  region 
of  the  stomach,  loss  of  appetite,  nausea,  vomiting,  and  severe  pain  in 
the  bowels,  accompanied  sometimes  by  distention  of  the  abdomen.  Ac- 
companying these  symptoms  are  belching,  dryness  in  the  throat,  and  a 
heaviness  in  the  head.  In  some  cases  the  patient  finds  it  necessary  to 
support  the  head  and  to  turn  it  from  one  position  to  another  with  the 
aid  of  the  hands. 

In  the  second  stage,  which  usually  begins  on  the  second  or  third  day 
after  eating  of  the  poisonous  food,  there  is  vertigo,  uncertainty  in  gait, 
dilatation  of  the  pupils  and  difficulty  in  respiration.  Diarrhea,  if  pres- 
ent, is  followed  by  constipation.  Cloudiness  of  vision,  double  vision,  and 
dysphasia  come  on.  On  the  third  or  fourth  day  there  is  ptosis  of  the 
upper  eyelids.  The  pupils  are  dilated  and  not  responsive  to  light.  There 
is  progressive  paralysis  of  the  esophagus  and  fear  of  death  from  threaten- 
ing asphyxia.  A  croupous,  unproductive  cough  results  from  the  ac- 
cumulation of  mucus  in  the  trachea  and  throat.  From  the  fourth  to  the 
tenth  day  in  many  instances  the  dysphasia  passes  into  aphasia.  All 
the  secretions  with  the  exception  of  the  urine  and  milk  are,  in  part 
at  least,  suppressed.  Vision  gradually  disappears  and  may  be  com- 
pletely obliterated.  Sensation  in  the  ends  of  the  fingers  is  dull,  the 
tongue  becomes  lame,  the  voice  is  reduced  to  a  whisper,  the  heart  beat 
can  no  longer  be  felt,  and  the  skin  is  cold.  The  paralyzing  weakness  in 
the  arms  and  legs  increases,  the  movements  of  respiration  become  imper- 
ceptible, dyspnea  passes  into  apnea  and  death  follows,  accompanied  by 
or  preceded  by  light  convulsive  movements. 

We  have  already  stated  that  in  a  great  many  cases  the  symptoms  of 
the  first  stage,  as  given  here,  are  wholly  wanting  and  the  first  evidence 
of  anything  wrong  with  the  individual  comes  with  the  development  of 
the  nervous  symptoms. 

The  older  authors  paid  great  attention  to  the  physical  properties  of 
poisonous  sausage,  hoping  thereby  to  lay  down  some  rules  by  which  this 
food  when  bad  could  be  recognized.  On  this  point  there  are  many  inter- 
esting and  not  a  few  contradictory  statements.  Schlossberger  says  that 
there  is  nothing  in  the  appearance,  smell  or  taste  of  poisonous  sausage 
by  means  of  which  it  can  be  recognized  and  its  harmful  quality  first 
manifests  itself  after  it  has  been  eaten.  Kerner  generally  found  some- 
thing wrong  with  the  smell  or  taste  of  bad  sausage.    However,  he  recog- 
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nized  the  fact  that  the  average  peasant  was  not  finicky  about  his  food 
and  was  likely  to  eat  what  a  more  careful  person  would  reject.  After 
her  master  had  eaten  heartily  of  a  sausage  the  maid  pronounced  it  unfit 
and  threw  it  to  the  hogs.  The  man  died  but  the  hogs  survived.  Scat- 
tered throughout  the  literature  are  many  statements  such  as  the  follow- 
ing: "The  sausage  smelled  bad  and  did  not  have  a  good  taste."  **0n 
account  of  its  bad  taste  it  was  quickly  swallowed."  A  housewife,  on 
opening  a  blunzen  (a  large  sausage)  took  from  its  interior  a  cheesy 
greenish  mass  and  showed  it  to  her  husband  suggesting  that  it  should  be 
thrown  away,  but  he  devoured  the  especially  offensive  part  and  in  due 
time  died,  while  the  remainder  of  the  family  ate  of  the  outer  portions 
and  were  in  no  wise  ill.  It  is  not  uncommon  to  find  in  the  records  that 
in  the  interior  of  the  sausage  there  were  found  mushy,  greenish,  ill- 
smelling  masses.  There  are  all  kinds  of  descriptions  of  the  odor.  It  is 
described  as  "sour,"  "like  bad  cheese,"  "vile,"  and  "stinking." 
Schlossberger  was  the  first,  so  far  as  we  have  found,  to  designate  the 
odor  as  that  of  butyric  acid.  It  is  more  than  probable  that  those  who 
in  the  early  days  were  poisoned  by  sausage  had  never  heard  of  butyric 
acid. 

Although  Schlossberger  found  nothing  peculiar  in  the  taste  of  the 
poisonous  sausage  with  which  he  worked,  others  have  stated  that  it  was 
rancid,  sharp,  acid,  and  sticky,  and  one,  states  that  it  tasted  like  garlic. 

Many  experiments  were  made  upon  the  lower  animals  Avith  widely 
variable  results.  For  the  most  part,  however,  animals  were  not  seriously 
affected.  Kerner  gave  a  quarter  of  a  pound  of  poisonous  sausage  which 
had  an  ill  smell  and  an  acid  taste,  to  a  dog.  The  animal  ate  it,  soon 
vomited  it,  but  swallowed  it  again,  suffered  from  diarrhea,  was  appar- 
ently ill  the  following  night,  but  as  sound  as  ever  the  next  day.  Weiss 
apparently  killed  mice  by  feeding  them  poisonous  sausage.  The  experi- 
ments on  animals,  like  the  chemical  examinations,  were  often  made  not 
with  what  remained  uneaten  of  the  sausage,  but  of  portions  taken  from  the 
original  stock ;  and,  quite  naturally,  in  many  instances  these  parts  were  not 
poisonous.  Attempts  were  made  to  compare  botulism  with  other  diseases 
and  the  list  in  these  comparisons  is  a  long  and  varied  one.  Lebert  made 
probably  the  most  sensible  comparison  Avhen  he  stated  that  sausage 
poisoning  resembles  in  many  respects  poisoning  with  belladonna.  Sobern- 
heim  by  some  twist  came  to  the  conclusion  that  it  resembles  cholera. 
Weiss  compared  it  with  typhus  fever  and,  strange  to  say,  Kerner  thought 
it  had  some  relationship  to  cretinism.  However,  most  of  the  observers, 
even  in  the  earliest  records,  recognized  the  fact  that  botulism  is  a  disease 
ftiii  generis.  There  were  many  postmortem  examinations  made  in  the 
early  days,  but  the  records  of  these  are  of  but  little  value.     Congestion 
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ill  the  blood  vessels  of  tlie  luiieous  ineiiibranes  was  put  dewn  by  some  as 
inflammation,  while  others  gave  it  a  correct  interpretation. 

It  may  be  of  interest  to  say  a  few  words  concerning  the  treatment  of 
botulism  employed  before  the  discovery  of  the  toxin.  On  this  point 
there  seems  to  have  been  among  those  most  competent  to  speak  upon  the 
subject  a  fair  uniformity  of  opinion.  Early  evacuation  of  the  stomach 
and  intestines  was  insisted  upon.  Emetics  were  recommended  even  in 
cases  to  which  the  physician  was  called  for  the  first  time  after  the 
development  of  the  nervous  symptoms.  The  reason  for  insisting  upon  the 
use  of  emetics  was  that  in  eases  of  death  even  after  many  days,  some  of 
the  harmful  food  was  still  found  in  the  stomach.  "When  the  condition 
prevented  the  use  of  an  emetic,  the  employment  of  the  stomach  pump 
or  tube  was  recommended.  It  was  found  that  cathartics  had  but  little 
effect  and  high  irrigation  of  the  intestine  was  approved  by  all  authorities. 
So  far  as  the  treatment  could  be  directed  to  the  destruction  of  the  poison- 
ous substance  in  the  stomach,  chlorin  water  was  used,  with  the  idea  that 
it  would  not  only  stop  fermentation,  but  might  destroy  any  poison  al- 
ready formed  and  still  uiiabsorbed.  Some  used  iodin  in  potassium  iodid 
solution  {aqua  iodata)  in  the  hope  that  it  would  precipitate  and  render 
inert  any  alkaloidal  poison  that  might  l)e  present.  The  agreement  con- 
cerning the  selection  of  remedies  to  mitigate  the  nervous  symptoms  was 
not  so  close.  Phosphorus,  arsenic,  sulphur,  strychnin,  and  belladonna 
were  tried,  but  no  one  claimed  that  marked  benefit  resulted. 

During  the  greater  part  of  the  eighteenth  century  and  the  first  part 
of  the  nineteentli,  when  botulism  was  believed  to  be  confined  to  Wiirttem- 
berg,  there  Avas  much  discussion  concerning  the  method  of  preparing 
sausage  meat  emploj'ed  in  that  country.  From  time  immemorial  the 
German  peasant  has  relied  largely  upon  sausage  as  his  meat  supply 
during  the  winter.  He  possessed  one  or  more  hogs  wdiich  fattened 
during  the  summer  and  early  fall  on  acorns,  nuts,  berries,  and  did 
not  disdain  any  creeping  or  crawling  thing  which  came  under  the 
eye  on  the  surface  or  was  reached  by  the  snout  under  the  surface. 
With  the  coming  on  of  winter,  the  freezing  of  the  ground  and  the  hid- 
ing away  of  snakes,  lizards,  mice,  moles,  etc.,  the  pig  could  no  longer 
retain  the  fat  which  it  had  accumulated  and  was  now  ready  for  slaughter. 
The  animal  was  knocked  into  insensibility  by  a  blow  upon  the  head  with 
some  blunt  instrument,  a  vessel  in  the  neck  was  opened,  and  every  drop 
of  blood  was  caught  in  some  receptacle,  for  there  could  be  no  loss  of 
food;  every  part  of  the  animal  must  be  preserved.  The  carcass  was 
immersed  in  a  hogshead  of  water,  heated  witli  stones  which  had  been 
piled  upon  an  open  fire.  After  this  the  hair  Avas  plucked  by  hand.  The 
firmer  portions,  shoulders,  hams,  sides,  etc.,  were  packed  in  a  chest  and 
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freelj^  covered  with  salt.  The  alimentary  tube  from  the  cardiac  end  of 
the  stomach  to  the  rectum  was  cut  into  pieces,  the  natural  contents 
removed  more  or  less  completely,  the  links  of  intestine,  large  and  small, 
together  with  the  stomach,  Avere  packed  Avith  a  great  variety  of  animal 
and  vegetable  foodstuff's  including  the  blood  which  had  been  saved  in 
the  slaughter  of  the  animals.  In  these  links  were  stowed  away  blood, 
chopped  and  ground  liver,  brain,  peas,  beans,  etc.,  all  mixed  with  dried 
leaves,  such  as  sage,  and  other  condiments.  These  great  links,  called 
"blunzen,"  Avere  hung  in  the  chimney  of  the  peasant's  home,  from  which 
they  Avere  taken  link  by  link  as  the  necessities  of  the  family  for  food 
might  demand.  During  the  daytime  these  suspended  blunzen  Avere  often 
heated,  the  outer  portions  at  least,  to  a  temperature  sufficient  to  prevent 
bacterial  groAvth,  but  during  the  night  Avhen  the  fire  Avent  out  the  masses 
of  sausage  often  froze.  It  Avas  suggested  that  this  alternate  freezing  and 
thaAAdng  might  be  a  factor  in  the  development  of  the  poison.  As  a  rule, 
no  harm  came  from  this  food  until  spring,  Avhen  the  links  Avhicli  had  been 
hanging  in  the  chimney  for  months  AA^ere  reached  and  serA^ed  at  the 
table.  For  this  reason  it  happened  that  sausage  poisoning  first  ap- 
peared to  be  a  seasonal  disease.  AVe  can  noAv  understand  hoAV  Avell 
fitted  these  conditions  Avere  for  the  growth  of  the  bacillus  botulinus  and 
the  development  of  its  toxin.  Kerner  and  his  colleagues  were  fully 
aware  of  the  fact  that  the  poison  is  more  abundant  in  the  interior  of  the 
sausage  mass  than  in  the  peripheral  parts ;  indeed,  it  not  infrequently 
happened  that  those  Avho  ate  of  the  outer  portions  of  the  mass  were  not 
at  all  affected,  Avhile  those  avIio  consumed  the  inner  portions  died.  In 
other  words,  these  early  investigators  learned  that  the  development  of 
the  poison  occurs  under  anaerobic  conditions,  and  this  has  been  con- 
firmed by  the  latest  investigations.  Some  of  these  older  physicians  Avere 
keen  enough  to  make  note  of  the  fact  that  the  poison  Avas  not  likely  to  be 
found  in  sausage  links  AA'hich  Avere  not  packed  full  and  Avhich  contained 
air.  These  procedures  in  the  preparation  of  the  Avinter's  meat  appar- 
ently liaA'e  been  practiced  by  German  tribes  as  far  back  as  Avritten 
records  go.  The  Emperor  Leo,  knoAvn  as  "The  Wise"  and  as  "The 
Philosopher"  (886-911  A.D.),  issued  an  edict  under  the  title,  Ne  ex 
Sanguine  Cihus  Conficiatnr,  in  which  he  stated  that  the  knowledge  having 
come  to  his  majesty's  ears  that  certain  people  Avithin  the  empire  were 
in  the  habit  of  packing  links  of  intestines  Avith  blood  and  subsequently 
eating  it,  the  honor  of  the  empire  cannot  permit  such  criminal  procedure 
due  to  the  gluttony  of  man.  He,  therefore,  ordered  that  anyone  AA^ho 
should  be  found  thus  preparing  and  eating  blood  preparations  should  be 
stripped  to  the  skin,  scA'^erely  flogged  and  banished  from  the  country. 
On  going  over  the  earlier  German  literature  on  botulism  one  is  struck 
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with  the  accurate  observation  of  symptoms  and  the  clearness  with  which 
this  disease  was  distinguished  from  all  others.  Before  trichinae  had 
been  recognized  a  differential  diagnosis  founded  on  symptomatology  had 
been  clearly  made  between  trichinosis  and  botulism.  The  main  points 
are  set  forth  in  Table  IV. 

Table  IV 


TRICHINOSIS 


BOTULISM 


(1)  The  earliest  symptoms  appear  af- 
ter forty-eight  hours,  generally 
later,  and  consist  of  gastrointes- 
tinal disturbances. 

(2)  When  the  number  of  trichinae  in- 
troduced into  the  body  is  small 
indigestion  symjDtoms  fail  alto- 
gether or  appear  late. 

(3)  There  may  be  constipation  during 
the  first  days,  but  after  this  there 
is  long  continued  diarrhea. 

(4)  Sometimes  the  disease  begins  with 
diarrhea. 

(5)  By  the  seventh,  sometimes,  not 
until  the  tenth,  day  there  is  edema 
of  the  eyelids  and  later  of  the  face. 

(6)  No  paralysis  of  the  upper  eyelids. 

(7)  Frequent  conjunctival  catarrh, 
with  redness  and  infiltration  of 
the  cornea. 

(8)  The  secretion  of  the  tears  is  not 
arrested. 

(9)  The  eyes  are  not  dry. 

(10)  Eesponse  to  light  is  increased. 

(11)  In  many,  but  not  in  all,  cases  the 
pupil  is  dilated. 

(12)  Pain  in  the  eyes  when  moved,  es- 
pecially when  turned  upward. 

(13)  No  paralysis  of  the  eye  muscles, 
but  not  seldom  there  is  difficulty 
in  movement  on  account  of  inflam- 
mation. 

(14)  Double  vision  rare. 

(15)  Fever  in  all  cases. 

(16)  The  pulse  beats  from  70  to  130. 

(17)  The  heart  beat  is  strong, 

(18)  There  is  an  evening  elevation  of 
pulse  and  temperature. 

(19)  The  temperature  ranges  from  38" 
to  41°. 

(20)  There  is  great  thirst. 

(21)  Sleep  is  not  restful  and  sleepless- 
ness is  the  rule. 

(22)  The  muscles  of  the  neck  and  back 
and  those  of  the  joints  swell  and 
are  painful  on  movement. 


(1)  Symptoms  usually  appear  between 
twelve  and  twenty-four  hours  and 
consist  of  gastrointestinal  disturb- 
ances. 

(2)  The  secondary  symptoms  of  intoxi- 
cation usually  appear  on  the  second 
or  third  day. 

(3)  There  may  be  diarrhea  for  the  first 
few  days  and  this  is  followed  by 
prolonged  constipation. 

(4)  Sometimes  the  disease  begins  with 
constipation. 

(5)  No  edema  of  either  eyelids  or  face. 


(6)  Paralysis  of  the  upper  eyelids  in 
all  severe  cases. 

(7)  No  conjunctival  catarrh. 


(8)  The   secretion   of   the   tears   is  ar- 
rested. 

(9)  The  eyes  are  dry. 

(10)  No  response  to  light. 

(11)  In  all  cases  the  pupil  is  widely 
dilated. 

(12)  No  pain  on  movement  of  the  eyes. 

(13)  Paralysis  of  motion  of  the  eye 
muscles  is  common.  There  is  never 
inflammation. 

(14)  Double  vision  frequent. 

(15)  Fever  very  rare. 

(16)  The  pulse  usually  ranges  from  40 
to  60. 

(17)  The  heart  beat  is  scarcely  percep- 
tible. 

(18)  No  evening  elevation  of  pulse  or 
temperature. 

(19)  The  temperature  is  below  normal. 

(20)  Thirst  is  moderate  and  sometimes 
absent. 

(21)  Sleep  is  in  most  eases  restful. 

(22)  There  is  no  swelling  of  the  mus- 
cles or  pain  either  at  rest  or  in 
movement. 
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(23)  Best  is  found  only  by  lying  on 
the  back  with  the  extremities 
slightly  flexed. 

(24)  There  is  usually  profuse  perspira- 
tion. 

(25)  The  skin  is  always  moist. 

(26)  Frequently  there  are  exanthems, 
urticarial  and  often  miliary. 

(27)  Sometimes  there  is  slight  delirium. 

(28)  The  patient  lies  on  his  back,  mo- 
tionless, with  flexed  arms  and  legs. 
The  face,  especially  the  eyelids,  is 
swollen. 

(29)  The  arms  and  legs  cannot  be  ex- 
tended without  pain  and  the  mouth 
cannot  be  opened  wide. 

(30)  Tlie  patient  complains  of  pain  in 
the  arms,  legs,  and  back. 


(23)  Any  position  is  comfortable. 


(24)  Perspiration  is  seldom  observable. 

I 

(25)  The  skin  is  always  dry. 

(26)  Exanthems  are  never  observable. 

(27)  No  delirium. 

(28)  The  patient  sits,  walks,  or  lies  as 
he  pleases.  Only  in  the  most  se- 
vere cases  is  he  confined  to  bed. 
Every  position  is  possible.  Face 
and  eyelids  are  not  swollen. 

(29)  The  arms  and  legs  can  be  extended 
without  pain  and  the  mouth  can 
be  opened  wide. 

(30)  There  is  no  pain  in  the  extremities 
or  in  the  back. 


After  the  discovery  of  trichinae  the  microscopic  examination  was  found 
sufficient  to  make  a  differential  diagnosis. 

Since  1870  reports  of  outbreaks  of  botulism  in  Germany  have  not  been 
so  frequent  and  the  inference  has  been  drawn  that  on  account  of  more 
scientific  methods  of  food  preparation  this  accident  has  become  rare  in 
that  country.  Bitter,  writing  in  1919,  states  that  botulism  in  Prussia  is 
not  rare  and  that  the  number  of  cases  is  much  larger  than  the  official 
reports  indicate.  In  1904  Fischer  reported  an  outbreak  at  Darmstadt, 
which  is  of  special  interest,  inasmuch  as  for  the  first  time  the  presence 
of  the  toxin  was  recognized  in  a  food  which  contained  no  meat.  The 
fatal  dish  consisted  of  a  bean  salad  prepared  in  a  cooking  school  and 
canned  three  months  before  it  was  served.  When  the  can  was  opened 
it  was  noticed  that  the  contents  had  a  rancid  odor,  which  became  more 
pronounced  on  the  addition  of  vinegar,  but  the  food  was  only  rinsed  and 
was  served  without  being  heated.  Of  the  21  people  who  ate  of  this  salad, 
all  were  ill  and  11  died.  A  strain  of  bacillus  botulinus  was  obtained 
from  these  beans  and  yielded  a  toxin  which  killed  guinea  pigs  in  doses 
of  0.0003  c.c.  Savage  says  (1920)  that  he  is  unable  to  trace  the  existence 
of  a  single  outbreak  in  Great  Britain. 

Eecently  (1922)  there  have  been  in  Great  Britain  several  outbreaks  of 
botulism.    Meyer  has  found  the  spores  in  English  soil. 

A  great  advance  in  our  knowledge  of  botulism  was  made  by  van 
Ermengem,  who  obtained  cultures  of  bacillus  botulinus  from  a  ham  which 
in  1895  caused  illness  in  23  persons,  with  three  deaths,  at  EUezelles, 
Belgium.  Aqueous  extracts  of  the  ham  and  cultures  of  the  bacillus  in- 
duced classical  symptoms  of  botulism  in  monkeys,  rabbits,  cats,  guinea 
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pigs,  and  pigeons.  Van  Ermengem  ascertained  that  this  bacillus  is  a 
saprophyte  and  that  its  harmful  effects  are  due  to  a  true  toxin  which  is 
elaborated  under  anaerobic  conditions  in  the  food  before  it  is  consumed. 
A  discussion  of  this  bacillus,  its  toxin  and  the  antitoxin  will  follow  later. 
Geiger,  of  the  Public  Health  Service,  has  kindly  furnished  us  with 
the  following  list  of  outbreaks  of  botulism  known  to  have  occurred  in 
the  United  States  and  Canada: 


HUMAN  BOTULISM  IX  CALIFOENIA 

H.  C.  =  Home  Canned,  Com.  =  Commercially  Canned. 

"A" — Single  cases  or   those  occurring  in  groups   or   families  proved   by  Bacteriologic 

and  Toxicologic  Tests. 

Cases     Deaths 


1.  String  Beans 

2.  String   Beans 
o.  Spinach 

4.  Spinach 

5.  Apricots 
'j.  Corn 

7.  Olives,  Minced 


(H.  C.)  Jan. 

(H.  C.)  Jan. 

(Com.)  Oct. 

(Com.)  June 

(H.  C.)  Jan. 

(H.C.)  Jan. 

(Com.)  Feb. 


1916,  San  .Jose 

1917,  Escondido 

1920,  Oakland 

1921,  San  Diego 

1918,  ]\[adera 
1917,  Corning 
1920,  Eichmond 


1 

1 

7 

4 

(3 

3 

1 

0 

S 

6 

1 

0 

1 

1 

-Clinically   typical   cases   single   or   in   groujis   and   families,   causative 
signed  on  epidemiologic  grounds  only. 


food 


8. 

String- 

Beans 

(Com. 

)   May 

1910, 

Oroville 

9. 

String 

Beans 

(H.C. 

1912, 

Amador  Co. 

10. 

String 

Beans 

(H.  C. 

Nov. 

1913, 

Stanford  Univ. 

11. 

String 

Beans 

(H.  c; 

July 

1916, 

San  Pasqualc 

12. 

String 

Beans 

(H.C. 

Feb. 

1918, 

Los  Angeles 

]3. 

String 

Beans 

(H.  c: 

Feb. 

1918. 

Oakdale 

14. 

String 

Beans 

(H.  c; 

May 

19is; 

Fresno 

1.1. 

String 

Beans 

(H.  C. 

Dec. 

1919, 

San  Eafael 

1(3. 

String 

Beans 

(H.  .C.) 

Dec. 

1919, 

Los  Angeles 

17. 

String 

Beans 

(H.C. 

)  Jan. 

1920, 

Los  Angeles 

18. 

String 

Beans 

(H.  C] 

Apr. 

1920, 

Los  Angeles 

19. 

Kipe  Olives 

(Com.^ 

Feb. 

1920, 

Los  Angeles 

20. 

Minced  Olives 

(Com. 

Oct. 

1918, 

Napa 

21. 

Minced  Olives 

(Com.: 

Dec. 

1920, 

Los  Angeles 

22. 

Apricots 

(H.  G. 

)   Marc 

h  191.5, 

Fallbrook 

23. 

Apricots 

(H.  C.^ 

Jan. 

1918, 

San  Bernardino 

24. 

Pears 

(H.  C: 

Jan. 

1910, 

Sawtolle 

2.1. 

Pears 

(H..C. 

)   March  1918, 

Colton 

26. 

Asparagus 

(H.  C: 

Nov. 

1915, 

Sacramento 

27. 

Corn 

(Com.^ 

Apr. 

1918, 

San  Eafael 

28. 

Homeb 

rew 

Sept. 

1919, 

■Colusa 

29. 

Tamale  (beef) 

May 

1899, 

Los  Angeles 

30. 

Beef 

Nov. 

1902, 

San  Francisco 

31. 

Calf's 

Head 

A^inegarette 

(H.C.^ 

1913, 

Los  Angeles 

32. 

Pork  and  Beans 

(Com.) 

Dec. 

1906, 

Los  Angeles 

33. 

Ham   ("Home  cured) 

Oct. 

1917, 

Los  Angeles 

.34. 

Sausag 

e 

(Com.: 

.Jan. 

1915, 

Los  Angeles 

35. 

Clam  Juice 

(Com.^ 

Oct. 

1913, 

San  Francisco 

36. 

Clam  broth 

(Com.^ 

1912, 

San  .Jose 

37. 

Tuna 

(Com.: 

Feb. 

1918, 

Los  Angeles 

38. 

Probably  fish  pickled 

in  vinegar 

(H.  c: 

July 

1921, 

San  Jacinto 

39. 

Cottage    Cheese 

(H.C. 

)  June 

1912, 

Long  Beach 

Cases 

Deaths 

4 

4 

6 

5 

12 

1 

1 

0 

1 

1 

1 

1 

1 

1 

4 

4 

1 

1 

1 

1 

•       1 

1 

1 

0 

o 

o 

5 

0 

5 

5 

2 

2 

12 

11 

1 

-      0 

1 

1 

1 

0 

5 

4 

1 

0 

7 

3 
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•C" — Cases  of  Botulism — causative  food   uukuown. 


40. 
41. 


42. 

4 

44 

4 


Anatomically 

or 
Bacteriologically 
oved 


I 

;    pr 
.3.     '      Clinically  proved 


May      1916,  San  Francisco 


April     1921,  San  Luis  Obispo 

1913,  Hornbrook 
March  1913,  Los  Angeles 
Nov.      1919,  Berkeley 
Sept.      1920,  Corning 


Cases 

Deaths 

1 

1 

1 

1 

1 

1 

1 

1 

3 

0 

1 

n 

HUMAN  BOTULISM  IN  WASHINGTON 

'A" — Single   cases  or  those  occurring  in  groups  and  families  proved   by  Bacterio- 

logic  and  Toxicologic  Tests. 


Cases 

Death 

46.  String  Beans 

(H.  C. 

Feb. 

1921, 

Seattle 

1 

1 

47.  Asparagus 

(H.  C, 

Nov. 

1917, 

Seattle 

3 

3 

48.  Spinach 

(H.  c; 

May 

1919, 

McKenna 

3. 

3 

49.  Corn 

(H.  C. 

)    April 

1921, 

Yakima 

1 

1 

50.  Corn 

(H.  C. 

Jan. 

1916, 

Yakima 

1 

1 

51.  Corn 

(H.  C. 

)   Nov. 

1917, 

Yakima 

1 

1 

52.  Corn 

(H.  C. 

)  Dec. 

1918, 

Yakima 

1 

0 

53.  Asparag-us 

(H.  c: 

Nov. 

1910, 

Yakima 

6 

3 

54.  Spinach 

(H.  c: 

April 

1921, 

Yakima 

2 

2 

55.  Milk 

(Com. 

Oct. 

1920, 

Yakima 

4 

0 

56.  Asparagus 

(H.  C' 

)   Oct. 

1921, 

Walla  Walla 

1 

1 

57.  Corn 

(H.  C. 

)   Oct. 

1921, 

Yakima 

1 

1 

58.  Unknown 


'B"— Case   Clinically   Typical 
Nov.     1919,  Monroe 


Cases     Deaths 
1  1 


HUMAN  BOTULISM— UNITED   STATES  AND   CANADA,   OUTSIDE   OF 
CALIFORNIA  AND  WASHINGTON 

A" — Single    cases   or   those    occurring   in   groups    and    families   proved   by    Bacterio- 
logic  and  Toxicologic  Tests. 


59.  Ripe  Olives 

60.  Ripe  Olives 

61.  Ripe  Olives 

62.  Ripe  Olives 

63.  Ripe  Olives  stuffed 
with  Pimento 

64.  Ripe  Olives 

65.  Spinach 

66.  Spinach 

67.  Spinach 

68.  Corn 

69.  Asparagus 

70.  Beets 

71.  String  Beans 

72.  Ham  (Preserved  at  home) 

73.  Sausage   (Home  prepared) 

74.  Summer  Sausage  (Com.)   Dec. 

75.  Cottage  Cheese 

(Home  prepared)  Oct. 


(Com.) 

Aug. 

(Com.) 

Oct. 

(Com.) 

Jan. 

(Com.) 

Feb. 

(Com.) 

Nov. 

(Com.) 

June 

(Com.) 

Jan. 

(Com.) 

Jan. 

(Com.) 

Feb. 

(H.  C.) 

Oct. 

(H.  C.) 

Jan. 

(Com.) 

May 

(H.C.) 

Feb. 

1919,  Canton,  Ohio 

1919,  Detroit,  Mich. 

1920,  New  York  City 

1920,  Memphis,  Tenii., 

1919,  Java,  Montana 

1921,  Greensburg,   Pa. 
1921,  Grand  Rapids,  Mich. 
1921,  Battle  Creek,  Mich. 
1921,  Mishawaka,   Ind. 

1915,  Hillsboro,  Ore. 
1918,  Boise,  Idaho 

1920,  Florence,  Arizona 

1918,  Decatur,  Indiana 

1916,  Tampa,  Fla. 
1912,  Lowell,  Mass. 

1919,  Milwaukee,  Wise. 

W14,  Rural    N.    Y.    State 


Cases 
14 
7 
5 

7 

7 

29 
5 

2 
1 
4 
5 
7 
7 
4 
3 


Deaths 

7 
5 
5 

7 
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-Cliuically  typical  cases,   single   or  iu  groups  and  families,   causative  food  as- 
signed on  epidemiologic  grounds  only. 


76. 

77. 

78. 
79. 

80. 
81. 

82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 


90. 

91. 


String  Beans  (Com.) 
String  Beans 

or  Spinach  (Com. 

String  Beans  (H.  C. 

String  Beans  (H.  C. 

String  Beans  (H.  C. 

Corn  (H.  C. 

Corn  (H.  C. 

Beets  (H.  C. 

Possibly  Beets  (Com. 

Tomato  Catsup  (Com. 

Spinach  (Com. 

Minced  Chicken  (?) 

Ham  (Com.) 
Smoked     Ham     and 
Salted  Pork   (Home 
prepared) 
Unknown 
Unknown 


1915,  Basalt,  Colo. 


Oct. 

Dec. 

Oct. 

March 

Nov. 

Jan. 

April 

May 


1912, 

1917, 

1918, 

1918, 

1917, 

1920 

1921, 

1919, 


April  1920, 
May  1913, 
June      1920, 


Eomley,  Colo. 
Ontario,  Ore. 
Klamath  Palls,  Ore. 
Newark,  N.  J. 
New  York  State 
Pittsburgh,  Pa. 
Pueblo,  Colo. 
Dawson  City 
Cook  Co.,  111. 
New  York  City 
Boston,  Mass. 
Maine 


Nov.     1919,  Sioux  Eapids,  la. 
May     1916,  Boston,  Mass. 
April    1918,  New  York  City 


7 

5 

1 

1 

1 

1 

3 

2 

7 

5 

4 

3 

5 

3 

}3 

12 

2 

0 

2 

2 

1 

0 

4 

4 

5 

3 

1 

0 

1 

0 

THE  FOLLOWING  IS  A  LIST  OF  THE  LATEST  OUTBEEAIvS 
(UNCLASSIFIED) 


92.  Spinach 

93.  Spinach 

94.  Corn  (Home  canned 
in   pressure    cooker) 

95.  String  Beans 

96.  String  Beans 

97.  String  Beans 

98.  Spinach  (Beet  and 
Turnip  Tops  Home 
canned) 

99.  Corn 

100.  Corn 

101.  UnknoYv^n 

102.  String  Beans 

103.  Chili  Sauce 


(Com.)  March  1922,  Kendal ville,  Ind. 
(Com.)   Jan.      1922,  Canaan,  Ohio 


Feb. 
(H.  C.)  Dec. 
(H.  C.)  Jan. 
(H.  C.)  Feb. 


1922,  Wieser,  Idaho 

1921,  Grants  Pass,  Ore. 

1922,  San  Francisco,  Cal. 
1922,  Healdsburg,  Cal. 


Jan.      1922,  Cambridge,  Idaho 
(H.  C.)   March  1922,  near  Cheyenne,  Wyo. 
(H.  C.)   May     1922,   Near  Yakima,  Wash. 

May  1922,  Livermore,  Cal. 
(H.  C.)  May  1922,  Templeton,  Cal. 
'(H.  C.)   June     1922,   Watsonville,  Cal. 


Cases 

Deaths 

8 

4 

2 

2 

1 

1 

1 

1 

2 

2 

3 

3 

8 

6 

1 

1 

1 

1 

1 

1 

1 

0 

2 

2 

The  symptoms  of  botulism  as  manifested  in  this  country  are  prac- 
tically identical  with  those  long  known  and  closely  studied  in  Germany. 
It  seems  that  the  pulse  rate  in  cases  in  this  country  is  frequently  much 
higher  than  that  given  in  the  classical  German  writings.  Most  of  the 
European  authors  say  that  the  pulse  rate  is  low,  frequently  from  40  to 
60.    In  this  country  it  frequently  runs  as  high  as  150. 

We  have  excluded  from  the  above  list  all  cases  in  which  there  has 
been  continued  fever.  One  such  case  is  that  reported  by  Lewis,  in  which 
fever  persisted  for  five  and  one-half  weeks,  the  temperature  curve  going 
as  high  as  105°  and  falling  as  low  as  96.°  In  this  instance  there  were 
certain  well-marked  symptoms  of  botulism,  such  as  diplopia,  ptosis,  and 
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dysphagia.    This  may  have  been  a  case  of  botulism,  but  if  it  were,  in  our 
opinion,  it  was  complicated  with  some  other  disease. 

The  Sawtelle  cases  reported  by  Peck  were  due  to  home  canned  pears. 
These  had  been  prepared  by  the  mother  in  the  preceding  September  and 
in  January,  1910,  they  were  served  as  the  special  dessert  at  a  family 
dinner.  About  24  hours  after  the  dinner  Peck  first  saw  the  mother  and 
infant  child.  He  found  the  woman  sitting  in  a  chair,  holding  the  child  in 
her  lap,  and  gives  the  following  description  of  her  condition : 

"The  womau's  head  seemed  to  be  loose  upon  her  shoulders  when  she  tried  to  move 
it;  marked  incoordination  of  the  muscles  of  the  neck  was  strongly  in  evidence.  Her 
head  was  bowed  partially  upon  her  chest,  in  which  position  she  held  it  most  of  the 
time.  Her  cheeks  bore  a  slight  deadly  flush,  but  did  not  indicate  fever.  Her  eyes 
were  ahnost  closed;  the  lids  appeared  to  be  wearied.  Her  general  appearance  gave 
the  impression  of  life  struggling  with  death  in  a  losing  battle.  The  mouth  was  slightly 
open,  from  which,  with  her  handkerchief,  she  was  continually  removing  the  fast  form- 
ing saliva,  wliich  was  quite  thick  and  tenacious.  Upon  examination  of  her  tongue,  it 
appeared  thicker  than  normal  and  was  evidently  slightly  paralyzed.  She  moved  it  with 
difficulty.  It  was  covered  with  a  heavy  white,  foul  coating.  She  complained  of  her 
throat,  saying  that  it  felt  badly,  and  that  she  could  not  swallow  without  difficulty. 
She  could  not  swallow  even  a  teaspoonful  of  water  without  choking  violently.  She  was 
asked  if  she  felt  any  pain  in  any  part  of  her  body  and  she  replied  that  she  did  not, 
only  some  aching  above  the  eyes.  She  complained  that  she  could  not  see  good  and  that 
there  was  a  mist  before  her  eyes.  Upon  examination  the  pupils  were  found  dilated, 
but  accommodation  at  this  time  appeared  nearly  normal,  but  reflex  to  light  was  quite 
deficient.  Her  temperature  was  slightly  subnormal,  pulse  120,  weak  but  regular;  res- 
piration between  25  and  30  and  quite  irregular.  She  talked  with  great  difficulty. 
The  action  of  the  kidneys,  as  near  as  could  be  ascertained,  was  and  had  been  fairly 
good.  The  skin  was  slightly  moist,  rather  cool,  and  felt  unnatural.  There  was  no 
recognizable  paralysis  of  the  arms,  hands  or  lower  extremities,  but  incoordination  was 
evident  when  she  arose  and  attempted  to  walk.  Vomiting  had  occurred  but  once, 
slightly  and  only  with  the  first  symptoms.  Elimination  by  the  bowels  had  become  nil, 
neither  could  it  or  vomiting  be  induced  from  this  time  forward  by  any  course  of  treat- 
ment to  any  extent,  so  far  as  to  be  of  any  practical  benefit.  The  woman  presented 
the  appearance  of  laboring  under  the  influence  of  extreme  alcoholic  intoxication,  ex- 
cept that  her  intellect  was  clear,  and  her  ideas  presented  in  a  perfectly  normal  manner. 
She  was  persuaded  with  difficulty  to  go  to  bed,  and  when  she  was  placed  there  she 
refused  to  lie  down  and  was  placed  in  a  reclining  position,  supported  with  pillows. 
*  *  *  After  the  patient  was  placed  in  bed  she  slowly  grew  weaker,  the  pulse  slightly 
more  rapid  and  weak,  the  respiration  more  frequent  and  about  two  hours  before  the 
end  she  fell  gradually  into  a  quiet  and  peaceful  slumber,  but  which  lacked  the  impress 
of  a  normal  repose.     She  died  at  10:30  p.  m.  on  the  next  day." 

In  the  11  fatal  cases  resulting  from  this  outbreak,  the  average  time 
from  eating  the  pears  until  the  first  symptoms  were  observed  was  about 
23  hours ;  the  minimum,  two  hours  for  a  boy  of  eight  years  who  had 
eaten  three  helpings  of  the  pears,  and  the  maximum,  30  hours.  The 
average  time  from  eating  the  fruit  until  death  was-  40  hours ;  the  maxi- 
mum, 63,  and  the  minimum,  25. 
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The  Colorado  cases  reported  by  Curfman  showed  the  typical  symptoms 
of  dizziness,  diplopia,  ptosis,  dilatation  of  the  pupils,  paralysis  of  ac- 
commodation, difficulty  in  swallowing  and  talking,  with  eventually  com- 
plete aphonia  in  the  fatal  eases,  marked  in  all  by  general  weakness  and 
constipation.  The  temperature  was  subnormal,  but  the  pulse  rate  was 
above  100.  Two  died  within  48  hours;  one  on. the  third  day;  one  on  the 
sixth  day,  and  one  two  weeks  after  eating  the  canned  spinach.  In  one 
of  the  cases  which  recovered,  the  patient  was  unable  to  comb  her  hair 
for  four  weeks  and  could  not  Avalk  "without  assistance  for  six  weeks. 
Indeed,  three  months  after  the  poisonous  meal  this  patient  was  unable 
to  read  or  to  do  any  close  Avork.  Curfman  states  that  five  burros  that 
ate  the  remnants  of  this  meal  died  after  developing  symptoms  similar 
to  those  observed  in  the  patients. 

Botulism  in  Animals. — Graham  and  his  coworkers  have  apparently 
demonstrated  that  certain  forms  of  so-called  forage  poisoning  in  horses 
and  mules  are  in  reality  botulism.  As  early  as  1901,  it  was  suggested  by 
Pearson  that  forage  poisoning  in  domestic  animals  might  be  a  form  of 
botulism  and  this  was  emphasized  by  Mohler  in  1914.  The  first  experi- 
mental work  along  this  line  was  done  by  Buckley  and  Shippen  in  1916. 
A  full  discussion  of  this  subject  will  be  found  in  the  reports  by  Graham 
and  his  confreres.  They  found  that  B.  botulinus  administered  to  horses 
and  mules  in  wholesome  food  causes  symptoms  and  lesions  closely 
resembling,  if  not  identical  with,  those  recognized  in  natural  outbreaks 
of  forage  poisoning  as  seen  in  central  Kentucky.  B.  botulinus  grows 
and  develops  its  toxin  in  corn  silage,  alfalfa  and  corn  extracts  when 
made  slightly  alkaline.  Anaerobic  organisms  resembling  B.  botulinus 
were  obtained  from  horses  dying  of  forage  poisoning.  Antitoxin  pre- 
pared against  B.  botulinus  protected  guinea  pigs  against  the  toxin  of 
the  organisms  found  in  the  silage.  Graham  and  his  companions  are  quite 
certain  that  the  organism  found  in  silage  and  to  which  certain  cases  of 
forage  poisoning  are  due,  is  closely  related  to,  and  is  probably  a  strain 
of,  the  B.  botulinus  which  is  responsible  for  food  poisoning  in  man.  It 
seems  that  in  silos  there  is  enough  carbonic  acid  generated  to  reduce  the 
oxygen  content  sufficiently  to  permit  of  the  growth  of  the  anaerobic  bacillus 
botulinus.  This  is  a  matter  both  of  public  health  and  of  economic  impor- 
tance. If  the  researches  of  Graham  turn  out  as  they  noAv  promise,  there 
will  be  opportunity  for  the  saving  of  the  lives  of  many  animals.  It  is 
stated  that  in  Missouri  alone  thousands  of  mules  die  yearly  from  forage 
poisoning.  It  is  probable  that  forage  poisoning  includes  not  only  cases 
of  botulism,  but  other  diseases  as  well. 

Graham  and  Schwarze  have  extended  these  studies  and  applied  them 
to  cattle.     Thev  found  an  anaerobic  bacillus  biologicallv  related  to  B. 
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Ijotuliuus  (Type  Bj  in  corn  sihigc.  A  lierd  of  18  cattle  feeding  on  tills 
silage  developed  symptoms  of  forage  poisoning  and  four  of  the  animals 
died.  When  the  remaining  animals  were  "withdrawn  from  this  food  they 
regained  their  health  and  continued  free  from  any  evidence  of  disease. 
An  antitoxin  prepared  from  B.  botulinus  (Type  B)  protected  guinea  pigs 
against  lethal  doses  of  the  toxin  produced  by  the  anaerobic  bacillus  iso- 
lated from  the  corn  silage. 

Geiger  is  of  the  opinion  that  certain  forms  of  forage  poisoning  in 
horses  are  probably  true  botulism.  He  says  that  spoiled  vegetables,  or 
ensilage,  caused  four  different  outbreaks  in  which  the  presence  of  B. 
botulinus  and  its  toxin  was  proved  indirectly  by  immunization  experi- 
ments or  by  the  coincident  occurrence  of  botulism  in  human  beings  or 
fowls.  Chickens  often  die  in  large  numbers  from  feeding  upon  discarded 
food  containing  the  toxin.  Botulism  in  cats,  dogs,  goats,  and  hogs  is 
rare,  though  cases  have  been  reported. 

The  Bacillus. — While  there  are  certain  morphologic  and  biologic  varia- 
tions in  the  different  strains  of  bacillus  botulinus,  they  have  enough  in 
common  to  render  a  genei-al  desci-iption  fairly  accurate.  This  bacillus 
is  a  large  one,  from  4  to  9  microns  in  length  and  from  0.9  to  1.2  microns 
broad.  Generally  the  ends  are  rounded  and  often  two  or  more  individ- 
uals are  attached  end  to  end,  occasionally  forming  long  threads.  In 
hanging  drops  in  the  presence  of  air  these  bacilli  show  a  slight  motility. 
They  carry  from  four  to  eight  flagella,  distributed  along  the  sides.  They 
are  gram-positive,  but  in  decolorizing  care  must  be  taken  that  they  are 
not  left  too  long  in  the  alcohol.  In  various  oxygen-free  media  and  at 
temperatures  ranging  from  20°  to  35'  C.  they  form  spores,  generally 
at  the  ends,  more  rarely  in  the  middle.  When  grown  under  hydrogen 
in  glucose  gelatin  they  form  round,  transparent,  slightly  yellow  colonies 
consisting  of  slightly  motile  individuals.  These  colonies  are  surrounded 
at  first  hy  small  fluid  zones ;  later  they  become  more  brown,  lose  their 
transparency,  and  show  thorn-like  projections.  In  still  older  cultures, 
the  edges  of  the  colonies  are  nicked  and  are  marked  by  more  or  less 
branched  extensions. 

Stick  cultures  in  glucose  agar  or  gelatin  evolve  large  quantities  of 
gas,  which  breaks  up  the  medium.  In  the  gelatin  tubes  there  is  complete 
liquefaction  with  the  formation  of  foam.  At  the  same  time  the  bacilli. 
in  the  form  of  large  white  floccules,  sink  to  the  bottom,  leaving  the 
liquefied  gelatin  perfectly  clear.  In  oxygen-free  glucose  bouillon  the 
growth  of  this  bacillus  is  at  first  cloudy  but  later  becomes  clear,  giving 
off  during  this  process  more  or  less  abundant  quantities  of  gas,  which 
consists  of  hydrogen,  carbonic  acid,  and  methane.  In  oxygen-free 
bouillon  containing  milk  or  cane  sugar  instead  of  glucose,  there  is  only 
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a  moderate  growth  and  no  evolution  of  gas.  Van  Ermengem  recommends 
for  abundant  growth  and  the  production  of  active  toxin,  a  medium  con- 
sisting of  finely  chopped  meat  and  water,  equal  parts,  with  the  addition 
of  2  per  cent  glucose,  1  per  cent  pepton,  and  1  per  cent  common  salt. 
This  medium  should  be  rendered  slightly  alkaline,  covered  with  a  layer 
of  fat  or  vaselin,  boiled,  rapidly  cooled,  and  then  inoculated.  In  this 
medium  growth  rapidly  proceeds,  Avith  the  abundant  evolution  of  gas, 
at  from  25°  to  30°  C.  In  bouillon  gelatin  or  agar,  or  in  media  which  do 
not  contain  grape  sugar,  growth  is  less  abundant,  involution  forms  ap- 
pear and  the  bacillus  dies  in  a  short  time.  Cultures  of  this  kind  are 
not  markedly  toxic.  In  order  to  obtain  a  highly  toxic  culture,  van 
Ermengem  used  a  medium  prepared  from  a  calf's  liver.  He  also  found 
that  fairly  abundant  and  toxic  cultures  could  be  prepared  from  an 
exclusive  vegetable  medium,  such  as  green  peas,  potatoes,  beans,  etc., 
to  which  a  little  pepton  and  common  salt  were  added.  If  to  these  vege- 
table preparations  grape  sugar  is  added,  the  production  of  gas  is  more 
abundant  and  the  elaboration  of  toxin  more  in  evidence. 

Meyer  and  his  coworkers,  after  many  experiments,  have  chosen  as  most 
suitable  for  the  enrichment  of  B.  botulinus  a  preparation  made  as  follows: 
(1)  Take  1,000  grams  of  finely  ground,  fat-free  beef  heart;  stir  in  1,000 
c.c.  of  tap  water;  slowly  heat  to  boiling;  adjust  to  a  reaction  of  Ph  8.0-8.2 ; 
then  cool  and  skim  off  the  supernatant  fat.  (2)  "Wash  and  mince  finely 
five  or  more  large  pigs'  stomachs  with  an  equal  amount  of  pig's  or  beef 
liver  according  to  the  following  formula:  Minced  pig's  stomach,  400 
grams;  minced  liver,  400  grams;  hydrochloric  acid  (Baker  Chemical 
Company),  40  grams;  tap  water  at  50°  C,  4,000  grams. 

Keep  the  mixture  in  glass  or  porcelain  receptacles  for  from  18  to  24 
hours.  When  both  the  biuret  and  tryptophan  tests  become  positive  the 
digest  has  a  green  yellowish  color  and  contains  but  little  undigested 
debris.  Transfer  to  large  bottles  and  steam  for  ten  minutes  in  order  to 
arrest  digestion.  Strain  digest  material  through  cotton  or  allow  to  stand 
overnight  in  the  ice-chest  and  decant  after  24  hours.  Warm  the  de- 
canted digest  to  70°  C.  and  neutralize  with  sodium  carbonate  to  litmus 
at  this  temperature.  Filter  the  desired  amount.  Add  .2  per  cent  dibasic 
potassium  phosphate.  Adjust  to  Ph  7.4  and  to  two  parts  of  this  prepara- 
tion add  one  part  of  No,  1.  Adjust  the  final  reactions  and  sterilize  for 
one  hour  at  18  pounds  pressure.  Incubate  for  five  daj^s  and  re]3eat  ster- 
ilization at  the  same  pressure.    Meyer  says: 

' '  The  beef  heart  peptic  digest  liver  broth  can  be  autoclavcd  without  inducing  changes 
in  the  reaction  or  in  tlie  growth  supporting  and  enhancing  properties  of  the  enricliment 
mediums.  The  optimum  reaction  of  this  medium  is  a  F^  of  7.0-7.4.  *  *  *  Eepeated 
attempts  to  isolate  B.  botulinus  in  a  pure  state  from  positive  enrichment  cultures  in 
van  Ermengem 's  medium  were  either  not  successful  or  were  in  comparison  with  those 
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made  from  beef  heart  mediums  considerably  more  difficult.  The  principle  of  selective 
heating  could  not  be  applied  to  these  cultures,  probably  on  account  of  the  absence  of, 
or  the  low  heat  resistance  of  the  spores.  These  and  other  observations  led  to  the 
routine  use  of  beef  heart  peptic  digest  liver  broth  for  the  enrichment  and  demonstration 
of  B.  botulinus. " 

Although  bacillus  botulinus  is  an  obligate  anaerobe  and  is  best  grown 
when  all  oxygen  is  excluded,  it  will  thrive  in  media  in  the  presence  of 
certain  other  bacteria  which  consume  the  oxygen.  It  grows  well  in  the 
presence  of  air,  provided  that  there  be  in  the  culture  white  sareines, 
bacillus  subtilis,  oxygen  consuming  organisms.  In  these  preparations 
the  formation  of  toxin  is  as  abundant  as  when  the  bacillus  is  grown  in 
pure  cultures.  It  has  been  shown  by  Tarozzi  that  bacillus  botulinus  can 
apparently  be  grown  as  an  aerobic  organism,  provided  there  is  added  to 
the  bouillon  tube  a  small  piece  of  a  fresh  aseptic  bit  of  animal  or  vege- 
table tissue,  such  as  a  piece  of  the  liver  or  kidney  of  a  guinea  pig  or 
a  small  piece  of  recently  boiled  potato.  These  tissues  absorb  and  hold 
the  oxygen  in  the  tube,  in  this  way  permitting  the  anaerobic  bacillus 
botulinus  to  grow.  We  have  already  seen  that  this  bacillus  will  grow 
and  produce  its  toxin  in  silos  and  this  is  due,  partially  at  least,  to  the 
presence  in  the  fodder  of  oxygen  consuming  microorganisms.  In  part, 
it  is  probably  due  to  the  driving  out  of  the  oxygen  by  carbonic  acid 
gas  and  other  gaseous  products  of  fermentation  taking  place  in  the  silo. 

Meyer  and  his  coworkers  find  that  B.  botulinus  can  grow  in  an  envi- 
ronment which  contains  about  two-thirds  atmospheric  oxygen.  Loosely 
packed  damp  hay  or  soil  inoculated  with  spores  will  become  toxic  in  the 
presence  of  air.  Pure  and  mixed  cultures  grow  abundantly  in  the  beef 
heart  digest  broth,  even  when  it  is  not  stratified  with  vaselin  or  freed 
from  air,  by  heating  before  inoculation.  Such  growths  furnish  toxins 
varying  in  potency  from  10,000  to  50,000  m.l.d.  per  c.c.  for  250  gram 
guinea  pigs. 

It  was  found  by  van  Ermengem  that  the  optimum  temperature  for 
the  growth  of  bacillus  botulinus  lies  somewhere  between  25°  and  30° 
and  at  these  temperatures  the  organism  grows  most  abundantly  and 
produces  the  largest  quantities  of  toxin.  According  to  the  early  experi- 
ments, growth  and  the  production  of  toxin  at  temperatures  above  30° 
C.  were  feeble,  while  at  37°,  even  in  glucose  containing  media  and  in 
the  absence  of  oxygen,  growth  was  found  to  be  exceedingly  slow,  with 
the  formation  of  long  threads  passing  into  involution  forms  and  with 
the  production  of  only  traces  of  toxin.  It  is  quite  evident  that  the  differ- 
ent strains  of  this  bacillus  are  not  uniformly  influenced  by  temperature. 
Armstrong,  Story  and  Scott,  in  studying  the  bacillus  in  ripe  olives  which 
poisoned  people  at  Canton,  Ohio,  found  that  this  organism  grew  best 
and  produced  the  most  toxin  at  a  temperature  of  37°  C.    Tubes  grown  at 
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tliis  temperature  for  nine  days  developed  a  toxin  approximately  200 
times  as  strong  as  an  eleven-day  culture  grown  at  room  temperature. 
The  sterile  filtrate  from  this  nine-day  culture  grown  at  37°  proved 
fatal  to  guinea  pigs  in  doses  of  0.00005  c.c.  A^■llen  administered  intra- 
peritoneally.  In  several  other  outhreaks  in  this  country  it  has  been 
found  that  the  organism  grows  abundantly  and  produces  toxin  in  large 
quantity  at  37^. 

In  a  comparative  study  of  over  100  strains  of  B.  botulinus  from  various 
sources  Mej'er  and  his  confreres  have  shown  that  the  optimum  tempera- 
ture for  growth  and  toxin  production  is  35°  C.  In  the  beef  heart  digest 
medium  the  maximum  potency  of  the  toxin  is  reached  on  from  the  tenth 
to  the  twelfth  day  of  incubation  at  35°  C. 

The  reaction  of  the  medium  on  which  the  best  growths  are  obtainable 
seems  to  xary  with  the  strain.  Van  Ermengem  found  the  Ellezelles 
strain  did  not  groAV  on  media  having  a  decidedly  acid  reaction,  and, 
indeed,  required  a  certain  degree  of  alkalinity  for  the  highest  production 
of  gas  and  the  formation  of  the  most  active  toxin.  Other  observers 
have  worked  with  strains  which  require  for  their  best  production  a 
slightly  acid  reaction,  and,  indeed,  it  appears  that  the  same  strain  from 
time  to  time  varies  in  its  susceptibility  to  the  reaction  of  the  medium  in 
which  it  grows.  Possibly  the  influence  of  other  constituents  of  the 
medium  may  intensify  or  nullify,  as  the  case  may  be,  the  effect  of  the 
reaction.  It  is  of  practical  importance  that  we  should  get  all  the  infor- 
mation possible  concerning  the  influence  of  the  percentage  of  common 
salt  in  the  medium  as  it  affects  the  growth  of  bacillus  botulinus.  A 
small  amount,  from  0.5  to  1  per  cent,  of  common  salt  in  the  medium, 
seems  essential  to  the  growth  of  this  bacillus,  but  the  upper  limit  or 
the  amount  of  common  salt  necessary  to  entirely  inhibit  its  growth  is 
not  determined  with  so  much  certaiiit3\  It  seems  fairly  safe  to  say  that 
bacillus  botulinus  will  not  grow  and,  consequently,  Avill  not  develop  its 
toxin  in  brines  containing  as  much  as  six  per  cent  of  common  salt;  at 
least,  up  to  the  present  time  no  strain  has  been  found  which  Avill  grow 
and  i)roduce  a  toxin  in  brines  of  this  strength. 

As  has  been  stated,  bacillus  botulinus  is  a  spore  producing  organism. 
Van  Ermengem  found  that  the  spores  of  this  bacillus  are  killed  at  unusu- 
ally loAv  temperatures,  not  surviving  85°  for  more  than  one-quarter  and 
80°  for  more  than  one-half  hour.  Apparently,  however,  this  is  not  true 
of  all  sti'ains.  The  Canton,  Ohio,  strain  was  found  to  be  an  abundant  pro- 
ducer of  spores  which  were  quite  resistant  to  heat.  Tubes  heated  to 
100°  0.  for  thirty  minutes  in  an  Arnold  sterilizer  when  incubated  at  37° 
showed  growth  and  gas  formation  on  the  fourth  day;  indeed,  in  order  to 
destroy  the  spores  of  this  organism  it  Avas  found  necessary  to  heat  for 
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a  long  period  at  100°  or  to  autoclave  at  fifteen  pounds  for  fifteen  min- 
utess.  In  old  cultures  the  spores  retain  their  vitality  for  a  long  time, 
even  when  the  reaction  has  become  decidedly  acid.  There  is  no  reason 
why  spores  of  this  organism  in  canned  foods  might  not  retain  their 
vitality  for  years ;  indeed,  this  has  been  found  to  be  the  case  in  cultures 
in  fused  tubes  when  protected  from  light.  The  bacteriologist,  desirous 
of  keeping  his  cultures  active,  should  make  transplantations  every  four 
to  six  weeks. 

It  will  be  seen  from  these  statements  concerning  the  biology  of  bacillus 
botulinus  that  it  is  an  organism  especially  adapted  for  growth  in  canned 
foods.  It  will  thrive  on  most,  if  not  all,  foods  that  are  thus  prepared. 
It  Avill  grow  quite  as  "well  and  produce  toxin  just  as  abundantlj^  on  fruits 
as  it  will  on  meats.  Certain  strains  at  least,  apparentlj^  grow  better  on 
fruits  than  on  meats.  The  Canton  strain  was  not  only  found  in  ripe 
olives,  but  it  proved  to  groAV  abundantly  on  these  olives  when  they  were 
chopped,  sterilized  and  inoculated.  The  bacillus  botulinus  grows  not 
only  on  fruits  and  meats,  but  it  yields  equally  rich  harvests  when  planted 
upon  vegetable  preparations,  such  as  sphiach,  peas,  beans,  etc.;  in  short, 
there  seems  to  be  no  food  material  upon  which  this  organism  will  not 
grow  and  in  wliich  it  will  not  produce  a  toxin,  provided  air  is  excluded 
and  time  enough  is  given  for  the  elaboration  of  the  toxin. 

Bigelow  thinks  that  it  is  not  true  that  B.  botulinus  grows  readily  in 
fruits.  He  holds  that  ripe  olives  are  not  a  typical  fruit.  They  have  a 
A^ery  low  acidity  Avhen  they  are  liarA^ested  and  are  then  soaked  in  sodium 
hydroxid  solution  to  remoA^e  the  tannin  until  the  alkali  reaches  the  pits. 
The  alkali  is  removed  largely  by  Avashing  Avith  Avater  and  the  juice  of  the 
fruit  is  left  neutral  or  slightly  alkaline.  BigeloAv  giA^es  as  his  impres- 
sion that  B.  botulinus  Avill  not  groAV  in  any  of  our  ordinary  fruits.  He 
says  that  it  is  true  the  records  show  that  several  outbreaks  of  botulism 
Avere  caused  by  home  canned  fruits,  but  he  thinks  the  fruits  used  in  these 
cases  were  partially  decomposed  to  start  Avith,  and  he  is  quite  certain 
that  our  statement  that  certain  strains  of  B.  botulinus  apparently  groAv 
better  in  fruits  than  in  meats  is  an  error. 

Geiger,  in  summarizing  one  of  his  case  reports,  makes  the  statement 
that  botulism  can  be  prevented  by  thoroughly  cooking  all  canned  vege- 
tables or  fruits  Avhich  have  not  been  previously  processed  at  high  tem- 
peratures, after  they  are  removed  from  the  container. 

As  van  Ermengem  pronounced  after  his  first  studies,  bacillus  botulinus 
is  a  pathogenic  saprophyte.  Botulism  is  an  intoxication  and  not  an 
infection.  The  bacillus  produces  the  toxin  in  the  food  before  it  is  eaten 
and  not  in  the  body  after  the  organism  has  been  taken  in.  Although  it 
has  been  shoAvn  that  the  spores  of  "certain  strains  may  resist  a  tempera- 
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ture  of  100°  there  is  still  no  evidence  that  multiplication  of  the  organ- 
ism takes  place  in  the  animal  body.  It  should  always  be  borne  in  mind 
that  it  is  not  easy  to  remove  all  the  toxin  from  an  infected  food  by 
washings;  indeed,  this  method  of  separating  the  toxin  from  the  bacillus 
has  been  tried.  In  the  experiments  made  with  the  Canton  strain  the 
organism  was  subject  to  14  separate  washings  in  order  to  remove  every 
trace  of  the  toxin  without  success.  It  will  be  seen  from  this  that  it  is 
practically  impossible  to  wash  a  food  sufficiently  to  free  it  from  any 
contained  toxin. 

The  question  of  the  resistance  of  the  spores  of  this  organism  to  heat  is 
a  matter  of  such  practical  importance  that  it  is  desirable  to  give  greater 
detail  concerning  it.  Burke  has  tested  the  thermal  death  point  of  the 
spores  of  ten  strains  and  finds  that,  while  exposure  to  a  temperature  of 
100°  C.  inhibits  or  retards  the  development  of  the  spores  of  B.  botulinus, 
it  does  not  kill  them.  The  sterilizing  processes  of  the  cold  pack  are  not 
sufficient  to  kill  the  spores.  One  heating  in  boiling  water  for  five  min- 
utes will  not  sterilize  the  contents  of  jars  if  they  are  contaminated  with 
the  more  resistant  spores.  Fractional  sterilization  on  three  successive 
days,  after  exposure  to  a  temperature  of  100°  for  from  15  to  60  minutes, 
retards  but  does  not  prevent  the  development  of  the  organism.  Pressure 
canning  is  the  safest  method  of  sterilization,  but  a  pressure  of  as  much 
as  15  pounds  for  ten  minutes  will  not  kill  the  more  resistant  spores.  It 
is  important  that  housewives  be  warned  of  the  danger  of  spoilage  and 
should  be  cautioned  to  examine  every  jar  carefully  when  it  is  opened  for 
use.  The  signs  of  spoilage  are  as  follows:  (a)  The  presence  of  gas  bub- 
bles in  the  jars  and  of  blown  heads  and  of  squirting  of  liquid  when  the 
top  is  removed;  (b)  the  odor  of  rancid  cheese;  (c)  the  mushy  appearance 
of  the  solid  parts  of  the  food  in  the  jars.  The  toxin  produced  in  canned 
foods  may  be  destroyed  by  boiling  for  five  minutes  or  longer,  although 
the  spores  are  not  killed.  It  is  the  toxin  in  the  food  and  not  the  spores 
that  causes  botulism,  because  the  spores  do  not  multiply  in  the  body. 
The  only  safe  procedure  is  to  discard  every  can  presenting  one  or  more 
of  the  evidences  of  decomposition  mentioned  above. 

Meyer  says: 

"It  is  fully  proved  that  any  lot  of  canned  food  which  shows  an  appreciable  per- 
centage of  spoilage  is  potentially  dangerous,  but  no  laboratory  has  as  yet  determined 
the  percentage  of  containers  of  such  lots  which  may  harbor  viable  spores  of  B.  botulinus. 
Until  such  tests  have  been  carried  out  every  can  or  jar  of  a  batch  or  lot  showing  even 
less  than  one  per  eent  spoilage  must  theoretically  be  considered  suspicious.  It  is  defi- 
nitely proved  that  the  presence  of  B.  botulinus  in  canned  food  is  always  indicative  of 
poor  sterilization  and  a  few  recent  investigations  have  disclosed  that  not  one  container, 
but  usually  the  entire  lot  or  pack,  has  been  improperly  processed. ' ' 
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Burke,  Elder  and  Pischel  make  the  following  statements  concerning  the 
care  that  must  be  exercised  in  the  selection  of  preserved  foods: 

"  (1)  Spoiled  foods  coutainiug  gas  may  appear  to  be  boiling  for  several  minutes 
before  the  tnie  boiling  point  is  reached.  We  recommend  that  all  suspected  foods  be 
subjected  to  vigorous  boiling  for  at  least  thirty  minutes  before  being  tasted.  (2) 
Spoiled  canned  foods  giving  the  appearance  of  boiling  for  seven  minutes  and  subjected 
to  actual  boiling  for  four  minutes  are  not  safe  to  eat.  Spoiled  canned  foods  exposed 
to  a  temperature  of  80°  C.  for  one  hour  may  appear  to  be  boiling  part  of  the  time  and 
not  be  safe  to  eat.  (3)  We  may  expect  to  have  outbreaks  of  botulism  following  the 
eating  of  insufficiently  cooked  spoiled  foods.  (4)  The  heat  resistance  of  the  disease- 
producing  powex  of  different  kinds  of  spoiled  canned  foods  containing  B.  botulinus 
and  its  toxins  has  not  been  determined  and  probably  will  be  found  to  vary.  (5)  There 
have  been  no  recorded  outbreaks  of  botulism  in  tliis  country  without  a  history  of 
preserved  foods  having  been  eaten.  (6)  There  is  no  evidence  that  infection  in  man 
ever  follows  the  ingestion  of  toxin-free  organisms  of  B.  botulixius.  (7)  There  is  no 
evidence  that  infection  in  man  ever  follows  the  ingestion  of  the  toxin  and  organisms 
of  B.  botulinus.  (8)  Botulism  does  not  result  from  the  ingestion  of  small  numbers 
of  toxin-free  spores. ' ' 

The  'distribution  of  B.  botulinus  in  nature  is  a  matter  of  great  impor- 
tance. This  subject  was  investigated  in  California  by  Burke  in  1918. 
She  made  an  attempt  to  find  this  organism  in  five  localities  "in  which  cases 
of  botulism  from  home  canned  foods  had  been  reported.  She  found  the 
organism  in  the  following  substances:  (1)  Bird-pecked,  bruised,  and 
moldy  cherries;  (2)  bean  leaves  covered  with  spots  or  droppings  of 
insects  or  small  animals;  (3)  on  spiders  from  bush  bean  plants;  (4)  on 
bush  beans,  some  of  which  were  slightly  scarred,  picked  over,  washed 
and  packed  in  clean  jars;  (5)  manure  from  a  hog  which  had  recovered 
from  botulism  three  months  before  the  sample  was  taken;  (6)  in  moldy 
hay  from  an  outdoor  stack  upon  which  horses  and  mules  had  fed  and 
subsequently  developed  symptoms  of  forage  poisoning.  Burke  concluded 
that  B.  botulinus  is  widely  distributed  in  nature  and  that  it  may  be 
present  on  fruits  and  vegetables  when  they  are  picked.  Burke's  experi- 
ments were  confined  to  localities  in  California,  but  the  work  of  Graham 
and  others  has  demonstrated  that  this  organism  is  widely  distributed 
throughout  the  eountr}^  and  that  botulism  is  likely  to  occur  from  the 
eating  of  canned  food  prepared  in  any  infected  locality.  There  is,  how- 
ever, no  danger  from  eating  fresh  fruits  or  vegetables  wherever  grown. 
In  doing  so,  one  may  take  into  the  stomach  the  bacillus,  but  it  is  not 
accompanied  by  any  toxin  and  it  is  to  this  toxin  that  botulism  is  due. 

Meyer  and  his  colleagues  have  made  some  astonishing  discoveries  con- 
cerning the  geographical  distribution  of  the  spores  of  B.  botulinus. 
Strange  to  say,  these  spores  have  been  found  by  these  investigators  most 
frequently  and  most  abundantly  in  virgin  soil,  and  often  in  that  taken 
from  mountain  sides  where  there  has  been  no  evident  soil  pollution  by 
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either  man  or  animal.  Tlie  first  positive  proof  of  the  existence  of  these 
spores  in  virgin  soil  was  furnished  by  a  number  of  soil  specimens  removed 
from  a  rock  slide  which  occurred  on  March  1,  1921,  about  1,000  feet  above 
the  floor  of  the  Yosemite  Valley.  On  the  twentieth  of  the  following 
April  these  samples  were  examined  and  revealed  the  presence  of  spores  of 
B.  botulinus  demonstrated  in  pure  culture  and  by  the  production  of  toxin. 
Identical  findings  were  made  with  soil  collected  from  an  excavation  four 
feet  deep  in  the  heart  of  the  valley  in  which  pollution  with  animal 
manure,  etc.,  was  excluded.  These  findings  have  been  confirmed  by  the 
examination  of  numerous  soil  specimens  from  mountainous  regions  in 
California  and  Washington.  In  mountain  soils  and  in  virgin  soils  gener- 
ally Type  A  predominates  or  is  the  exclusive  finding.  In  the  soils  from 
gardens,  orchards,  cultivated  and  fertilized  fields  spores  of  B.  botulinus, 
while  widely  distributed,  are  not  so  constantly  found  as  in  virgin  and 
mountain  soils  and,  besides,  in  the  cultivated  regions  Type  B  predom- 
inates. This  leads  Meyer  to  suspect  that  the  original  and  natural  habitat 
of  the  spores  of  B.  botulinus  is  in  mountain  soils,  from  which  they  are 
distributed  to  cultivated  and  low  lying  regions  by  water  carriage  and 
that  as  a  result  of  this  transportation  and  change  in  environment  there 
is  a  mutation  from  Type  A  to  Type  B.  Fruits  and  vegetables  bought  in 
the  open  market  in  San  Francisco,  San  Jose,  and  Los  Angeles  showed  a 
contamination  with  these  spores  to  the  extent  of  29.4  per  cent. 

"The  tindiiigs  on  the  vegetal)les  and  fruits  correspond  in  a  general  way  with  those 
made  on  the  soil  specimens  collected  in  gardens  and  cultivated  fields.  The  relatively 
high  percentage  of  Type  B  toxins  has  been  repeatedly  confirmed  by  the  isolation  of 
B.  botulinus  Type  B  from  the  enrichment  cultures.  The  vegetables,  such  as  beets, 
asparag-us,  etc.,  bought  in  San  Francisco  were  grown  in  truck  gardens  heavily  fertilized 
with  hog  manure.  Specimens  of  the  fertilizer  were  tested  for  spores  of  B.  botulinus 
with  negative  results.  Soil  products  procured  from  plots  recently  planted  witii  vege- 
tables furnished  enrichment  cultures,  which  contained  Type  A  toxins.  Invariably  the 
repeated  examination  of  the  soil  demonstrated  the  same  type.  As  far  as  the  limited 
material  permits  of  deductions,  it  is  evident  that  the  products  of  a  soil,  which  has. been 
manured  and  cropped  for  many  years,  more  frequently  contains  the  spores  of  B. 
botulinus  Type  B  than  those  of  Typo  A.  Fiuits  and  vegetables  are  excellently  suited 
to  demonstrate  this  distribution,  probably  on  account  of  the  relative  minority  of  other 
proteolytic  anaerobes,  which  ordinarily  destroy  the  toxins  or  overgrow  B.  botulinus 
present  in  specimens  prepared  from  manured  or  fertilized  soil. ' ' 

Meyer's  studies  on  the  distribution  of  the  spores  of  B.  botulinus  in  the 
olive  groves  and  on  the  fruit  in  its  transportation  from  the  orchard  to 
the  factory  are  especially  interesting. 

"Not  only  were  the  leaves  and  fruits  on  the  trees  foiuid  to  be  contaminated,  but 
the  scrapings  from  the  shipping  liarrels  transporting  the  ripe  olives  from  tiie  groves  to' 
the  cannery,  as  well  as  the  refuse  dumps  composed  of  spoiled,  discarded  olives,  supplied 
toxic  cultures.  Furthermore,  several  tins  of  ripe  pickled  olives,  processed  at  low  tem- 
peratures and  unprocessed,  so-called  'bulk  olives,'  gave  pure  cultures  of  B.  liotulinus 
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Tyi^e  A.  The  frequeut  finding-  of  TA-jie  B  sijores  only  ou  the  foliage  and  green  fruits 
is  closely  connected  with  the  predominance  of  this  type  in  the  manured  soil  of  the 
ranches.  This  type  is  probably  not  very  resistant  against  physical  and  chemical  agents, 
rarely  survives  the  pickling  and  preserving  j)rocess  and  has,  therefore,  not  been  found 
in  the  packed  products.  Seventeen,  or  twenty-two  per  cent  of  the  seventy-five  olive 
specimens  produced  toxic  cultures;  the  proportion  of  Type  A  to  Type  B  was  one  to 
four.  The  foliage  and  green  olives  collected  from  the  trees  furnished  ten  per  cent 
weakly  toxic  enrichment  cultures.  From  a  practical  standjJoint,  it  is  beyond  question 
that  B.  botuliuus  is  frequently  carried  on  the  ripe  fruits  into  the  shipping  barrels, 
pickling  vats  and  the  packing  plant.  *  "  "■  It  is  not  unlikely  that  during  and  shortly 
after  the  War,  the  collection  of  ripe  olives  in  the  orchards  was  not  conducted  with  a 
great  deal  of  care.  The  raw  product,  heavily  contaminated  with  soil,  underwent  further 
deterioration  and  the  resistant  spores  were  jiermitted  to  increase  by  prolonged  storage 
in  shipj)ing  barrels  and  pickling  vats.  The  common  practice  of  preserving  olives  by 
heat  not  exceeding  212°  F.  produced  in  some  containers  an  environment  suitable  for  the 
growth  of  B.  botulinus  and  its  toxin.  It  is,  however,  now  fully  recogTiized  that  efficient 
sterilization  of  fresh,  and  careful  handling  of  ripe  olives  will  prevent  further  outbreaks 
of  botulismus. " 

While  Meyer  and  his  coworkers  found  the  spores  of  B.  botulinus  widely 
distributed  in  hay,  straw,  and  other  animal  feeds,  they  do  not  believe 
that  these  findings  justify  the  claim  that  forage  poisoning  is  due  to  this 
organism.  Strange  to  say,  the  examination  of  45  specimens  of  manure 
and  fertilizer  showed  the  presence  of  the  spores  in  only  6.6  per  cent.  The 
evidence  is  that  B.  botulinus  does  not,  to  any  marked  extent  at  least, 
multiply  in  the  alimentary  canal  of  either  man  or  beast,  and  that  fer- 
tilizers in  the  shape  of  manure  contribute  relatively  little  to  the  pollution 
of  the  soil  with  this  organism.  Soil  contaminated  with  animal  feces  is 
rarely  infected,  while  mountain  and  forest  soils  in  California  are  prac- 
tically always  bearers  of  B.  botulinus  spores. 

It  is  apparently  the  custom,  at  least  in  some  parts  of  California,  to 
fertilize  vegetable  gardens  with  sew^age.  An  outbreak  of  botulism  in 
chickens  caused  by  eating  beans  wdiich  had  grown  in  a  garden  thus 
fertilized  led  to  a  search  for  the  spores  in  the  untreated  sew^age,  but  the 
result  Avas  negative  and  there  was  found  no  cause  to  justify  the  supposi- 
tion that  the  beans  owed  their  infection  to  the  sewage.  In  numerous 
experiments  Meyer  was  able  to  demonstrate  that  human  excreta  pro- 
duced, as  a  rule,  nontoxic  enrichment  cultures  irrespective  of  the  fact 
that  the  individuals  were  constantly  eating  raw  fruits  and  vegetables 
bearing  the  spores.  This  indicates  that  there  is  no  multiplication  of  the 
organism  in  the  alimentary  canal  of  man.  It  is  evident  that  in  California 
at  least,  botulism  is  not  disseminated  by  the  excreta  of  either  man  or 
beast.  It  will  be  seen  that  in  its  biologic  behavior  B.  botulinus  is  radi- 
cally different  from  B.  tetanus,  the  former  being  found  most  abundantly 
in  virgin  soil  Avhile  the  latter  occurs  only  in  soil  infected  Avith  the  ex- 
creta of  man  or  animals. 
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Meyer  and  his  colleagues  have  tested  soils  from  practically  every  state 
in  the  Union  and  from  manj^  foreign  countries  for  the  presence  of  spores 
of  B.  botulinus.  The  most  heavily  infected  areas,  as  shown  by  these 
analyses,  are  the  mountainous  and  coast  states  of  the  West,  including 
Washington,  Oregon,  and  California,  with  Utah,  Wyoming,  and  Montana 
slightly  less  infected.  Pennsylvania  and  Kentucky  show  a  degree  of 
infection  scarcely  less  than  that  shown  by  the  Pacific  States,  but  in  the 
East  Type  B  predominates,  while  in  the  West  it  is  Type  A.  The  condi- 
tion found  in  Pennsylvania  and  Kentucky  strengthens  the  theory  that 
the  normal  habitat  of  the  spores  of  B.  botulinus  is  in  elevated  regions 
and  that  the  plains  below  are  infected  through  the  transportation  of  soil 
by  means  of  rain.  A  similar  condition  in  the  Ozark  Mountains  in  Mis- 
souri lends  further  sup'port  to  this  theory.  The  greater  part  of  the 
region  roundabout  the  Great  Lakes,  along  the  Mississippi  and  its  tribu- 
taries shows  a  low  incidence,  not  so  low  however  as  the  area  covered  by 
Texas  and  New  Mexico.  Meyers  concludes  this  part  of  his  work  with 
the  following  statements: 

''(1)  The  spores  of  B.  botulinus  are  relatively  rare  in  the  samples  of  soil,  etc.,  col- 
lected from  the  Middle  States,  the  Great  Plains,  and  those  bordering  the  Great  Lakes 
and  the  Mississippi  River  with  its  tributaries,  the  Missouri,  Arkansas  and  Red,  Des 
Moines  and  Illinois  Rivers.  (2)  The  Atlantic  States  supplied  specimens  vphich  produce 
frequently  ten  to  thirty  per  cent  toxic  cultures.  (3)  The  soil  of  the  Pacific  Coast  and 
Rocky  Mountain  States  is  heavily  infected  with  B.  botulinus." 

The  distribution  in  Canada,  Hawaii,  Alaska  and  China,  as  shown  by 
the  analyses  that  have  been  made,  corresponds  in  a  general  way,  so 
far  as  it  is  related  to  mountains  and  plains,  with  that  found  in  the 
United  States. 

So  far  as  we  know,  this  is  the  first  evidence  that  a  bacterial  disease 
has  its  breeding-place  in  virgin  forests  and  mountains  and  in  which  the 
microorganism  loses  in  virulence  after  transportation  to  heavily  con- 
taminated soils.  This  opens  up  to  the  epidemiologist  a  new  viewpoint 
requiring  a  wider  knoAvledge  before  he  can  attempt  a  satisfactory  ex- 
planation. 

The  Toxin.- — This  toxin  resembles  that  of  certain  plants,  such  as  castor 
and  jequirity  beans,  inasmuch  as  it  is  active  when  taken  by  the  stomach, 
and  in  this  respect  it  differs  from  the  toxins  of  the  venoms  of  serpents 
and  of  tetanus  and  diphtheria,  which  are  not  active  when  thus  adminis- 
tered. It  is  true,  however,  that  the  toxin  of  the  bacillus  botulinus  is  more 
poisonous  when  administered  intravenously  or  hypodermically  than  when 
given,  by  mouth,  but  naturally  this  form  of  administration  plays  no  part 
in  food  poisoning.  Van  Ermengem  found  that  rabbits  die  after  from  36 
to  48  hours  with  symptoms  of  local  and  general  paralysis  when  a  glucose 
bouillon  culture  is  subcutaneouslj^  given  in  doses  of  from  0.0003  to  0.001 
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c.c.  In  these  experiments  symptoms  may  appear  within  a  few  hours  but 
are  often  delayed  for  three  or  four  days  and  in  either  instance  lead  to 
death  within  a  few  hours.  The  animals  thus  treated  develop  rapid 
breathing,  become  paralyzed,  manifest  clonic  convulsions  and  die  with 
loud  outcries.  In  some  cases  the  paralysis  is  confined  to  certain  groups 
of  muscles.  In  some,  only  the  legs,  especially  the  hind  legs,  are  involved. 
There  is  abundant  and  abnormal  secretion  of  saliva,  accompanied  by 
dilatation  of  the  pupils,  with  exophthalmos,  aphonia,  complete  anorexia 
and  retention  of  urine  and  feces. 

Guinea  pigs  are  still  more  susceptible  to  subcutaneous  injections  and 
death  results  from  treatment  with  from  0.0001  to  0.00005  c.c.  There  is 
often  complete  paralysis  of  all  the  muscles,  respiration  is  at  first  rapid 
and  superficial,  but  later  becomes  prolonged.  After  the  administration 
of  still  smaller  doses,  symptoms  do  not  develop  until  the  third  or  fourth 
day  and  the  paralysis  may  be  confined  to  one  or  more  extremities.  Mice 
are  still  more  susceptible  and  die  after  the  development  of  paralysis  from 
the  smallest  possible  doses. 

In  monkeys  (rhesus)  the  subcutaneous  injection  of  from  0.01  to  0.001 
c.c.  causes  characteristic  symptoms,  consisting  of  dilatation  of  the  pupils, 
which  are  often  immobile,  ptosis  of  both  lids,  abundant  secretion  of  a 
thick  grayish  mucus  from  the  nose  and  mouth,  accompanied  by  coughing 
and  followed  by  aphasia,  dyspnea,  and  death  within  from  24  to  36  hours. 

Van  Ermengem  found  that  cats  are  well  suited  for  the  development  of 
experimental  intoxication  by  subcutaneous  injection.  These  animals 
show  paralytic  symptoms,  accompanied  by  ptosis,  aphasia,  aphonia,  pro- 
lapse of  the  tongue,  abundant  elimination  of  thick  mucus  from  the  mouth, 
with  croupous  coughing  and  retention  of  urine  and  feces.  On  the  admin- 
istration of  massive  doses  (5  to  10  c.c.)  there  is  a  latent  period  of  from 
six  to  twelve  hours,  folloAved  by  collapse,  general  paralysis,  dilatation 
of  the  pupils,  and  death  within  from  16  to  24  hours. 

All  the  above  mentioned  animals  may  be  poisoned  and  caused  to 
develop  similar  symptoms  to  those  given,  by  intraperitoneal  or  intra- 
cranial administration.  Van  Ermengem  observed  that  intracranial  injec- 
tion does  not  lead  to  the  more  rapid  development  of  symptoms  than  when 
administration  is  accomplished  by  subcutaneous  or  intraperitoneal  treat- 
ment. 

There  have  been  considerable  inexplainable  differences  observed  among 
animals  after  administration  by  mouth.  Van  Ermengem  found  mice, 
guinea  pigs,  and  monkeys  best  suited  for  demonstration  by  this  method 
of  administration.  Rabbits  withstand  considerable  quantities  of  the  poi- 
son when  thus  administered,  but  do  succumb  when  large  doses  (5  to 
10  c.c.)   are  given.     The  same  observer  found  dogs,  rats,  and  chickens 
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unaffected  by  massive  doses  administered  in  the  food.  On  the  other  hand, 
numerous  investigators  in  this  country  have  found  chickens  highly  sus- 
ceptible, developing  characteristic  symptoms  of  limberneck.  Emerson 
and  Collins,  using  the  bacillus  which  caused  the  Detroit  outbreak,  found 
chickens  quite  susceptible  and  highly  suitable  for  the  demonstration  of 
the  action  of  this  poison. 

The  toxin  is  quickly  destroyed  at  a  temperature  of  80°  C.  and  under- 
goes more  gradual  decomposition  when  exposed  to  light  and  air.  The 
toxin  is  altered  but  little  on  the  addition  of  dilute  acids,  but  is  rendered 
inert  by  strong  alkalies.  It  is  not  influenced  by  putrefactive  changes  in 
the  culture  medium.  The  toxin  has  been  obtained  in  the  dry  state  by 
precipitation  with  zinc  chlorid,  subsequent  decomposition  with  ammo- 
nium phosphate,  and  precipitation  with  neutral  salts.  The  toxin  thus 
obtained  apparently  has  lost  no  appreciable  amount  of  its  toxicity  and 
when  dissolved  and  properly  diluted  it  produces  in  animals  the  character- 
istic sj^mptoms  and  death.  Like  tetanus  toxin,  it  seems  to  have  a  special 
affinity  for  nervous  tissue,  with  which  it  combines  and  by  Avhich  it  is 
neutralized. 

The  Antitoxin. — Kempner  was  the  first  to  jjrepare  a  successful  anti- 
toxin. He  immunized  goats  by  successive  administrations  of  increasing 
doses  of  toxin  and  obtained  a  serum  which  protected  guinea  pigs  against 
100,000  minimum  lethal  doses.  Forssman  and  Lundstrom  also  immunized 
goats,  employing  subcutaneous  injections,  which  they  found  to  be  more 
efficient  than  intravenous  administrations.  Since  these  preliminary  stud- 
ies, horses  have  been  immunized  and  effective  antitoxins  in  large  amounts 
have  been  obtained.  It  has  been  shown  that  an  antitoxin  prepared  with 
one  type  is  not  equally  effective  in  affording  protection  against  the 
toxins  produced  by  the  other.  Dickson  and  Howitt  conclude  a  study 
of  the  preparation  and  therapeutic  value  of  botulinus  antitoxin  with  the 
following  statements : 

"(1)  A  true  antitoxin  may  be  prepared  for  the  toxin  of  bacillus  botulinus.  (2) 
There  are  at  least  two  types  of  B.  botulinus  which  are  distinct  so  far  as  their  toxin- 
antitoxin  relationships  are  concerned.  (3)  Experiments  show  that  in  the  laboratory 
the  antitoxin  may  protect  against  the  action  of  the  toxin  for  at  least  24  hours  after 
the  administration  of  one  test  dose  of  toxin,  but  that  the  effectiveness  is,  to  a  certain 
extent  at  least,  dependent  on  the  amount  of  toxin  injected.  For  therapeutic  administra- 
tion a  polyvalent  antitoxin  should  be  employed,  and  it  should  be  given  in  large  amounts 
and  intravenous^. " 

Burke,  Elder  and  Pischel  make  the  following  statement  concerning 
the  specific  treatment  of  botulism: 

''Since  there  are  at  least  two  distinct  toxins,  and  there  is  no  rapid  means  of  de- 
termining the  type,  it  is  necessary  to  use  a  polyvalent  antitoxin  or  a  Type  A  and  a 
Type   B   antitoxin,   and   since   there  is   a  possibility   that   B.   botulinus   occasionally 
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produces  its  toxin  in  the  l)ody,  the  ininiune  serum  should  be  bacteriolytic  or  bacteri- 
cidal as  well  as  antitoxic.  The  serum  should  be  injected  intravenously.  The  immune 
serum  to  be  beneficial  must  be  used  as  soon  as  possible  after  the  diagnosis  is  made. 
In  all  cases  of  doubtful  diagnosis,  all  those  having  partaken  of  the  suspected  meal 
should  receive  immediately  antitoxin  treatment.  The  antitoxin  can  only  neutralize  the 
toxin  and  prevent  further  injury.  It  is  of  no  value  to  the  already  damaged  nervous 
system.  The  evidence  we  have  indicates  that  treatment  begun  after  the  symptoms 
are  well  advanced  will  not,  in, most  cases,  alter  the  course  of  the  disease.  But  we 
have  sufficient  experimental  evidence  to  believe  that  some  of  those  receiving  lethal 
amounts  of  toxin  can  bo  saved  by  the  use  of  antitoxin  if  the  treatment  is  begun  at 
aliout  or  before  the  time  the  symptoms  appear." 

In  our  opinion  the  statement  made  in  the  last  sentence  of  this  quota- 
tion is  hardly  justified. 

At  present  (1922)  antitoxin  is  prepared  only  in  those  laboratories  in 
which  special  research  on  botulism  is  being  carried  out.  AVe  understand 
that  there  has  been  no  permit  from  the  Surgeon  General  of  the  Public 
Health  Service  for  the  preparation  of  a  commercial  product.  McCaskey 
used  small  doses  of  antitoxin  in  the  treatment  of  three  patients  who  were 
poisoned  b}^  eating  home  canned  string  beans  at  Decatur,  Ind.  One  recov- 
ered and  two  died.  McCaskey  believes  that  the  serum  was  of  some  aid, 
but  inasmuch  as  he  gave  only  from  5  to  10  c.c,  his  conclusion  is  open  to 
doubt.  In  the  Detroit  outbreak,  Jennings,  Haass  and  Jennings  injected 
42  c.c.  of  Graham's  serum  intravenously  in  one  case  without  apparent 
effect  and  20  c.c.  in  two  injections  in  another  patient  who  recovered. 
They  state,  however,  that  in  the  latter  case  the  illness  was  so  mild  they 
could  not  be  sure  about  the  influence  of  the  serum  on  the  patient.  As  to 
the  manner  of  administration  Dickson  and  Howitt  make  the  following 
statement: 

"It  is  our  opinion  that  large  doses  of  antitoxin  should  be  given  since  the  amount 
of  toxin  ingested  is  unknown,  and  that  it  should  be  given  intravenously.  *  *  "  The 
usual  precautions  for  the  administration  of  horse  sea-um  should  be  observed,  and  the 
l^atient  tested  by  intracutaneous  injection  for  evidence  of  hypcrsensitiveuess.  When 
no  hypersensitiveness  is  shown,  the  serum  will  be  given  at  once  and  ^^i^  be  injected 
into  the  veins  very  slowly,  not  more  than  1  c.c.  a  minute,  until  the  full  amount  is  given. 
AVhen  hypersensitiveness  is  shown,  preliminary  subcutaneous,  intiamuscular  and  intra- 
venous injections  of  1  c.c.  at  one  hour  intervals  should  be  given,  and  one  hour  after 
the  last  injection  the  full  amount  may  be  injected  intravenously  at  the  rate  of  not 
more  than  one  c.c.  a  minute." 

Prevention. — It  was  not  until  the  War  was  upon  the  people  of  the 
United  States  and  after  the  cold  pack  method  of  preserving  food  had 
been  recommended  by  the  U.  S.  Department  of  Agriculture  that  there 
came  the  realization  of  the  great  danger  that  lies  in  the  imperfect  or 
incomplete  sterilization  of  preserved  foods.  Although  cases  of  botulism 
had  been  occasionally  reported  in  the  United  States  before  that  time, 
Dickson,  of  California,  in  1918,  first  called  the  attention  of  the  people 
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to  the  danger  in  the  spread  of  botulism.  The  problems  presented  by  this 
relatively  new  disease,  or  at  least  one  only  recently  recognized  as  of 
importance,  led  to  immediate  activity,  especially  on  the  part  of  the  Uni- 
versities of  California  and  Leland  Stanford,  with  the  aid  of  the  U.  S. 
Public  Health  Service.  In  August,  1920,  the  California  State  Board  of 
Health  passed  the  following  resolution: 

'  'jResolved,  By  the  California  State  Board  of  Health,  that  ripe  olives  shall  be  deemed 
adulterated  within  the  meaning'  of  the  California  Pure  Foods  Act  unless,  before  being 
offered  for  sale  or  consumption,  all  picking,  handling,  cooking  and  other  preparation 
of  the  product  shall  have  been  carried  on  in  strict  conformity  with  the  Food  Sanitation 
Act,  sections  1  to  8,  inclusive,  and  that  the  provisions  of  this  act  will  be  held  to  apply 
to  all  holding  solutions,  holding  tanks,  separating  trays,  curing  tanks,  curing  solutions, 
as  well  as  to  the  premises  generally,  as  specified  in  the  act;  furthermore,  be  it 

"  Eesolved,  That  ripe  olives  shall  be  deemed  adulterated  within  the  meaning  of  the 
California  Pure  Foods  Act  unless  the  same  shall  have  been  sterilized  at  a  temperature 
of  240  degrees  Fahrenheit  for  a  period  of  not  less  than  forty  minutes  by  means  of  a 
retort  or  autoclave  which  shall  be  controlled  by  an  automatic  self-recording  thermometer 
or  heat-measuring  device  in  proper  working  order,  and  that  the  temperature  record  shall 
be  available  at  all  times  to  the  representatives  of  the  State  Board  of  Health;  further- 
more, be  it 

"Besolved,  That  the  Director  of  the  Bureau  of  Foods  and  Drugs,  California  State 
B'oard  of  Health,  be  instructed  to  seize  and  quarantine  all  ripe  olives  which  are  not 
produced  in  conformity  with  the  above  regulations  and  to  institute  action  for  their 
condemnation  and  destruction." 

In  1919  the  National  Canners  Association  asked  the  National  Research 
Council  to  be  responsible  for  certain  scientific  investigations  on  botulism 
and  other  forms  of  food  poisoning.  The  Canners  Association  has  been 
very  actiA^e  and  has  appropriated  large  sums  of  money  for  these  re- 
searches. The  problems  that  have  been  opened  up  by  these  studies  have 
been  of  great  scientific,  as  well  as  of  practical,  importance.  Marked  im- 
provements have  been  made  in  the  processes  of  canning  foods  and  in 
securing  complete  sterilization  of  these  products.  There  can  be  no  doubt 
that  within  a  short  time  all  reputable  organizations  engaged  in  the  prep- 
aration of  preserved  foods  will  be  able  to  furnish  safe  products.  It  is 
well,  however,  to  be  on  the  safe  side  and  there  must  be  vigilance  not 
only  on  the  part  of  state  and  municipal  health  officials,  but  consumers  of 
canned  foods  must  constantly  be  alert  to  detect  any  evidence  of  decom- 
position or  spoilage  in  these  food  preparations.  With  our  present  knowl- 
edge, a  health  officer  is  justified  in  withdrawing  from  sale  every  can  of 
a  product  which  has  been  found  to  be  deleterious  to  health.  It  has  been 
abundantly  demonstrated  that  the  cold  pack  process,  which  was  recom- 
mended during  the  War,  is  inadequate  in  securing  complete  sterilization. 
EA^erybody  should  plainly  understand  that  it  is  not  safe  to  even  taste 
of  suspected  canned  food.    Death  may  result  from  the  eating  of  a  single 
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bean  when  a  can  of  this  food  is  contaminated  with  B.  botuliniis  and 
contains  the  toxin. 
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CHAPTER  X 

CHOLERA  INFANTUM 

THE  SUMMER  DIARRHEAS  OF  INFANCY;  ILEOCOLITIS 

Description. — In  this  chapter  Ave  discuss  certain  diarrheas  which  have 
the  following  common  characteristics:  (1)  They  occur  only  in  infants 
during  the  first  and  second  years  of  life;  (2)  they  are  practically  con- 
fined to  those  children  who  are  artificially  fed,  not  more  than  five  per 
cent  are  seen  among  the  breast-fed;  (3)  their  prevalence  is  determined  by 
weather  temperature,  rising  with  the  increasing  heat  of  summer  and 
declining  with  the  lowering  temperature  of  fall  and  winter. 

There  are  wide  variations  in  the  symptomatology  and  pathology  of 
these  diarrheas  and  pediatricians  have  attempted  to  classify  them  accord- 
ing to  the  extent  and  depth  of  the  lesions  found  in  the  intestinal  Avails 
after  death.  Formerly,  the  designation,  cholera  infantum,  Avas  gener- 
ally employed  by  American  physicians  to  include  all  these  diarrheas.  In 
more  recent  years  this  term  has  been  restricted  to  the  more  acute,  vio- 
lent, and  fatal  cases,  and  the  term  ileocolitis,  modified  by  certain  jarefixed 
adjectives,  such  as  catarrhal,  follicular,  and  membranous,  has  been  sub- 
stituted. The  acute  cases  are  frequently  ushered  in  Avith  marked  chol- 
eraic symptoms,  although  these  may  be  preceded  by  some  intestinal 
disorder.  Vomiting  and  purging,  accompanied  or  preceded  by  a  rapidly 
rising  temperature  and  leading  to  speedy  and  marked  prostration,  may 
be  the  first  symptoms  in  a  babe  Avhich  hitherto  has  been  the  picture  of 
health.  The  evacuations  are  in  the  beginning  abundant.  The  first  A^oni- 
itings  consist  of  whatever  food  there  may  be  in  the  stomach,  Avliile  subse- 
quent ones  consist  of  mucus,  serum  and  matter  regurgitated  from  the 
small  intestine.  When  A'omiting  ceases  for  a  time  it  is  likely  to  be 
rencAved  AvhencA^er  food  or  drink  is  taken  into  the  stomach.  The  first 
stools  are  large,  more  or  less  loose,  and  occur  once  or  tAvice  in  an  hour. 
Later  they  become  greenish,  yelloAvish,  or  broAvnish,  and  finalh^  may  lose 
all  color  and  consist  almost  entirely  of  serum.  At  first,  the  stools  are 
generally  acid,  but  the  reaction  changes  to  neutral  and  when  they  become 
serous  they  are  alkaline.  The  odor  is  subject  to  Avide  A^ariation,  none 
being  perceptible  in  some,  Avliile  in  other  instances  they  are  highly  offen- 
siA'e.  The  flesh  melts  aAvay  rapidlj^,  the  eyes  are  sunken,  the  angles  of 
the  mouth  are  draAvn,  and  the  countenance  becomes  expressive  of  the 
utmost  anxiety.  While  the  temperature  is  variable,  it  usually  rises  in 
proportion  to  the  scA-erity  of  the  case  and  in  extreme  instances  it  may 
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reach  107°  before  death.  The  pulse  is  irregular,  rapid  in  proportion  to 
the  severity  of  the  case,  and  towards  the  end  becomes  imperceptible. 
These  cases  certainly  deserve  to  be  designated  as  choleraic,  and  more 
than  seventy-five  per  cent  of  them  prove  fatal. 

The  subacute  and  chronic  cases  lead  to  the  development  of  more  or  less 
marked  and  extensive  catarrhal,  membranous,  and  ulcerative  conditions 
in  the  mucosa  and  submucosa.  To  the  pathologist,  it  probably  seems  alto- 
gether unreasonable  to  place  these  diarrheas  in  one  group  and  from  his 
standpoint  he  is  right,  but  to  the  epidemiologist,  they  belong,  in  our 
opinion,  together.  Neither  in  symptomatology  nor  in  pathologic  lesions 
does  cholera  infantum  show  more  diverse  manifestations  than  those  which 
follow  poisoning  with  arsenic.  When  many  times  a  fatal  quantity  of 
this  poison  in  soluble  form,  such  as  the  arsenite  of  potash,  is  adminis- 
tered, the  vital  cells  of  the  body,  including  those  of  the  central  nervous 
system,  may  be  so  suddenly  and  so  completely  overwhelmed  and  wrecked 
that  the  individual  falls  without  preliminary  symptoms  into  a  fatal  coma; 
on  the  other  hand,  when  the  insoluble  arsenous  oxid  is  administered  there 
is  great  variation  in  the  time  of  onset,  in  the  violence  of  the  symptoms, 
and  in  the  lesions  which  are  found  after  death.  Finally,  when  very  small 
doses  of  arsenic  are  taken  over  long  periods  of  time,  the  first  intimation 
of  ill  effects  may  be  found  in  a  neuritis  or  in  skin  lesions,  and  yet,  all  of 
these  are  cases  of  arsenic  poisoning  and  should  be  grouped  and  studied 
as  such.  For  these  reasons  it  is,  in  our  opinion,  not  inappropriate  for  the 
epidemiologist  at  least,  to  consider  these  diarrheas  as  belonging  to  the 
same  group  etiologically. 

AVe  are  quite  in  accord  with  the  folloAving  statement,  bearing  upon 
this  subject,  made  by  Hartshorne,  in  1880: 

"Until  within  comparatively  a  few  years,  American  writers  have  classed  together 
all  cases  of  AA'^hat  is  popularly  known  as  summer  complaint  in  children,  under  the  name 
cholera  infantum.  Latterly  (1870)  Meigs  and  Pepjjer  and  others  liavc  urged  the 
propriety  of  separating,  in  diagnosis  and  nomenclature,  this  affection,  as  a  true  chol- 
eraic disease,  from  the  enterocolitis  of  infancy,  acute  or  chronic.  There  is  no  doubt 
that  many  instances  of  intestinal  inflammation  occur  in  children,  at  all  seasons  and 
under  many  circumstances,  to  which  there  is  no  reason  for  giving  the  name  of  cholera 
infantum.  Eillet  and  Barthez  even  assert  that,  under  their  observation,  of  every  two 
young  children  that  die,  one  exhibits  a  more  or  less  serious  lesion  of  the  large  intestine. 
But  there  does  not  seem  to  be  sufficient  ground  for  the  narrowness  of  limitation  now 
mentioned  for  the  term  cholera  infantum.  As  described  by  the  authors  referred  to, 
enterocolitis  occurs,  in  most  cases,  under  the  same  combinations  of  i^romoting  and 
exciting  causes,  with  the  same  commencing  and  closing  symptoms,  and  with  the  same 
lesions  (differing  only  in  degree,  not  in  kind)  as  what  those  authors  recognize  as 
cliolera  infantum. 

"Objection  appears  to  be  made  to  the  application  of  this  latter  designation  to  cases 
not  attended  throughout  their  duration  by  violent  vomiting,  and  prostration  resembling 
the  collapse  of  epidemic  cholera.     But  the  term  cholera,  being  as  old  as  the  time  of 
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Hippocrates,  had  the  meaning  of  copious  watery  flux  long  before  epidemic  cholera  had 
any  place  in  nosological  literature.  Tliis  kind  of  disorder,  then,  may  well  be  called 
choleraic;  and,  in  view  of  the  essential  agreement  of  a  large  number  of  cases,  in 
etiology,  general  semeiology  and  morbid  anatomy,  we  may  safely  call  by  the  name 
of  chole^'a  infantum  all  such  attacks  as  have  the  following  characteristics:  Affecting 
infants  during  their  first  or  second  years,  especially  at  the  time  of  dentition;  occurring 
in  towns  or  populous  rural  localities  in  hot  weather;  attended  by  vomiting  during  a 
portion,  but  not  necessarily  the  whole,  of  their  course;  with  diarrhea,  acute  or  chronic, 
usually  producing  emaciation  and  threatening,  if  not  fatal  debility." 

As  we  shall  see  later,  attempts  have  been  made  to  find  specific  bacteria 
as  the  causative  agents  of  the  summer  diarrheas  of  infancy,  but  up  to 
the  present  these  investigations,  valuable  as  they  have  been,  have  failed 
to  demonstrate  a  specific  bacterial  cause  for  any  one  of  this  group  of 
diarrheas.    In  1898  Vaughan  wrote: 

' '  The  studies  of  the  past  15  years  have  demonstrated  that  milk  poisoning  is  one 
of  the  most  fruitful  causes  of  a  high  death  rate.  A  little  more  than  one-fourth  of 
the  children  born  to  the  civilized  world  die  before  they  reach  five  years  of  age,  and 
about  one-half  of  these  deaths  are  due  to  the  so-called  summer  diarrheas.  The  medical 
profession  sought  for  the  causative  factoi's  of  these  dianheas  for  many  years  in  almost 
every  conceivable  condition  surrounding  the  life  of  the  infant.  Inherited  tendencies 
were  considered,  and,  although  these  are  important  factors  in  the  causation  of  the 
high  death  rate  of  infancy,  they  are  of  but  slight  weight  so  far  as  the  summer  diar- 
rheas are  concerned.  That  the  sins  of  the  father  and  of  the  mother  also,  are  visited 
upon  the  child,  often  with  apparently  relentless  cruelty,  is  a  matter  of  every  day's 
professional  observation,  but  the  child  of  the  saint  as  well  as  that  of  the  sinner  cannot 
withstand  the  powerful  poisons  that  may  be  generated  in  milk  by  bacterial  life.  Long 
and  earnestly  did  the  medical  profession  study  the  influence  of  meteorological  con- 
ditions upon  these  diarrheas.  The  temperature  of  the  air  and  the  soil,  the  humidity,  the 
proportion  of  sunsliine  and  cloud,  the  amount  of  rainfall,  the  direction  and  velocity  of 
the  wind,  all  were  studied.  Finally,  the  following  conclusions  became  evident:  (1) 
These  diarrheas  are  practically  confined  to  the  hot  months;  (2)  only  those  who  are 
artificially  fed  have  these  diarrheas;  (3)  since  artificial  feeding  is  substantially  eon- 
fined  to  the  employment  of  cow 's  milk,  this  food  must  become  harmful  during  tlie  hot 
months. 

"Upon  these  well  observed  facts  there  followed  the  discovery  of  most  powerful 
poisons  in  milk  infected  with  certain  bacteria  and  kept  at  a  temperature  high  enough 
for  their  development.  Then  followed  a  search  for  the  specific  bacterium  of  the 
summer  diai'rheas,  but  no  specific  microorganism  for  this  disease  has  been  found,  and 
none  will  be  found,  because  any  one  of  a  number  of  saprophytic  bacteria  is  capable 
of  elaborating  a  galactotoxicon  (milk  poison).  I  do  not  mean  to  say  that  two  species 
of  bacteria  wiU  produce  in  milk  identically  the  same  chemical  changes,  but  they  will 
elaborate  poisons  which,  so  far  as  their  effects  upon  children  are  concerned,  are  prac- 
tically identical.  The  time  may  come  when  the  chemist  will  be  able  to  isolate  these 
poisons,  and  when  this  has  been  done  it  may  be  possible  by  a  study  of  the  toxicologic 
action  of  each  of  them  to  distinguish  one  from  the  other  by  observation  of  the  symp- 
toms. At  present,  however,  this  is  impossible,  and  we  must  study  these  bacterial 
poisons  as  a  group  of  gastrointestinal  irritants." 


CHOLERA   INFANTUM  223 

History . — In  1886  Hirseh  wrote  as  follows,  under  the  head  of  cholera 
infantum: 

"Acute  maladies  of  the  intestinal  tract  take  the  first  place  in  the  statistics  of 
mortality  for  the  age  of  infancy;  and  among  these,  vomiting  and  purging  carry  off 
most  victims  in  that  period  of  life,  under  circumstances  to  be  mentioned  in  the  sequel. 
Cholera  infantum,  or  vomiting  and  purging  in  infants,  is  a  comparatively  new  tenn 
insofar  as  it  is  taken  to  denote  a  form  of  gastrointestinal  lesion  peculiar  in  its  pathology 
and  etiology;  we  meet  with  it  first  in  the  medical  writings  of  the  end  of  the  last 
century  or  early  years  of  the  present.  But  there  can  be  no  doubt  that  the  malady 
had  occurred  at  all  times  under  the  same  circumstances  that  give  rise  to  it  now,  and 
that  it  has  become  commoner  just  in  proportion  as  the  etiological  factors  have  made 
themselves  felt  in  a  more  intense  form  and  over  a  wider  area. 

"We  can  only  infer,  therefore,  as  to  the  past  history  of  infantile  cholera;  and  even 
within  the  most  recent  periods,  the  information  about  the  disease  from  various  parts 
of  the  world  is  so  incomplete  and  untiTistworthy,  that  we  can  form  no  certain  opinion 
of  its  geographical  distribution.  It  may  be  concluded  from  the  facts,  but  only  with  a 
degree  of  probability,  that  the  disease  occurs  all  over  the  globe,  and  that  it  is  always 
worst  where  the  causal  conditions  about  to  be  mentioned  are  most  felt. 

"The  earliest  definite  accounts  of  this  serious  scourge  of  infancy  come  from  the 
United  States.  It  is  to  Benjamin  Eush  that  the  credit  belong-s  of  having  been  the 
first  to  call  the  attention  of  practitioners  to  the  disease;  although  the  names  that  had 
been  given  to  it  for  some  time  before  in  colloquial  speech,  such  as  'disease  of  the 
season,'  'summer  complaint,'  or  'April  and  May  disease'  (southern  states),  stamp 
it  as  a  malady  already  known  to  the  people  at  large.  After  Rush 's  paper,  there  began 
to  come  in  from  all  parts  of  the  States  accounts  by  medical  practitioners  of  this  disas- 
trous malady,  the  'pestis  infantum  americana, '  the  writers  vj'ing  with  each  other  in 
their  attempts  to  find  suitable  language  for  its  destructiveness.  'It  is  the  main  out- 
let,' says  Harrison,  'to  the  lives  of  a  great  many  children  every  year;  and  when  the 
rest  of  the  community  is  comparatively  healthy,  its  ravages  invade  the  sanctuary  of 
infantile  feebleness  and  sweep  the  fond  anticipations  of  parental  love  to  the  grave! ' 
From  these  and  innumerable  later  writings,  the  fact  comes  out  that  cholera  infantum 
is  everywhere  prevalent  in  the  large  towns  of  the  North  American  continent,  from 
Quebec  to  New  Orleans  and  from  the  Atlantic  to  the  Pacific;  and  prevalent  to  such  an 
extent  that  Horner  has  a  "certain  warrant  in  speaking  of  it  as  'a  disease  entirely 
American. '  In  Massachusetts  and  Michigan  the  deaths  from  infantile  cholera  amount 
to  fifteen  per  cent  of  the  annual  mortality  from  all  causes;  in  the  City  of  Boston  the 
percentage  is  22.18.  In  New  York  the  deaths  from  that  disease  between  1805  and 
1837  were  nearly  two  per  thousand  of  the  population;  and  in  recent  years  they  have 
increased  considerably.  In  Philadelphia  for  the  year  1872,  the  mortality  from  cholera 
infantum  was  reckoned  at  2.6  per  thousand  of  the  population,  while  from  1819  to  1860 
it  amounted  to  between  one-fourth  and  one-third  of  the  deaths  from  all  causes.  It 
is  as  high,  and  sometimes  even  higher,  in  Baltimore,  Louisville,  Natchez,  St.  Lou.is 
(1841-43),  Memphis  (which  has  been  called  'the  graveyard  of  children'),  and  in  many 
other  large  American  cities,  including  even  the  Californian  towns  of  San  Francisco 
and  Monterey,  where  King  says,  'more  children  die  of  cholera  infantum  and  lobular 
pneumonia  than  from  any  other  disease.'  " 

As  has  been  stated,  Benjamin  Rush  is  credited  with  writing,  in  1793, 
the  first  description  of  this  disease,  under  the  title,  "An  Inquiry  Into 
the  Cause  and  Cure  of  the  Cholera  Infantum."    He  wrote  as  follows: 
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"By  this  name  I  mean  to  designate  a  disease,  called  in  Pliiladelphia,  'the  vomiting 
and  jrarging  of  children. '  I'rom  tlie  regularity  of  its  appearance  in  the  summer 
months,  it  is  likewise  known  by  the  name  of  Hhe  disease  of  the  season.'  It  prevails 
in  most  of  the  large  towns  of  the  United  States.  It  is  distinguished  in  Charleston,  in 
South  Carolina,  by  the  name  of  'the  April  and  May  disease, '  from  making  its  tirst 
appearance  in  those  two  months.  It  seldom  appears  in  Philadelphia  till  the  middle  of 
June,  or  the  beginning  of  July,  and  generally  continues  till  near  the  middle  of  Septem- 
l)er.  Its  frequency  and  danger  are  always  in  propoi'tion  to  the  heat  of  the  weather. 
It  affects  children  from  the  tirst  or  second  week  after  their  birth,  till  they  are  two 
years  old.  It  sometimes  begins  with  a  diarrhea,  which  continues  for  several  days  without 
any  other  symptoms  of  indisposition :  but  it  more  frecjuently  comes  on  with  a  violent 
vomiting  and  purging,  and  a  high  fever.  The  matter  discharged  from  the  stomach 
and  bowels  is  generally  yellow  or  green,  but  the  stools  are  sometimes  slimy  and  bloody, 
without  any  tincture  of  bile.  In  some  instances  they  are  nearly  as  limpid  as  water. 
Worms  are  frequently  discharged  in  each  kind  of  the  stools  that  has  been  described. 
The  children,  in  this  stage  of  the  disease,  appear  to  suffer  a  good  deal  of  pain.  They 
di'aw  up  their  feet,  and  are  never  easy  in  one  posture.  The  pulse  is  quick  and  weak. 
The  head  is  unusually  warm,  while  the  extremities  retain  their  natural  heat  or  incline 
to  lie  cold.  The  fever  is  of  the  remitting  kind,  and  discovers  Oi-^adent  exacerbations 
especially  in  the  evenings.  The  disease  affects  the  head  so  much,  as  in  some  instances 
to  produce  symptoms  not  only  of  delirium,  but  of  mania,  insomuch  that  the  children 
throw  their  heads  backwards  and  forwards,  and  sometimes  make  attempts  to  scratcli, 
and  to  bite  their  parents,  nurses,  and  even  themselves.  A  swelling  frequently  occurs 
in  the  abdomen,  and  in  the  face  and  limbs.  An  intense  thirst  attends  every  stage 
of  the  disease.  The  eyes  appear  languid  and  hollow,  and  the  children  generally  sleep 
with  them  half  closed.  Such  is  the  insensibility  of  the  system  in  some  instances  in 
this  disease,  that  flies  have  been  seen  to  alight  upon  the  eyes  when  op)en,  without 
exciting  a  motion  in  the  eyelids  to  remove  them.  Sometimes  the  vomiting  continues 
without  the  purging,  but  more  generally  the  purging  continues  without  the  vomiting, 
through  the  whole  course  of  the  disease.  The  stools  are  frequently  large,  and  extreme- 
ly fetid,  but  in  some  instances  they  are  without  smell,  and  resemble  drinks  and  ali- 
ments which  have  been  taken  into  the  body.  The  disease  is  sometimes  fatal  in  a  few 
days.  I  once  saw  it  carry  off  a  child  in  four  and  twenty  hours.  Its  duration  is 
varied  by  the  season  of  the  year,  and  by  the  changes  in  the  temperature  of  the  weathei-. 
A  cool  day  frequently  abates  its  violence,  and  disposes  it  'to  a  favorable  termination. 
It  often  continues,  with  occasional  variations  in  its  appearance,  for  six  weeks  or  two 
months.  Where  the  disease  has  been  of  long  continuance,  the  approach  of  death  is 
gradual,  and  attended  by  a  number  of  distressing  symptoms.  An  emaciation  of  the 
body  to  such  a  degree,  as  that  the  bones  come  through  the  skin,  livid  spots,  a  singultus, 
convulsions,  a  strongly  marked  hippoci'atic  countenance,  and  a  sore  mouth,  generally 
precede  the  fatal  termination  of  this  disease.  Few  children  ever  recover,  after  the  last 
symptoms  which   have  been   mentioned  make  their   appearance." 

Rush  discusses  the  causes  to  which  this  disease  had  been  up  to  that 
time  attributed.  Tlie  belief  most  generally  held  was  that  the  disease  is  a 
result  of  dentition,  l)ut  Rush  points  out  that  children  teethe  at  all  periods 
of  the  year,  while  they  have  cholera  infantum  only  in  the  hot  months  of 
summer.  It  had  been  believed  that  worms  played  a  part  in  the  causation 
of  this  disease,  but  Rush  states  that  intestinal  worms  are  frequent  in 
children  and  never  cause  an  idiopathic  fever.     Moreover,  in  autopsies 
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held  after  death  from  cholera  infantum,  it  occasionally  happened  that  no 
worms  could  be  found.  The  causal  importance  of  summer  fruits  was 
easily  disposed  of,  because  children  on  farms  eat  more  fruit  and  have 
less  cholera  infantum  than  those  in  cities. 

Rush  advised,  for  the  prevention  of  this  disease,  the  following  pro- 
cedures: 

''(1)  The  daily  use  of  the  cold  bath.  (2)  A  faithful  and  attentive  accommoda- 
tion of  tlie  dresses  of  children  to  the  state  and  changes  of  the  air.  (3)  A  moderate 
quantity  of  salted  meat  taken  occasionally  in  those  months  in  which  the  disease  usually 
prevails.  It  is  perhaps  in  part  from  the  daily  use  of  salted  meat  in  diet,  that  the 
children  of  country  peojile  escape  this  disease.  (4)  The  use  of  sound,  old  wine  in 
the  summer  months.  From  a  teaspoonful,  to  half  a  wine  glass  full,  according  to  the 
age  of  the  child  may  be  given  every  day.  It  is  remarkable,  that  the  children  of  per- 
sons in  easy  circumstances,  who  sip  occasionally  with  their  parents  the  remains  of  a 
glass  of  wine  after  dinner,  are  much  less  subject  to  this  disease,  than  the  children  of 
poor  people,  who  are  without  the  benefit  of  that  article  of  diet.  (5)  Cleanliness,  both 
with  respect  to  the  skin  and  clothing  of  children.  Perhaps  the  neglect  of  this  direction 
may  be  another  reason  why  the  children  of  the  poor  are  most  subject  to  this  disease. 
(6)  The  removal  of  children  into  the  country  before  the  approach  of  warm  weather. 
This  advice  is  peculiarly  necessary  during  the  whole  period  of  dentition.  I  have  never 
known  but  one  instance  of  a  child  being  affected  by  this  disease,  who  had  been  carried 
into  the  country  in  order  to  avoid  it." 

Creighton  in  1894,  wrote  as  follows: 

"Infantile  diarrhea  and  the  cholera  nostras  of  adults  are  closely  allied  in  symp- 
toms and  pathology,  but  they  are  so  unlike  in  their  fatality  that  they  are  best 
considered  apart.  Dysentery  is  sufficiently  distinguished  from  choleraic  disorders 
even  in  nosological  respects,  and  except  in  Ireland,  where  its  history  has  been 
somewhat  special,  it  might  have  been  made  the  subject  of  a  separate  chapter  in 
British  epidemiology.  But,  for  the  same  reason  as  in  the  cases  of  influenzas  and 
epidemic  agues  and  of  scarlatina  and  diphtheria,  it  is  necessary  in  a  historical 
review  to  include  infantile  diarrhea,  cholera  nostras  of  adults  and  dysentery  in 
one  chapter,  the  reason  being,  that  they  are  not  clearly  separated  in  the  earlier 
records.  So  little  are  they  separated  in  the  London  bills  of  mortality  that  the  younger 
Heberden,  in  his  fragment  upon  'The  Increase  and  Decrease  of  Diseases,'  has  under- 
stood the  name  of  ^griping  in  the  gids,'  under  which  enormous  totals  of  deaths  are 
entered  in  the  bills  for  many  years  of  the  earlier  period,  to  mean  dysentery  alone; 
having  assigned  that  meaning  tlo  the  name,  and  having  observed,  as  every  one  must, 
the  veiy  palpable  fact  that  'griping  in  tlie  guts'  steadily  declined  in  the  Bills  from 
the  end  of  the  seventeenth  centuiy  until  it  had  almost  disappeared  from  them  in  his 
own  time,  he  has  elaborately  proved  from  the  figures  that  dysentery  was  at  one  time 
among  the  most  important  causes  of  death  in  Loudon,  that  it  declined  in  the  most 
regular  way,  and  at  length  became  all  but  extinct.  This  illustration  of  the  increase 
or  decrease  of  diseases  has  seemed  so  apt,  the  statistical  demonstration  so  complete, 
that  it  has  beteome  a  favorite  example  of  those  broad  contrasts  between  the  public 
wealth  of  past  and  present  times  which  are  not  less  pleasing  in  rhetoric  than  they  are 
on  the  whole  true  in  fact.  But  it  happens  that  the  particular  instance  is  wholly 
fallacious  and  erroneous.  It  was  not  dysentery  that  the  article  'Griping  in  the  Guts' 
meant  for  the  most  part,  it  was  infantile  dianhea;   which  has  not  only  not  ceased  in 
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our  own  time,  but  is  comiuonly  believed  to  be  distinctively  a  product  of  the  industrial 
town  life  of  the  present  age.  I  shall  show  that  it  was  one  of  the  most  important 
causes  of  Loudon  mortality  from  the  Restoration  onwards,  and  that  although  it  is 
still  one  of  the  great  causes  of  death  in  infants,  yet  that  it  had  weekly  mortalities  in 
some  of  the  hot  summers  of  former  times  which  were  far  higher  in  ratio  of  the  num- 
bers living  than  the  diarrheal  death  rates  of  our  own  time.  So  far  as  concerns  dysen- 
tery itself,  it  is  indeed  now  rare  in  England  and  Scotland,  and  not  common  in  Ireland; 
but  the  real  history  of  its  decrease  has  been  altogether  different,  both  in  the  period 
of  it  and  in  the  extent  of  it,  from  what  Heberden  supposed.  There  are  two  reasons 
for  the  fallacy  and  error  of  that  writer;  the  first,  that  he  overlooked  the  question 
of  age  incidence  in  'griping  in  the  guts';  the  second,  that  he  failed  to  observe  that 
enormous  annual  totals  of  deaths  under  that  head  had  been  gradually  transferred  in 
the  bills  of  the  Parish  Clerks  to  the  head  of  'convulsions,'  until  there  were  only  a  few 
of  the  old  name  left. ' ' 

Creighton  has  given  an  interesting  report  on  the  summer  diarrheas  of 
infants  in  London  during  the  seventeenth  century  and  since.  Sydenham, 
whose  work  on  epidemic  constitutions  in  London  covers  25  years  from 
1661  to  1686,  does  not  spealv  esioecially  about  infantile  diarrhea,  but, 
incidentally  he  does  say  that  diarrhea  is  as  natural  to  infants  as  saliva- 
tion to  adults,  and  adds  that  many  thousands  of  infants  are  sacrificed  by 
the  imprudent  efforts  of  nurses  to  check  the  diarrheas.  He  was  also 
evidently  conscious  of  the  fact  that  choleraic  diseases  were  at  that  time 
most  fatal  in  the  hottest  months,  for  he  says  that  the  cholera  morbus  of 
August  differs  toto  caelo  from  the  disease  with  the  same  symptoms  at 
other  times  of  the  year.  Willis  recognized  the  fact  that  the  convulsions 
which  often  accompanj^  teething  were  due  in  large  part  to  intestinal 
disturbances.    He  wrote: 

' '  As  often  as.  the  cause  of  the  convulsive  distemper  seems  to  be  in  the  viscera, 
either  worms  or  sharp  humors,  stirring  up  to  torments  of  the  belly,  are  understood 
to  be  at  fault. ' ' 

Morton's  writings  are  equally  unsatisfactory  when  w^e  seek  for  infor- 
mation concerning  infantile  diarrhea.  The  fact  that  these  great  writers 
of  the  seventeenth  and  early  part  of  the  eighteenth  centuries  do  not 
dwell  more  specifically  upon  infantile  diarrhea  calls  forth  the  following 
comment  from  Creighton : 

"It  should  be  kept  in  mind,  however,  that  it  was  from  the  populous  liberties  and 
outparishes  occupied  by  the  working  class, — from  Cripi)legate,  Shoreditch,  Spitalfields, 
Wliitechapel,  St.  Olave's,  Southwark,  Newington  and  Lambeth,- — that  the  largest 
totals  in  the  bills  came.  Sydenham  iu  Pall  Mall,  Willis  in  St.  Martin's  Lane,  and 
Morton  in  Nawgate  Street,  were  not  likely  to  see  much  of  the  maladies  of  the  poorest 
class,  least  of  all  the  infantile  part  of  these;  and  the  fact  that  their  illustrative 
cases  of  choleraic  disease  are  mostly  of  adults  should  not  mean  that  the  age  of  infancy 
did  not  then  furnish  most  of  the  deaths,  as  it  certainly  did  in  later  times." 

Fortunately,  Harris  in  1689  wrote  a  book  on  the  acute  diseases  of 
infancy,  and,  that  he  was  dealing  with  a  disease  which  in  this  chapter 
we  are  calling  cholera  infantum,  is  shown  by  the  following  quotation : 
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"From  tlie  middle  of  July  to  the  middle  of  September  these  epidemic  gripes  of 
infants  are  so  common  (being  the  annual  heat  of  the  season  doth  entirely  exhaust 
their  strength)  that  more  infants,  affected  with  these,  do  die  in  one  month  than  in 
other  three  that  are  gentle." 

Creighton  sIioavs  quite  conclusively  that  in  the  earliest  mortality  sta- 
tistics in  London  infantile  diarrhea  was  generally  reported  under  the 
name  of  griping  in  the  guts ;  that  during  the  latter  part  of  the  seven- 
teenth century  and  first  part  of  the  eighteenth  this  designation  was 
gradually  changed  from  griping  in  the  guts  to  convulsions,  the  latter 
term  having  quite  completely  supplanted  tlie  former  by  the  year  1728. 
Creighton  says: 

"After  that  year  (1728)  it  is  obvious  that  any  excessive  mortality  of  the  six  or 
eight  hot  weeks  of  late  summer  or  autumn  corresponds  to  a  great  increase  of  the 
deaths  under  two  years,  which  is  also  the  increase  of  deaths  from  convulsions.  But 
those  were  the  '  convulsions '  of  a  particular  season,  occupying  exactly  the  place 
which  'griping  in  the  guts'  held  in  the  weekly  bills  of  certain  years  in  the  earlier 
period.  As  most  of  the  deaths  from  infantile  diarrhea  are  really  from  convulsions, 
it  is  easy  to  see  that  high  weekly  totals  of  deaths  under  that  generic  name  must 
have  been  from  infantile  diarrhea — when  they  began  to  rise  in  August  far  above 
the  ordinary  level  of  convulsions  to  fall  to  the  level  again  in  October.  It  is  by 
precisely  the  same  reading  between  the  lines  that  we  discover,  under  the  head  of 
'diarrhea  and  dysentery'  in  the  modern  registration  returns,  that  there  is  hardly 
any  fatal  dysentery,  not  much  fatal  diarrhea  of  adults,  but  an  erroneous  fatality 
from  the  diarrhea  of  infants,  especially  in  summer." 

During  the  hot  weeks  of  certain  years  during  the  eighteenth  century 
the  total  deaths  in  London  were  nearly  twice  the  total  births,  and  about 
half  these  deaths  were  in  children  under  two  years  of  age  and  were  re- 
ported as  due  to  convulsions  or  griping  in  the  guts.  Much  the  same  con- 
dition prevailed  in  London  during  the  nineteenth  century,  as  is  shown  in 
Table  V  taken  from  Creighton. 

Table  V 
Mortality  rROJi  Diarrheal  Diseases  per  1,000,000  Living  at  the  Age  Periods 

ALL  AGES  0-5  5-10 

1851-60  1080  5263  229 

1861-70  1076  5985  160 

1871-80  9.35  5728  69 

Creighton  jDoints  out  that  during  the  seventeenth  and  eighteenth  cen- 
turies London  was  the  only  great  urban  community  in  the  Kingdom  and 
that  it  was  far  more  urban  in  a  bad  sense  then  than  it  is  now.    He  says: 

"The  houses  stood  closer  together,  many  of  them  back  to  back  in  courts  and  alleys. 
The  streets  were  narrower.  The  inhabited  area  had  few  or  no  open  spaces  besides  the 
bed  of  the  Thames.  Not  only  the  city  and  Liberties,  but  also  the  outparishes,  were 
compact,  as  if  within  a  ring  fence,  joining  on  to  the  open  country  abruptly,  and  not 
as  now  in  straggling  suburbs.     It  was  hardly  possible  to  take  children  out  for  an 
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airing,  except  in  the  West  End.  When  Lettsom  about  1770  applied  the  fresh  air 
treatment  to  convalescent  cases  of  typhus,  he  had  to  send  the  patients  to  loiter  on 
the  bridges  spanning  the  Thames.  As  Cobbett  said,  London  was  a  'great  wen,'  in 
the  correct  sense  of  a  shut  sac  which  grew  by  distention.  The  soil  was  full  of 
organic  impurities,  including  the  decompositions  of  many  generations  of  the  dead. 
A  hot  summer  in  former  times  raised  efBuvia  from  the  ground  such  as  the  modern 
residents  have  no  experience  of.  The  life  indoors  was  equally  adverse  to  infants. 
Fustiness  was  favored  by  the  window  tax;  a  tenement  house  was  apt  to  be  per- 
vaded by  the  excremental  effluvia  from  the  vault  at  the  bottom  of  the  stair.  The 
worst  time  of  all  in  London  was  the  great  drunken  period  from  about  1720  onwards. 
Doubtless  drink  was  then  used,  as  it  is  sometimes  now,  to  drug  the  fretful  infants 
into  torpor;  but  it  told  also  upon  them  indirectly,  inasmuch  as  dissolute  parents 
would  have  bred  children  with  mala  stamina  vitae.  In  all  these  respects  there  has 
been  so  great  an  improvement  in  London  that,  although  its  population  now  (1894) 
exceeds  four  millions,  its  death  rate  from  infantile  diarrhea,  a  distinctively  urban 
disease,  exceeds  only  by  a  little  the  mean  of  all  England  and  Wales." 

In  recent  years  the  death  rates  under  one  year  of  age  per  100,000 
births  is  greater  in  certain  manufacturing  cities  in  England,  such  as 
Liverpool,  Manchester,  and  Preston  than  it  is  in  London.  It  is  worthy  of 
remark  that  the  death  rate  from  all  causes  is  highest  in  those  cities 
showing  the  highest  death  rates  under  one  year  of  age.  This  we  deem 
a  most  positive  negative  answer  to  those  who  claim  that  the  diseases 
of  infancy  and  childhood  weed  out  the  unfit  and  thus  benefit  the  race. 
Ballard  has  shown  that  of  332  infants  dying  of  diarrhea  in  Leicester 
in  1881  and  1882,  141,  or  42.5  per  cent,  were  healthy,  and  191,  or  57.5 
per  cent,  were  weakly,  thus  showing  that  infantile  diarrhea  makes  but 
little  discrimination  between  the  fit  and  the  unfit.  As  we  shall  attempt 
to  show  later,  infantile  diarrhea  is  essentially  a  form  of  food  poisoning 
and  the  effects  of  these  poisons  are  not  determined  by  the  fitness  or 
unfitness  of  the  infant  to  live,  but  rather  upon  the  amount  of  the  poison 
administered  in  the  form  of  food  and  the  frequency  of  its  administra- 
tion. It  is  only  fair  to  say  that  Creighton  does  not  agree  on  this  point 
with  Ballard  or  ourselves  and  thinks  that  poor  stamina,  as  he  calls  it, 
is  a  powerful  factor  in  influencing  the  death  rate  from  infantile  diarrhea. 
He  states  that  if  the  terms  ''healthy"  and  "weakly"  were  as  determinate 
as  bushels  of  grain,  there  would  be  more  fitness  in  this  resort  to  numer- 
ical precision.  We  might  reply  by  saying  that  his  estimate  of  "stamina" 
is  quite  as  indeterminable  as  is  our  measure  for  healthy. 

All  through  English  statistics  and  epidemiologic  reports  from  the 
beginning  of  the  sixteenth  century  to  the  present,  it  appears  that  un- 
usually hot  seasons  have  been  marked  b};^  undue  prevalence  and  a  high 
death  rate  among  infants  under  two  years  of  age.  The  years  1539  and 
1540  were  known  all  over  Europe  for  the  exceedinglv  high  temperature 
of  the  summer  months  and  for  the  great  prevalence  of  choleraic  diseases, 
especially  among  children.     Sydenham  regarded  the  seasonal  increase 
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of  cholera  morbus,  under  wliich  lie  classed  diarrhea  in  botli  infants  and 
adults,  as  coming  on  with  the  same  regularity  as  the  swallow  in  spring 
or  the  cuckoo  in  summer.  It  is  undoubtedly  true  that  the  high  death 
rates  during  the  hot  years  were  not  wholly  due  to  the  increased  preva- 
lence of  cholera  infantum,  but  were  in  part  augmented  by  cholera 
nostras  in  adults.  Willis,  writing  of  the  London  cholera  in  1669-1670, 
says: 

"I  knew  a  great  many  that,  though  the  day  before  they  were  well  enough  and 
very  hearty,  yet  within  12  hours  were  so  miserably  cast  down  by  the  tyranny  of 
this  disease  that  they  seemed  ready  to  expire,  in  that  their  pulse  was  weak  and 
slender,  a  cold  sweat  came  upon  them  and  their  breath  was  short  and  gasping;  and 
indeed  many  of  them,  that  wanted  either  fit  remedies  or  the  help  of  physicians,  died 
quickly  of  it.  This  distemper  raged  for  a  whole  month,  but  began  to  decrease 
about  the  middle  of  October  and  before  the  first  of  November  was  almost  quite 
gone. " 

When  Asiatic  cholera  first  appeared  in  England  in  1831  there  was 
much  discussion  as  to  whether  it  Avas  the  foreign  disease  or  the  recur- 
rence of  the  virulent  cholera  morbus  which  the  records  showed  had 
raged  with  great  virulence  during  unusuall}^  hot  seasons  as  far  back  as 
three  centuries.  Subsequent  events,  however,  demonstrated  that  Asiatic 
cholera  differs  etiologically  and  epidemiologically  from  both  cholera 
morbus  and  cholera  infantum. 

In  1825  Condie  wrote  rather  extensively  upon  cholera  infantum,  but 
he  devoted  himself  largely  to  symptomatology,  pathology,  and  treatment. 
In  discussing  diet,  he  states  that  when  cow's  milk  is  used  it  should  be 
perfectly  fresh  and  should  always  be  boiled.  It  appears  from  this  that 
the  employment  of  sterilized  milk  in  cholera  infantum  is  by  no  means 
confined  to  recent  years.  It  is  worthy  of  note  that  Condie  and  many 
other  early  writers  on  this  disease  called  attention  to  the  fact  that 
children  suffering  from  it,  and  especially  during  recovery,  eat  with  great 
eagerness,  and  without  apparent  harm,  salted  fish. 

Potter  (1833)  states  that  cholera  infantum  was  unknown  among  the 
aborigines  in  this  country  and  that  it  did  not  appear  among  the  European 
settlers  until  the  Atlantic  cities  had  grown  to  be  quite  large.  This 
author,  like  most  others,  places  great  stress  upon  the  etiologic  impor- 
tance of  temperature.    He  writes  as  follows: 

"If  we  analyze  all  the  circumstances  under  which  the  disease  is  gradually 
evolved,  in  the  infantile  system,  and  duly  estimate  their  influence,  it  cannot  be  very 
difficult  to  find  a  rationale  of  the  whole  process  of  causation.  What  palpable  cause 
can  be  assigned  in  early  summer  so  obvious  as  the  overwhelming  influence  of  a 
high  temperature^  upon  the  exquisitely  sensitive  nervous  system  of  children?  It  is 
scarcely  possible  to  resist  the  conclusion  that  the  matter  of  heat  gives  the  first 
impulse,  and  that  it  originates  a  peculiar  train  of  symptoms,  in  the  relative  con- 
dition of  infancy  and  childhood,  for  which  no  other  cause  can  account.     Unless  we 
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are  deceived,  we  must  allow  a  much  greater  latitude  to  this  all  pervadiug  element, 
which  will  be  found  to  exert  a  powerful  influence  oa  animate  matter.  In  its  action 
on  the  sentient  system,  it  seems  to  be  demonstrated,  that  it  constitutes  the  first 
link  in  the  chain  of  causation  of  a  distinct  genus  of  diseases,  if  it  be  possible  to 
arrange  them  into  several  species,  according  to  the  organisms  involved.  If  we  were 
to  attempt  to  frame  a  synoptical  table  of  diseases,  it  Avould  be  impossible  to  resist 
the  evidences  of  the  power  of  heat  in  originating  a  genus  peculiar  to  itself.  With- 
out such  an  active  principle,  both  the  varieties  of  cholera,  some  of  those  of  dysen- 
tery, summer  diarrhea,  many  cases  of  chronic  hepatitis,  as  v^'cll  as  functional  irregu- 
larities of  tlie  liver,  would  be  anomalies  in  nosolog}^" 

Potter  calls  attention  to  the  fact  tliat  a  fall  in  temperature  of  from 
four  to  five  degrees  after  a  rain  has  a  salutary  effect  on  children  sick 
at  the  time,  reviving  them  in  a  most  marked  manner.  In  Baltimore  he 
found  most  cases  of  cholera  infantum  in  July.  He  held  that  the  preva- 
lence of  the  disease  was  modified  by  the  cooler  nights  of  August  and 
gradually  eliminated  with  the  approach  of  autumn.  He  dwells  upon  the 
desirability  of  breast  feeding  and  suggests  that  the  best  of  cow's  milk 
is  not  a  fit  substitute  for  that  of  the  mother.  He  recommends  that 
children  be  sent  to  the  country  with  the  coming  on  of  hot  weather  as 
a  preventive  measure  and  he  advises  that  deeply  shaded  locations  be 
selected.  In  his  practice  he  found  that  localities  which  had  been  stripped 
of  their  forests  ceased  to  be  proper  places  for  summer  resorts  for  chil- 
dren.   He  wrote : 

"A  hut,  surrounded  by  woods,  with  only  a  yard  and  kitchen  garden,  is  the  most 
eligible  spot  that  can  be  selected  as  an  asylum  against  the  disease,  although  there 
are  many  small  settlements,  only  occupied  o.  few  years,  that  serve  as  a  sufficient 
protection. ' ' 

Some  of  Potter's  remarks  concerning  the  general  hygienic  care  of 
infants  are  quite  up  to  date.  He  recommends  that  during  hot  weather 
children  should  not  be  clothed  too  heavily,  that  the}^  should  have  daily 
cold  baths,  and  that  no  mother  should  fail  to  be  informed  concerning  the 
dangers  of  artificial  feeding.  He  recommends  that  children  should  not 
be  weaned  between  the  months  of  May  and  October,  and  states  that 
nine-tenths  of  those  who  are  deprived  of  the  breast  in  June  and  July 
suffer  from  cholera  infantum.  He  does  not  fail  to  dwell  upon  the  im- 
portance of  the  food  selected  by  the  mother. 

Lindsly  (1839)  reported  on  cholera  infantum  as  seen  in  Washington, 
stating  that  one-half  the  total  deaths  in  that  city,  and  in  some  years  more 
than  one-half,  occurred  in  July  and  August  and  w^ere  in  children  under 
two  years  of  age.  The  chief  caitse  of  these  deaths  was  cholera  infantum, 
or,  as  it  was  locally  designated,  summer  complaint.  He  attributed  the 
chief  cause  to  high  temperature,  recognizing  that  improper  food  and 
dentition  increase  the  fatality.     Around  AVashington  at  that  time  it  "jvas 
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difficult  to  find  country  refuges  from  this  disease,  on  account  of  the  wide 
prevalence  of  malaria. 

Stewart  condemned  feather  beds  and  heavy  bedclothing  and  recom- 
mended hard  mattresses  with  light  covering.  He  also  emphasized  the 
fact  that  infants  often  get  thirsty  and  appreciate  cool  water,  especially 
on  hot  nights,  and  that  every  demand  for  drink  does  not  mean  that  milk 
or  other  food  is  wanted.    In  regard  to  the  cause,  Stewart  wrote: 

"It  is  a  remarkable  fact  in  the  history  of  this  disease,  that  three  circum- 
stances are  necessary  to  its  production.  The  state  of  the  system  occurring  during 
dentition,  a  high  atmospheric  temperature,  and  an  impure  state  of  the  air;  no  one  of 
these  alone  is  in  general  sufficient  to  form  it;  nor  do  any  two  of  them  appear  to  be 
the  agents  of  its  formation.  It  never  appears  in  the  pure  air  of  the  country;  nor 
does  it  prevail  in  cities  at  any  other  season  than  the  summer;  nor  does  it  attack 
children,  except  during  the  period  of  dentition;  scarcely  ever  occurring  after  the 
teetli  have  all  appeared.  To  this  last  rule  there  have  been  a  few  exceptions;  and 
the  disease  is  then  always  attributable  to  some  error  in  diet,  by  which  the  develoi^- 
nient  of  the  follicular  apparatus  takes  place  prematurely,  placing  the  child  in  the 
same  pathological  condition  as  that  which  occurs  during  the  time  of  dentition,  from 
a  natural,  though  at  times  an  excessive  development  of  the  mucous  follicJes  of  the 
intestines;  a  state  which  we  have  already  seen  to  be  the  morbid  condition  of  the 
bowels  in  this  disease." 

It  will  be  noticed  from  this  quotation  that  Stewart  did  not  place 
great  stress  upon  artificial  feeding.  In  this  respect  he  differed  from 
most  of  his  contemporaries.  He  overemphasized  dentition  and  it  was 
pointed  out  by  others  that  children  teethe  in  winter  but  do  not  have 
cholera  infantum  in  the  cold  months. 

The  year  1872  Avas  in  Philadelphia  the  hottest  on  record  up 
to  that  time.  The  average  temperature  during  July  from  7  a.m. 
to  9  P.M.  was  81.11,°  while  that  for  August  was  only  a  fraction  below 
80.°  The  summer  was  not  only  hot,  but  it  was  unusually  wet.  The 
rainfall  during  the  three  summer  months  amounted  to  nearly  eighteen 
and  one-half  inches  and  during  July  and  August  there  Avere  30  days  on 
Avhich  rain  fell.  It  is  said  that  subtropical  birds,  which  had  ncA^er  been 
seen  north  of  the  shores  of  the  Gulf  of  Mexico,  invaded  the  city.  The 
Aveekly  mortality  ran  as  high  as  855,  equiA^alent  to  an  annual  mortality 
of  63  to  the  thousand.  Cholera  infantum  Avas  accredited  with  1,666 
deaths,  nearly  tAvice  the  number  caused  by  this  disease  in  the  preceding 
summer.  Besides,  about  1,000  cases  Avere  attributed  to  the  wasting 
diseases  of  infancy  and  638  to  conA^Usions.  It  is  more  than  probable 
that  large  proportions  of  these  Avere  in  reality  due  to  infantile  diarrhea. 
The  total  deaths  of  infants  under  one  year  of  age  .for  the  year  1872  in 
Philadelphia  numbered  5,862,  while  those  for  children  under  five 
amounted  to  9,154.     An  interesting  report  concerning  the  meteorologic 
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and  hygienic  conditions  in  Philadelphia  for  1872  has  been  made  by  Lee, 
Hamilton,  Atkinson  and  Cohen. 

According  to  Webster,  cholera  infantum  caused  about  fifteen  per  cent 
of  the  infantile  mortality  in  Massachusetts  during  the  six  years  from 
1865  to  1870  and  22.18  per  cent  of  the  deaths  in  Boston  in  1870.  In 
Massachusetts  at  that  time,  84  per  cent  of  the  deaths  from  cholera  in- 
fantum, 57  per  cent  of  those  from  diarrhea,  and  76  per  cent  of  those 
from  dysentery,  occurred,  during  the  third  quarter  of  the  year,  with  a 
mean  temperature  of  about  67°.  The  following  sentence  from  "Webster's 
report  is  of  interest : 

"If  we  arrange  the  counties  of  Massachusetts  in  the  order  of  infant  and  of  gen- 
eral mortality,  for  1870,  the  two  lists  are  identical  with  the  single  exception  of 
Nantucket  where  the  former  is  very  low  and  the  latter  high,  from  well  known 
causes. " 

This  is  still  another  illustration  of  the  statement  that  we  have  re- 
peatedly made  that  in  localities  where  the  infant  mortality  is  high,  the 
general  mortality  is  also  high.  People  who  do  not  take  care  of  their 
children,  as  a  rule  have  not  reached  that  grade  of  intellectuality  which 
is  essential  before  a  community  knows  how  to  take  care  of  itself  and 
realizes  that  health  is  the  best  asset  any  community  can  have. 

In  the  early  seventies,  Webster  found  the  highest  infant  mortality  in 
Boston  among  immigrants.  The  worst  immigrant  sections  compared  with 
the  best  American  districts  showed  an  infant  mortality  of  five  to  one. 
Ignorance,  high  birth  rate  and  high  infant  mortality  are  frequently 
associated,  and  are  in  fact  intimately  connected,  constituting  a  vicious 
circle. 

The  Fiske  prize  of  the  Hhode  Island  Medical  Society  was  awarded  to 
King  in  1837  for  a  dissertation  on  cholera  infantum.  There  is  nothing 
of  importance  in  this  contribution;  indeed,  it  is  hardly  up  to  the  average 
of  contributions  to  this  subject  of  about  the  same  date.  King  believed 
that  cholera  infantum  is  due  to  a  specific  miasm  and  when  he  attempts 
to  explain  what  he  means  by  this  term  he  becomes  hopelessly  involved. 

Grant,  in  his  description  of  the  insanitary  condition  of  Memphis  in 
1852,  gives  a  realistic  picture  that  probably  Avould  have  been  applicable 
to  many  other  small  American  cities  of  that  time.  Dogs  and  hogs  were 
the  only  city  scavengers.  In  1852  the  population  of  Memphis  did  not 
exceed  10,000  and  8.20  per  cent  of  these  died  during  the  year;  nearly 
one  in  every  twelve,  or  a  death  rate  of  82  per  1,000.  More  than  one-third, 
of  all  the  deaths  were  in  children  under  five  years  of  age  and  Grant 
states  that  at  that  time  Memphis  had  been  stigmatized  as  the  graveyard 
of  children. 

Writing  in  1820  of  cholera  infantum  in  Philadelphia,  Meigs  says: 
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"In  our  mortality  bill,  for  1818,  I  find  the  record  of  173  cases  of  cholera  in- 
fantum; of  these,  105  died  under  one  year;  between  one  and  two  years,  68.  The 
whole  number  of  deaths  in  children  under  two  years  of  age,  in  all  diseases  and 
accidents,  with  the  exception  of  still  bom,  was  668.  Tliis  statement  leaves  a  pro- 
portion of  one  in  four  nearly,  of  deaths  from  cholera  infantum.  In  1819,  we  lost 
1,185  children  under  two  years  of  age.  If  we  leave  out  145  still  born,  we  have  1,040 
for  disease  and  accidents;  225  children,  under  two  years,  died  of  cholera,  so  that  in 
that  year,  not  quite  one  in  four  died  of  the  disease.  I  presume,  that  if  all  the  eases 
which  are  truly  dependent  on,  or  connected  intimately  with  our  disease,  were  re- 
ported, we  should  have  a  mortality  from  it  alone,  of  nearly  one  for  every  three  cases. 
This  is  enough  to  establish,  at  least,  the  high  importance  of  the  affection,  and,  in 
view  of  the  above  circuihstances,  the  strongest  interest  must  be  excited  to  investi- 
gate its  history  and  treatment." 

The  ideas  of  Meigs  concerning  tlie  etiology  of  cliolera  infantum  at 
that  time  were  very  hazy.    He  wrote: 

"From  what  I  have  said,  it  will  be  understood  that  I  wish  to  maintain  that 
cholera  infantum  depends  principally  on  a  loss  of  a  healthy  function  of  the  liver, 
and  that  most  of  the  collateral  symptoms  may  be  traced  to  the  pervading  influence 
exercised  by  that,  over  the  other  important  organs  of  the  body;  that  it  consists,  not 
in  an  organic  change  in  the  structure  of  the  organ,  but  x^robably  in  a  congested 
state  of  the  whole  system  of  the  vena  portae." 

Artificial  Feeding  and  Cholera  Infantum. — As  we  have  already  ob- 
served, it  was  long  ago  noticed  that  the  infantile  diarrheas  are  largely 
confined  to  children  who  are  artificially  fed.  This  has  been  so  evident, 
that  for  the  past  100  years  or  more  intelligent  physicians  have  advised 
mothers  that  failure  to  breast  feed  their  children  multiplies  many  times 
the  danger  and  the  probability  of  the  children  dying  before  they  reach 
two  years  of  age.  Furthermore,  these  same  physicians  advised  mothers 
against  weaning  children  between  the  months  of  May  and  October.  Since 
cholera  infantum  is  almost  exclusively  confined  to  the  artificially  fed  and 
since  the  bulk  of  the  food  in  artificial  feeding  consists  of  cow's  milk, 
there  must  be  some  relation  between  coav's  milk  and  the  prevalence  of 
the  disease.  It  seems  that  man  went  along,  certainly  up  to  the  early 
part  of  the  nineteenth  century,  without  being  conscious  of  the  possi- 
bility that  cow's  milk  might  become  poisonous,  especially  to  infants.  As 
the  settlement,  development,  and  concentration  in  cities  in  this  country 
proceeded,  the  infantile  death  rate  increased.  Having  fixed  his  attention 
upon  cow's  milk  as  a  possible  factor  in  the  causation  of  this  disease,  the 
medical  man  soon  learned  that  as  our  cities  grew  and  the  time  between 
drawing  the  milk  and  its  consumption  by  the  child  grew  longer,  cholera 
infantum  became  not  only  more  prevalent,  but  more  fatal.  This  observa- 
tion was  coupled  with  the  further  fact,  which  fairly  obtruded  itself  on 
the  medical  mind  for  centuries,  that  in  some  essential  way  the  develop- 
ment of  infantile  diarrhea  is  dependent  upon  temperature.    It  required, 
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therefore,  no  great  wisdom  to  lead  to  the  inquiry  as  to  what  effect  in- 
creasing temperature  and  prolongation  of  the  time  between  the  milking 
and  the  consumption  of  the  product  could  have  upon  the  properties  of 
the  milk.  It  was  observed  that  children  on  the  dairy  farm  drank  the 
milk  with  impunity  but  when  children  in  the  city,  from  24  to  60  hours 
later,  drank  the  same  milk  a  considerable  percentage  of  them  developed 
infantile  diarrhea  and  the  death  rate  from  this  cause  was  high.  Quite 
naturally,  the  first  investigations  of  coav's  milk,  so  far  as  it  concerns 
infantile  morbidity  and  mortality,  were  along  chemical  lines.  These 
studies  led  to  the  enactment  of  laws  bearing  upon  the  chemical  com- 
position of  milk  sold  in  cities.  Such  milk  must  contain  not  less  than 
12^/2  or  13  per  cent  of  milk  solids  and  not  less  than  3  or  3%  per  cent  of 
butter  fat.  Skimmed  milk,  if  sold  at  all,  must  be  dispensed  from  cans 
plainly  marked  with  the  true  nature  of  the  contents.  These  regulations 
were  not  without  good  results.  It  was  the  custom  in  the  seventies  of 
the  nineteenth  century  for  the  dairymen  roundabout  Philadelphia  and  in 
other  cities  to  dilute  the  lacteal  fluid  with  ten  per  cent  of  water,  claim- 
ing, and  honestly  believing,  that  if  consumed  without  dilution  it  would 
prove  altogether  too  rich  in  fat  for  the  good  of  the  infant  urban  con- 
sumers. When  this  milk  reached  the  central  depot  in  the  city  the  dis- 
tributor often  added  another  ten  per  cent  of  water  and  not  infrequently 
the  retail  dealer  still  further  diluted  and  reduced  the  food  value  of  this, 
the  sole  article  of  diet  for  thousands  of  children.  There  can  be  no  doubt 
that  for  many  years  these  practices  were  in  vogue  among  milk  dealers 
in  many  of  our  larger  cities  and  they  were  not  altogether  unknown 
among  those  Mdio  supplied  this  product  to  the  inhabitants  of  smaller 
cities.  In  the  seventies  and  eighties  we  frequently  took  milk  directly 
from  the  cans  of  the  traveling  distributor  and  a  sample  from  the  table 
of  the  boarding-house  in  Ann  Arbor  and  found  from  ten  to  twenty  per 
cent  more  water  in  the  milk  from  the  boarding-house  table  than  in  .that 
from  the  can  of  the  vender. 

The  next  trick  tried  by  the  milkman  was  the  addition  of  chemical 
preservatives  to  his  product.  He  desired  to  delay  the  souring  of  milk, 
Avhicli  "would  be  easily  recognized  by  the  consumer  and  probablj^  lead  to 
the  transfer  of  trade.  To  meet  this  fraud,  laws  were  enacted  forbidding 
the  addition  of  any  preservative  to  milk.  It  may  be  remarked  paren- 
thetically that  there  were  many  law  suits  in  which  the  question  of  the 
harmfulness  of  formaldehyd  and  other  milk  preservatives  was  discussed 
in  the  courts.  Some  of  these  questions  were  never  scientifically  settled. 
Writing  in  1920,  Park  says  : 

"The  addition  of  germicidal  substances  to  milk  is  illegal  in  almost  every  com- 
munity; yet  it  must  be  conceded  that  some  of  these  in  small  amounts  are  probably 
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harmless,  -while  others  are  clistin(3tly  poisonous.  I  have  watched  infants  throughout 
a  summer  which  were  fed  on  one  part  of  formal  dehyd  to  20,000  jDarts  of  milk,  and 
did  not  observe  that  they  suffered  in  the  slightest.  Kittens  grew  to  adult  size  on 
such  milk  in  j)erf-ect  health,  and  their  tissues  when  examined  under  the  microscope 
appeared  to  be  perfectlj^  normal.  The  digestive  enzymes  have  been  found  by  inves- 
tigation not  to  be  interfered  with  by  a  moderate  amount  of  several  other  antiseptics. 
In  spite  of  the  harmlessness  of  the  addition  of  small  amounts  of  formaldehyd  or  of 
certain  other  bactericidal  substances,  the  practice  is  universally  condemned  because 
of  the  difficulty  of  controlling  the  amount'  and  varieties  used. ' ' 

Vaughan,  writing  on  the  use  of  food  preservatives  at  the  time  (1905) 
when  discussion  of  this  subject  Avas  at  its  height,  said: 

"From  experiments  made  in  my  laboratory,  I  can  state  that  the  addition  of 
formaldehyd  to  milk  in  quantities  varying  from  1-25,000  to  1-50,000  retards  the 
growth  of  the  lactic  acid  bacillus  and  thus  delays  the  souring  of  milk,  while  it  has 
but  little  effect  on  the  multiplication  of  colon  and  typhoid  bacilli.  The  most  ignorant 
mother  knows  enough  not  to  give  her  babe  sour  milk,  but  even  the  most  intelligent 
mother  might  give  the  formaldehyd  milk,  laden  with  its  poison-producing  bacteria, 
because,  so  far  as  she  can  judge  by  appearance  and  taste,  it  is  all  right.  The  man 
who  adds  formaldehyd  to  his  milk  takes  down  the  danger  signal  but  does  not  remove 
the  danger.  Is  he  a  ijhilanthropist  or  is  he  guilty  of  manslaughter  when  the  child 
fed  on  this  milk  dies?  In  cases  of  this  kind,  it  matters  not  whether  the  preservative 
is  directly,  and  in  and  of  itself,  harmful  to  the  human  body  or  not,  its  use  should 
lie  i:>roliibited.  I  am  by  no  means  sure  that  formaldehyd  in  the  quantities  in  which 
it  is  used  in  milk  is,  in  and  of  itself,  of  great  harm  to  the  body  of  man,  but  I  am 
convinced  that  its  use  in  milk,  especially  that  fed  to  infants,  is  very  properly  con- 
demned by  the  laws  of  many  states.  *  *  *  So-called  preservatives  that  remove 
the  danger  signal  and  leave  the  danger  untouched  should  be  condemned  whether  it 
can  be  shown  that  the  substance  employed  is  a  poison  or  not.  Even  the  most  inert 
body  belonging  to  this  class  should  not  be  used,  and  certainly  not  in  food  fed  to 
children,  so  large  a  proportion  of  w^honi  die  from  milk  poisoning." 

Observation  year  by  year  has  made  it  more  certain  that  there  is  a 
direct  relation  betAveeu  cow's  milk  used  as  a  food  and  infantile  diarrhea; 
that  this  relation  is  not  determined  by  the  chemical  composition  of  the 
milk,  i.e.,  by  the  proportion  of  carbohydrates,  fats,  and  proteins,  and 
that  this  relation  is  determined  wholly  by  the  bacterial  content  of  the 
milk.  If  sterilized  capillary  tubes  be  passed  into  the  thoroughly  cleansed 
udders  of  health}-  coavs  and  milk  collected  in  these,  it  will  be  found  that 
such  milk  is  sterile.  This,  however,  is  not  true  of  milk  as  draAvn  from 
the  udder  even  under  the  best  practical  conditions.  Such  milk  always  con- 
tains a  few  bacteria,  mostly  streptococci  and  staphylococci,  for  the  most 
part  in  market  milk  eliminated  by  the  growth  of  other  microorganisms 
which  find  their  way  into  milk  from  extraneous  sources.  Milk  is  a  good 
culture  medium  for  bacteria  from  manure,  falling  hairs,  from  epithelial 
scales  rubbed  from  the  udders  of  the  cow  by  the- hand  of  the  milker, 
and  for  those  AAdiich  reach  the  milk  through  dust,  dirt,  and  possibly 
other  sources.     After  milk  is  drawn,  both  the  kind  and  the  number  of 
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bacteria  found  in  it  will  vary  greatly  with  conditions,  especially  such 
as  exposure  to  contamination  and  temperature. 

The  following  procedures,  more  or  less  modified  to  suit  conditions, 
are  as  a  rule  followed  at  present  (1922)  in  all  dairies  supplying  milk  to 
cities:  (1)  Milch  cows  are  not  to  be  exposed  to  undue  weather  condi- 
tions and  are  not  to  be  subjected  to  abuse  of  any  kind.  (2)  The  bodies 
of  cows  are  cleaned  dail}^,  the  hair  about  the  udders  is  kept  closely 
cropped,  and  the  teats  are  wiped  with  a  clean,  damp  cloth  and  dried 
before  milking.  (3)  Decomposing  food  and  refuse  from  manufacturing 
establishments  are  not  to  be  fed  to  the  cows  and  salt  should  always  be 
Avithin  their  reach.  (4)  The  cows  should  have  constant  access  to  pure 
Avater.  (5)  The  stables  must  be  clean,  well  ventilated,  and  should  pro- 
vide for  at  least  500  cubic  feet  of  air  per  animal.  (6)  The  floors,  walls, 
and  ceilings  of  the  stables  should  be  tight,  kept  free  from  cobwebs  and 
whitewashed  at  least  twice  a  year.  (7)  Manure  is  removed  daily  from 
the  stables.  Lime  is  sprinkled  daily  on  the  floor  and  in  the  gutter.  (8) 
When  the  milk  is  drawn  from  a  cow  it  is  immediately  carried  to  the 
milk-house,  strained  through  absorbent  cotton,  cooled,  and  kept  at  a 
temperature  not  above  50°  F.  The  milk-house  is  screened  and  kept  free 
from  flies.  (9)  Milk  pails  are  thoroughly  Avashed  or  steamed  before  each 
milking.  (10)  The  milker  wears  clean,  Avhite  outer  garments  and  Avashes 
and  dries  his  hands  before  milking.  (11)  Cows  are  quietly  and  thor- 
oughly milked  at  the  same  hour  morning  and  evening  and  in  the  same 
order.  (12)  If  any  part  of  the  milk  is  of  unnatural  appearance  or  if 
by  accident  dirt  gets  into  the  milk  pail,  the  content  of  that  pail  is  re- 
jected. (13)  Careful  observation  of  the  personnel  of  the  dairy  is  made 
day  by  day  and  no  person  exposed  to  a  contagious  disease  is  permitted 
to  milk.     (14)  Milk  is  shipped  in  refrigerator  cars. 

Four  factors  must  above  all  others  be  kept  in  mind  if  a  sanitary  and 
satisfactory  milk  supply  is  to  be  produced — (1)  the  employment -of  a 
small-top  milk  pail,  (2)  sterile  utensils,  (3)  clean  cattle  and  stable  and 
(4)  the  immediate  cooling  of  the  milk  to  beloAv  60°  F.  and  preferably 
beloAv  50°  F.  The  efforts  of  dairy  inspection  agencies  should  be  largely 
confined  to  these  four  important  factors. 

In  some  dairies  milking  is  done  by  machinery. 

According  to  Park,  the  sale  of  the  folloAving  grades  of  milk  is  per- 
mitted in  NcAv  York  Cit.y :  Grade  A  raw  milk  or  cream ;  this  must  come 
from  herds  Avhich  are  tested  annually  Avith  tuberculin  and  found  free 
from  tuberculosis.  This  grade  of  milk  must  contain  not  more  than 
60,000  bacteria  per  c.c.  and  the  cream  not  more  than  300,000  bacteria 
per  c.c.  at  any  time  during  transit  or  at  the  time  of  deliA^ery.  It  must 
be  delivered  to  the  consumer  Avithin  36  hours  after  being  draAvn.    Except 
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on  a  special  jDermit,  milk  of  this  grade  may  be  delivered  only  in  bottles, 
the  caps  of  which  shall  be  marked  with  the  words  "Grade  A  Raw"  in 
black  and  bear  the  name  and  address  of  the  dealer. 

Grade  A  pasteurized  milk  or  cream;  this  grade  may  be  sold  only  by 
dealers  licensed  by,  and  complying  with  the  rules  and  regulations  of 
the  Board  of  Health.  The  tuberculin  test  is  not  required.  This  grade 
of  milk  shall  not  contain  more  than  30,000  bacteria  per  c.c.  and  the  cream 
not  more  than  150,000.  It  shall  be  delivered  within  36  hours  after 
pasteurization.  Except  under  a  permit,  this  milk  is  sold  only  in  bottles, 
the  caps  of  which  show  the  name  of  the  dealer  and  the  hour  when  it 
was  pasteurized.  This  milk  must,  in  pasteurization,  be  subjected  to  a 
temperature  of  142°-145°  F.  for  not  less  than  30  minutes. 

Grade  B  pasteurized;  this  grade  is  sold  only  by  licensed  dealers  com- 
plying with  the  regulations  of  the  Board  of  Health.  The  tuberculin  test 
is  not  required.  This  milk  shall  not  contain  more  than  100,000  bacteria 
and  the  cream  not  more  than  500,000  Avhen  delivered  to  the  consumer  or 
at  any  time  after  pasteurization.  It  must  be  delivered  within  from  36 
to  48  hours  after  pasteurization.  It  may  be  handled  and  delivered  either 
in  bottles  or  in  cans.  The  cans  or  bottles  shall  bear  labels  marked 
"Grade  B"  in  green  letters  and  give  the  hour  of  pasteurization  and 
the  name  of  the  dealer.  Milk  and  cream  of  this  grade  must  be  pasteur- 
ized at  a  temperature  of  from  142°  to -145°  F.  for  not  less  than  30  minutes. 

Grade  C  pasteurized;  this  can  be  sold  only  by  licensed  dealers  comply- 
ing with  the  regulations  of  the  Board  of  Health.  The  tuberculin  test  is 
not  used.  This  grade  of  milk  shall  not  contain  more  than  300,000  bac- 
teria per  c.c.  and  the  cream  not  more  than  1,500,000  after  pasteurization. 
It  must  be  delivered  within  48  hours  after  pasteurization  and  is  delivered 
in  cans  only.  The  tags  on  the  cans  are  marked  in  red  "for  cooking  only." 
The  pasteurization  of  this  milk  is  carried  out  at  the  same  temperature 
and  for  the  same  time  as  in  other  grades. 

Buttermilk,  sour  cream,  sour  milk,  kumyss,  etc.,  cannot  be  made  from 
any  milk  of  less  than  Grade  B  and  must  be  pasteurized  before  being  per- 
mitted to  sour.  It  will  be  understood,  of  course,  that  the  laws  concerning 
the  dilution  of  milk,  the  removal  of  fat,  and  the  addition  of  preserva- 
tives, are  still  in  force.  In  municipal  laboratories  close  tab  on  the  chem- 
ical composition  and  bacterial  content  of  the  products  of  all  dealers,  is 
kept. 

In  many  localities  two  or  more  physicians,  generally  pediatricians, 
undertake,  under  the  designation  of  a  Milk  Commission,  to  guarantee 
for  certain  dairymen  that  their  product  will  be  of  the  highest  possible 
purity,  both  chemically  and  bacteriologically,  and  safe  for  infant  feed- 
ing.   This  milk  is  sold  under  the  name  "certified  milk,"  and  is,  barring 
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accident  of  coiitaiiiiiiation,  a  safe  food.  The  commission  formulates  rules 
and  regulations,  which  are  similar  to  those  Ave  have  already  given,  for 
the  dairy,  for  the  drawing,  the  cooling,  and  the  shipping  of  the  milk. 
The  idea  is  that  every  step  in  the  handling  of  milk  should  be  attended 
with  the  utmost  cleanliness.  The  cows  are  all  tested  with  tuberculin  and 
are  examined  at  short  intervals  by  competent  veterinarians.  Frequent 
inspections  are  directed  to  the  personnel  of  the  dairy  farm  and  to  the 
conditions  under  which  the  milk  is  protected  from  dilution,  the  addition 
of  chemicals,  the  removal  of  cream,  and  the  introduction  of  bacteria.  The 
commission  undertaking  this  work  for  one  or  more  dairymen,  reserves 
for  itself  the  right  to  make  inspection  whenever  it  sees  fit,  witliout  pre- 
liminary notification,  and  to  impose  upon  the  dairyman  such  rules  and 
regulations  as  it  deems  wise,  and  to  change  these  whenever  it  sees  fit. 
The  number  of  bacteria  per  c.c.  in  certified  milk  must  not  exceed  10,000 
and  in  most  cities  it  is  provided  that  certified  milk  shall  at  no  time  after 
the  preliminary  cooling  reach  a  higher  temperature  than  45°  F.  and 
should  reach  the  consumer  not  later  than  36  hours  after  its  ]3roduction. 
Many  years  ago  Goler,  health  officer  of  Rochester,  N.  Y.,  demonstrated 
that  both  morbidity  and  mortality  among  infants  can  be  greatlj^  decreased 
simply  by  due  attention  to  cleanliness  at  every  step  in  the  care  of  the 
milk  from  the  cow  to  the  baby  consumer.  It  will  be  understood  that 
accidents  may  happen  to  certified  milk,  but,  when  all  rules  and  regula- 
tions are  properly  carried  out,  this  is  a  safe  infant  food.  Quite  naturally, 
the  cost  of  certified  milk  is  greater  than  that  supplied  to  the  people  at 
large.  The  idea  of  furnishing  certified  milk  apparently  originated  with 
Coit,  of  Newark,  N.  J.,  who  put  his  plan  into  operation  in  1893.  The 
purposes  of  Coit  were  (1)  to  secure  a  milk  free  from  pathogenic  bac- 
teria ;  (2)  to  so  handle  the  milk  that  saproph^^tic  bacteria  would  not  mul- 
tiply in  it  or  do  so  very  slowly;  (3)  to  secure  a  milk  which  should  not 
be  deficient  in  any  normal  constituent,  such  as  carbohydrate,  fat,  and 
protein.     The  number  of  children  reared  on  certified  milk  is  small.  • 

Insofar  as  local  conditions  Avill  permit,  the  complicated  grading  of  a 
milk  supply  should  be  avoided.  The  municipality  with  an  ideal  supply 
would  be  one  which  has  only  one  grade  of  milk,  produced  on  farms  where 
the  sanitary  conditions  are  maintained  at  the  best,  through  rigid  inspec- 
tion, and  where  all  milk  before  delivery  to  the  consumer  is  pasteurized, 
as  a  safeguard  against  accidental  infection. 

Many  of  our  large  cities  have  only  two  or  three  grades  of  milk.  In 
Detroit  there  are  three  grades — first,  certified  milk;  second,  Class  "A" 
milk,  and  third,  market  milk.  INIilk  of  the  first  two  classes  is  not  pas- 
teurized and  constitutes  only  1  per  cent  of  the  total  milk  supply  of  the  city. 
The  certified  milk  is  that  which  is  produced  under  the  rules  and  regula- 
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tions  of  the  County  Medical  Milk  Commission,  while  Class  "A"  milk 
is  produced  on  farms  of  the  highest  sanitary  rating,  where  all  animals 
have  been  given  the  tuberculin  test.  It  is  believed  that  this  class  of 
milk  will  eventually  be  pasteurized.  The  market  milk,  which  constitutes 
99  per  cent  of  the  city's  supply-,  must  be  produced  in  accordance  with  the 
following  regulations : 

First — That  the  pasteurization  of  the  milk  should  be  performed  by  a 
process  whereby  every  portion  of  the  milk  is  raised  to  a  temperature  of 
145°  F.,  and  retained  at  that  temperature  for  a  period  of  thirty  minutes 
by  the  holding  process,  and  no  other  process  should  be  adopted  or  used. 
Immediately  thereafter  the  milk  must  be  cooled  below  a  temperature  of 
50°  F. 

Second — That  no  pasteurizing  equipment  should  be  used  that  has  not 
been  approved  by  the  Health  Department. 

Third — That  each  pasteurizing  apparatus  should  be  equipped  with  a 
time  and  temperature  recording  apparatus  kept  under  lock  and  key,  and 
that  records  should  be  filed  with  the  Health  Department  on  Thursday  of 
each  week. 

Fourth — That  all  pasteurized  milk  should  be  plainly  marked  on  each 
bottle  cap  or  other  container  in  which  such  milk  is  delivered  to  consum- 
ers, with  the  label  bearing  the  inscription  "pasteurized  milk"  together 
with  the  day  of  the  week  on  which  said  milk  has  been  pasteurized.  Each 
pasteurizing  plant  is  given  a  number,  and  this  number  must  appear  on  the 
cap  or  top  of  the  container. 

Fifth — That  pasteurized  milk  should  contain  not  more  than  100,000 
colonies  of  nonpathogenic  bacteria  per  c.c.  in  samples  taken  from  con- 
tainers being  delivered  to  consumers. 

Sixth — That  immediately  after  the  process  of  pasteurizing  and  cool- 
ing, the  milk  must  be  put  into  the  final  container,  unless  it  has  been 
pasteurized  in  the  container  in  which  it  is  to  be  delivered.  The  last 
mentioned  container  must  be  sealed. 

Seventh — That  milk  should  not  be  pasteurized  more  than  once. 

Eighth — That  pasteurized  milk  should  be  delivered  to  the  consumer 
not  later  than  twenty-four  hours  after  pasteurization. 

Ninth — That  all  cream  and  skim  milk  should  be  pasteurized  or  made 
from  pasteurized  milk. 

Tenth- — That  buttermilk  should  be  made  from  milk  or  cream  pasteur- 
ized before  churning. 

When  medical  men  first  began  to  realize  the  harm  being  done  to  the 
infants  under  their  charge  by  the  bacteria  in  milk,  they  resorted  to  ster- 
ilization. This  was  nothing  more  than  the  application  of  the  advice 
given  quite  a  hundred  years  ago,  that  when  children  must  be  artificially 
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fed,  fresh  cow's  milk  should  be  used  and  it  should  always  be  boiled.  The 
use  of  sterilized  milk  was  not  altogether  satisfactory,  although  undoubt- 
edly it  resulted  in  the  saving  of  many  lives.  Cases  of  scurvy  began  to 
develop  and  the  profession  came  to  realize  that  in  the  process  of  boiling 
some  injury  is  done  to  the  food  value  of  the  milk.  This  led  to  the  sub- 
,5titution  of  pasteurization  for  sterilization.  Objections  have  been  raised 
to  jDasteurization.  It  has  been  argued  that  the  dairyman,  knowing  his 
product  is  to  be  submitted  to  this  process,  is  likely,  unless  closely 
watched,  to  relax  somewhat  in  the  principles  of  cleanliness.  It  should 
be  clearly  understood  that  a  dirty  milk  or  one  containing  a  large  amount 
of  bacteria  can  never  be  converted  into  the  best  kind  of  infant  food  by 
any  process.  Cleanliness  is  a  necessary  prelude  to  both  sterilization  and 
pasteurization,  provided  the  product  is  to  be  of  the  best  possible  quality. 
Even  dead  bacteria,  if  present  in  milk  in  large  quantities,  may  be  harm- 
ful to  the  child.  All  bacterial  poisons  are  not  destroyed  at  the  boiling 
point  and  all  bacteria  contain  poisons.  In  the  pasteurization  of  milk, 
the  best  results  are  obtained  by  heating  in  a  closed  vessel  at  a  tempera- 
ture of  not  less  than  142°  F.  for  30  minutes,  and  it  should  be  plainly 
understood  that  this  exposure  to  heat  does  not  completely  sterilize  the 
fluid.  It  is  essential  that  after  pasteurization  the  milk  that  is  to  be  fed 
to  the  infant  must  be  kept  at  a  low  temperature,  preferably  not  above 
45°  F.,  and  certainly  not  above  50°  F.  The  effect  of  temperature  upon  the 
destruction  of  bacteria  in  milk  depends  upon  the  kind  of  bacteria  present 
and,  in  part,  upon  the  number ;  for  instance,  tubercle  bacilli  in  milk  are 
killed  after  an  exposure  of  one  minute  at  176°,  while  30  minutes  are  re- 
quired to  accomplish  the  same  purpose  when  the  temperature  is  142°. 
Powdered  milk  is  coming  more  largely  into  use,  but  the  experience  with 
it  as  an  infant  food  has  not  been  sufficiently  large  to  justify  positive 
.conclusions.  It  may  be  made,  and  generally  is,  from  skimmed  milk  and 
this  necessitates  the  addition  of  fat  when  the  powder  is  dissolved. 

As  we  have  already  stated,  much  more  work  has  been  done  on  the  bacteri- 
ology of  milk  with  the  special  purpose  of  ascertaining  what,  if  any,  spe- 
cies of  bacteria  is  concerned  in  the  causation  of  infantile  diarrhea.  Since 
no  positive  result  has  been  obtained  in  these  efforts,  we  would  not  be 
justified  in  going  into  detail  concerning  the  kinds  of  bacteria  found  in 
milk.  Search  has  been  made  for  specific  organisms  in  the  milk  fed  to 
children  when  cholera  infantum  develops,  in  the  stools  of  such  children, 
and  in  their  bodies  after  death,  but  no  one  has  been  able  to  even  throw 
a  suspicion  upon  any  one  species  of  bacteria  as  the  specific  cause  of  chol- 
era infantum.    Recently  (1920)  Park  wrote: 

"After  two  years  of  effort  to  discover  some  relation  between  special  varieties 
of  bacteria  found  in   milk,    and   the   health   of   children,   the   conclusion    has   been 
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reached  that  neither  through  animal  tests  nor  the  isolation  from  the  milk  of  sick 
infants  have  we  been  able  to  establish  such  a  relation.  Pasteurized  or  sterilized 
milk  is  rarely  kept  longer  than  36  hours,  so  that  varieties  of  bacteria  which  after 
long  standing  develop  in  such  milk  do  not  enter  into  the  problem.  The  harmlessness 
of  cultures  given  to  healthy  young  kittens  does  not  of  course  prove  that  they  would 
be  equally  harmless  in  infants.  Even  if  harmless  in  robust  infants,  they  might  be 
injurious  when  summer  heat  and  previous  disease  had  lowered  the  resistant  and 
the  digestive  power  of  the  subjects." 

According  to  Park,  nearly  eighty  per  cent  of  infants  during  the  first 
nine  months  of  life  in  New  York  City  receive  nourishment  entirely  or 
chiefly  from  the  breast.    It  follows,  therefore,  that  artificial  feeding  can 
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affect  only  about  twenty  per  cent  of  infants  in  that  city  under  nine 
months  of  age,  and  it  is  during  this  period  in  which  most  deaths  occur 
from  intestinal  diseases.  Cronin,  as  quoted  by  Park,  has  tabulated  1,000 
consecutive  deaths  from  enteritis  under  two  years  of  age  and  has  found 
that  eighty-one  per  cent  of  these  were  under  nine  months,  thirteen  per 
cent  during  the  next  three  months,  and  only  six  per  cent  in  the  second 
year.  The  importance  of  cow's  milk  in  infant  feeding  is  brought  out  by 
the  fact  that,  although  more  than  seventy-five  per  cent  of  infants  are 
nourished  from  the  mother's  breast,  seventy-eight  per  cent  of  the  1,000 
cases  tabulated,  as  stated,  dying  from  enteritis,  were  fed  on  cow's  milk 
or  patent  foods. 
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Park  lias  tabulated  liis  observations  on  infantile  diarrheas  according 
to  season  and  the  kind  of  milk  employed.  He  has  divided  the  results  of 
these  observations  into  the  following  groups:  (1)  Those  infants  who 
during  the  period  covered  have  gained  normally  in  weight  and  have  had 
no  appreciable  diarrhea.  (2)  Those  who  have  gained  but  slightly  in 
weight  or  have  remained  stationary  in  this  particular  and  in  whom  tem- 
porary and  slight  diarrhea  has  shown  itself.  (3)  Those  in  whom  there 
has  been  a  marked  loss  in  Aveight  with  considerable  diarrhea.  (4)  Fatal 
cases.  These  observations  are  tabulated,  as  follows,  according  to  the 
kind  of  food  and  the  season  of  the  vear. 


Table  VI 
Food  and  Eesults. — Wiktei: 


DID  WELL         DID  FAIRLY         DID  BADLY 


Store  milk 

47 

6 

o 

0 

55 

Ccndensed  milk 

39 

5 

2 

9 

48 

Good  bottled  milk 

51 

13 

1 

3 

68 

Milk  from  Central  Distributins: 

Stations 

35 

20 

4 

0 

59 

Best  bottled  milk 

5 

0 

1 

0 

6 

Breast  feeding 

7 

1 

0 

1 

9 

Totals  excluding  eases  counted  twice    15B 


41 
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Table  VII 
Food  and  Eesl'Lts. — Summer 


DID  WELL 

DID  FAIRLY 

DID  BADLY 

DIED 

TOTALS 

Store  milk 

21 

23 

20 

15 

79 

Condensed  milk 

22 

20 

14 

14 

70 

Good  bottled  milk 

37 

23 

29 

9 

98 

Milk  from  Central  Distributing 

Stations 

84 

33 

24 

4 

145 

Best  bottled  milk 

9 

3 

0 

0 

12 

Breast  feeding 

17 

7 

7 

0 

31 

Totals,  excluding  cases  counted  twice     184 


108 


88 


41 


421 


Grouping  these  results,  we  note  the  following  percentages  of  babies 
that  ''did  well"  or  ''fairly":  Store  milk  56  per  cent,  condensed  milk 
60  per  cent,  good  bottled  milk  51  per  cent.  Central  Distributing  Station 
milk  81  per  cent,  best  bottled  milk  100  per  cent,  breast  feeding  77  per 
cent.  The  results  are  clearly  in  favor  of  the  better  grades  of  milk  and 
breast  feeding. 

As  emphasized  by  Park,  much  depends  upon  the  intelligence  of  the 
mother,  her  capability,  and  willingness  to  carry  out  directions  as  to  the 
kind  of  milk  selected,  the  quantity  to  be  given,  and  the  frequency  of 
feeding.  The  purest  milk  placed  in  the  hands  of  an  ignorant  or  careless 
mother  may  within  a  few  hours  become  a  deadly  poison  to  her  child. 
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Printed  directions,  so  far  as  the  ignorant  mother  is  concerned,  are  of  but 
little  value.  In  the  first  place,  many  of  these  people  cannot  read  and 
many  of  those  who  can,  fail  to  understand.  It  results  from  this  that 
among  the  tenement-house  dwellers  better  results  are  secured  when  the 
mother  carries  her  child  daily  to  some  central  station  where  the  supply 
for  the  next  24  hours  is  prepared  and  placed  in  her  hands,  with  such 
explicit  directions  that  she  can  scarcely  fail  to  carry  them  out.  While 
there  is  some  exaggeration,  there  is  much  more  truth,  in  the  broad  state- 
ment that  whether  a  child  lives  through  its  first  two  years  or  not  is 
largely  determined  by  the  intelligence  of  the  one  who  feeds  it,  and  gen- 
erally this  is  the  mother. 

We  may  ask  whether  the  poison  which  acts  upon  the  child  comes  from 
the  milk,  from  the  bacteria  contained  therein,  or  from  products  which 
result  from  the  action  of  the  bacteria  on  the  milk.  This  question  cannot 
at  present  be  definitely  answered.  We  are  inclined  to  the  opinion  that  if 
absolutely  pure  milk  is  absorbed  from  the  alimentary  canal  without  pre- 
vious digestion  it  may  cause  illness  and  possibly  death. 

Pryer  has  shown  that  one  gram  of  casein  contains  enough  protein 
poison  to  kill  800  guinea  pigs  when  injected  intravenously.  That  milk 
is  sometimes  absorbed  unchanged  has  been  shown  by  its  detection  in  the 
circulating  blood  of  infants  by  the  sensitization  test.  It  has  not  been 
demonstrated,  however,  experimentally  that  the  protein  poison  in  this 
absorbed  milk  is  liberated.  Bacterial  proteins  contain  much  less  of  the 
protein  poison  than  is  found  in  casein;  in  fact,  about  ninety  per  cent  of 
casein  consists  of  the  jDrotein  poison,  while  only  from  thirty  to  forty  per 
cent  has  been  obtained  from  bacterial  proteins.  If  poisons  be  formed  by 
the  action  of  the  bacteria  on  the  milk  constituents,  these  might  be 
absorbed  and  would  practically  lead  to  the  same  result  as  would  fol- 
low or  might  follow  the  absorption  of  unchanged  milk  or  slightly  changed 
bacterial  proteins.  It  has  been  shown  experimentally  that  milk  is  more 
readily  absorbed  unchanged  from  the  intestines  of  young  rabbits  than 
from  adults  of  the  same  species.  While  this  matter  is  not  open  for 
ex2Derimental  demonstration  in  infants  and  while  reasoning  by  analogy 
is  always  dangerous,  there  is  good  reason  for  believing  that  proteins, 
especially  milk  and  bacterial  proteins,  are  absorbed  more  readily  from 
the  intestinal  tract  of  infants  than  from  that  of  adults.  At  the  same  time, 
it  is  an  incontrovertible  fact  that  cholera  infantum  occurs  in  children  so 
rarely  after  they  have  passed  the  second  birthday  that  it  is  no  great 
exaggeration  to  say  it  does  not  occur.  Older  children  and  adults  may 
take  with  impunity  milk  so  badly  contaminated  .bacterially  that  its 
administration  would  ho  almost  certainly  productive  of  symptoms,  at 
least  in  an  infant  under  nine  months  of  age.     It  must  be  clearlv  under- 
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stood  that,  wliile  casein  contains  a  large  amount  of  the  protein  poison — 
a  larger  amount  by  far  than  has  been  found  in  any  other  protein — still 
all  proteins  contain  this  poison.  It  appears  to  be  quite  conclusively 
demonstrated  that  when  a  choleraic  diarrhea  develops  in  an  infant  the 
proper  thing  to  do  is  to  stop  immediately  the  further  administration  of 
milk,  good  or  bad,  for  a  few  hours  at  least.  When  a  child  is  having  its 
food  partly  from  the  mother's  breast  and  partly  from  cow's  milk,  milk 
from  both  sources  should  be  temporarily  withheld.  Possibly  failure  to 
do  this  is  in  part  responsible  for  the  comparatively  high  death  rate  among 
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infants  receiving  their  food  from  these  two  sources.  It  has  been  observed 
that  deaths  among  such  infants  do  not,  at  all  times  at  least,  differ  mate- 
rially from  the  rate  occurring  among  those  who  are  fed  exclusively  on 
cow's  milk. 

Seasonal  Influence. — AVe  have  repeatedly  stated  that  cholera  infantum 
and  kindred  diseases  are  practically  confined  to  the  hot  months  and  that 
their  prevalence  increases  directly  as  the  mercury  in  the  thermometer 
rises.  This  observation  extends  as  far  back  in  time  as  we  have  any  rec- 
ord of  infantile  diarrhea,  under  whatever  name  it  appeared.  As  illus- 
trative of  this  fact,  we  reproduce  herewith  Table  IX  as  given  by  Hirsch. 

We  have  ascertained  so  far  that  cholera  infantum  and  kindred  diar- 
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rlieal  diseases  are  in  some  way  influenced  by  the  following  factors:  (1) 
The  age  of  the  child.  (2)  Its  food.  (3)  The  weather.  This  disease 
occurs  only  in  infants  under  two  years  of  age,  only  among  those  partly  or 
wholly  artificially  fed,  and  only  during  the  hot  season.  These  factors 
must  be  interrelated.  The  infant  under  two  years  of  age  we  may  say, 
speaking  broadly,  is  susceptible  to  this  disease,  while  older  children  are 
immune.    Even  the  infant  may  in  the  winter  time  take  food  without  harm 
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SEASONAL  influence:  ON  INFANT  DEATH5 

Averaqe     of    tjec^rs    i'^lG,  1917  and  1921     for  X>e+roi+-.  Tbree 
io'^erv eoioQ      ue.ore>      orY>ii"+ed       beccxuse    o-f    excessive  dealbs 
Co.o=>ecl     by      loJluer->3c>  Epidemics. 
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Fig.   S. 

Avhich  would  be  harmful  if  taken  in  the  summer  time.  The  most  reason- 
able supposition  is  that  the  child  under  two  years  of  age  owes  its  sus- 
ceptibility to  the  greater  readiness  Avith  which  poisons  are  absorbed 
through  its  intestinal  walls.  The  relation  of  the  temperature  to  the 
other  factors  is  more  uncertain  and  more  complicated.  Other  things 
being  equal,  the  hig'her  the  temperature  the  more  rapidly  do  bacteria 
multiply  in  the  milk. 
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This  is  reflected  in  the  monthly  variation  in  the  bacterial  content  of 
milk  samples  from  dealers'  wagons  as  reported  from  Detroit  during  1921 
and  1922. 


MONTH 

PER    CENT   SAMPLES 

UNDER   100,000   BACTERIA  PER   C.C, 

June 

58 

July 

38 

Aug. 

63 

Sept. 

73 

Oet. 

90 

Nov. 

91 

Dec. 

97 

Jan. 

92 

Feb. 

91 

Mar. 

89 

Apr. 

90 

May 

83 

The  more  rapidly  bacteria  multiply  the  more  labile  are  the  proteins, 
both  those  in  the  bacteria  and  those  in  the  milk.  At  present  we  deter- 
mine the  fitness  of  a  milk  for  infant  feeding  by  its  bacterial  content  or 
by  the  number  of  bacteria  per  c.c.  This  is  the  best  we  can  do.  It  is 
more  than  probable,  however,  that  more  important  than  the  number  of 
bacteria  is  the  rate  at  which  these  are  multiplying.  Besides  the  effect  of 
temperature  on  the  growth  of  bacteria  in  the  milk  is  the  possible  influ- 
ence of  temperature  upon  the  digestive  capacity  of  the  child  and  the 
rate  of  absorption  of  poisons  through  the  intestinal  walls.  Many  are 
inclined  to  regard  weather  temperature  as  the  primary  factor  in  the 
causation  of  cholera  infantum,  but  no  one  claims  that  high  temperature 
alone  causes  the  infantile  diarrheas.  When  we  have  three  essential  fac- 
tors in  the  production  of  any  phenomena,  it  is  perfectly  proper  to  state 
their  sequence  and  interrelation,  and  from  this  standpoint  we  are  inclined 
to  join  those  who  believe  'that  weather  is  the  primary  factor.  The 
weather  temperature  increases  the  production  of  the  poison  and  at  the 
same  time  lowers  the  resistance  of  the  child.  In  our  opinion,  the 
weather  temperature  with  reference  to  this  disease  is  only  approximately 
registered  by  the  thermometer  at  the  Weather  Bureau,  or  even  that  in 
the  room,  but  is  correctly  determined  only  in  the  atmosphere  immediately 
surrounding  the  little  patient.  Fortunately,  this  is  more  or  less  under 
the  control  of  those  in  care  of  the  child.  The  older  observers  of  this  dis- 
ease were  right  when  they  recommended  that  feather  beds,  large  pillows, 
and  heavy  woolen  blankets  should  be  discarded,  certainly  in  hot  weather. 
They  were  also  right  when  they  advised  migration  to  the  shades  of  the 
country  in  order  to  escape  the  greater  light  of  the  sun  and  the  reflected 
heat  of  buildings  and  pavements.  Cool  and  frequent  baths,  proper  atten- 
tion to  dress,  and  frequent  excursions  into  the  open,  were  recommended 
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by  our  hard-lieaded  ancestors  of  more  than  100  years  ago.  Fortunately, 
new  inventions  have  placed  largely  within  our  control  the  temperature  of 
rooms,  even  for  those  who  must  remain  in  the  city  during  the  hot  season. 
Screened  windows  admit  fresh  air  and  electric  fans  do  much  to  miti- 
gate the  effects  of  the  high  temperatures  of  summer  on  the  babies. 
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Recent  Reduction. — The  census  figures  concerning  deaths  from  diar- 
rhea and  enteritis  in  infants  under  two  years  of  age  are  not  very  illu- 
minating. The  rates  given  are  per  100,000  population,  while  what  we 
want  to  know  is  the  rate  for  those  of  that  age  period.    Different  commu- 
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uities  differ  widely  in  the  number  of  infants  and  rates  for  the  total  pop- 
ulation may  be  highly  misleading.  However,  it  is  a  recognized  fact  that 
there  has  been  a  marked  reduction  in  the  infantile  death  rate  all  over 
the  civilized  world,  and  especially  in  this  country,  in  the  last  twenty 
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years.  The  census  figures  state  that,  in  the  registration  area  as  a  whole, 
the  average  death  rate  from  these  diseases  from  1906  to  1910  was  96.2. 
Since  that  time  there  has  been,  on  the  whole,  a  fairly  satisfactory  de- 
crease, with  some  fluctuations,  according  to  the  intensity  of  the  heat  of 
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summer,  the  figure  in  1918  standing  at  58.3.  In  1918  the  highest  rates 
were  in  Maryland  (115.8),  Pennsylvania  (95.7),  North  Carolina  (81.0), 
New  Jersey  (77.0),  and  Massachusetts  (75.7).  The  states  showing  low 
rates  were  Washington  (13.9),  Oregon  (14.3),  Minnesota  (22.3),  Utah 
(23.1),  and  AVisconsin  (28.3). 

Control. — Infants  under  nine  months  of  age  should  be  exclusively 
breast-fed  unless  the  physical  condition  of  the  mother  renders  this  im- 
possible. As  we  were  told  by  some  of  the  older  authors,  weaning  a  child 
at  the  beginning  of,  or  during,  the  hot  season  markedly  endangers  its 
life.  When  the  child  must  be  artificially  fed,  it  should  be  plainly  under- 
stood that  the  kind  of  milk  chosen  for  it  is  of  the  utmost  importance. 
Proprietary  baby  foods  and  condensed  milk  are  least  desirable,  and,  in 
fact,  their  employment  is  followed  by  the  highest  mortality.  Milk  se- 
lected as  the  food  for  the  child  should  come  from  healthy  animals  kept  in 
a  dairy,  supervised  and  regulated  as  we  have  elsewhere  indicated. 
Either  certified  or  the  highest  grade  market  milk  should  be  selected.  The 
milk  should  contain  the  food  principles  in  proper  proportion,  should  be 
free  from  any  preservative,  and  should  have  as  low  a  bacterial  count  as 
possible. 

The  number  of  mothers  who  breast  feed  their  children  varies  greatly 
in  different  countries,  in  different  communities  in  the  same  country,  and 
among  different  classes  in  the  same  community.  There  can  be  no  doubt 
that  in  this  country  among  all  classes  and  conditions  breast  feeding  has 
become  much  more  general  in  recent  years.  This  is  due  largely  to  the 
persistence  of  physicians  in  emphasizing  the  fact  that  the  child's  life  is 
greatly  endangered  when  artificial  feeding  is  resorted  to.  We  are  in- 
debted to  Bleyer,  of  St.  Louis,  for  an  illustration  of  what  can  be  accom- 
plished by  public  education  in  the  advantages  of  breast  feeding.  He 
averaged  the  weights  of  babies  brought  to  the  Infant  Welfare  Stations, 
and  observed  that  these  weights  are  much  closer  to  an  average  or  nor- 
mal weight  in  1920  than  in  1910.  He  likewise  finds  that  breast  feeding 
is  far  more  common  in  1920  than  ten  years  previous.  Thus,  of  the 
babies  under  three  months  of  age,  ninety-two  per  cent  were  breast-fed 
in  1920,  whereas  in  1910  but  thirty-nine  per  cent  were  breast-fed.  With- 
out doubt,  the  increase  in  breast  feeding  has  been  the  direct  cause  of  the 
superior  nourishment.  There  is  no  pediatrician  in  this  country,  so  far  as 
Ave  know,  who  has  not,  both  in  his  scientific  and  in  his  more  popular 
writings  upon  infant  Avelf are,  stressed  this  point ;  indeed,  the  importance 
of  maternal  nursing  has  been  so  deeply  impressed  upon  the  public  in 
general  that  the  laws  of  more  than  one  state  say  that  every  mother  shall 
nurse  her  child  for  at  least  three  months.  This  is  a  wise  legal  provision 
and,  while  there  are  certain  exceptions  that  must  be  made,  it  necessitates 
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that  some  one  should  explain  in  every  case  in  Avhicli  the  law  is  not  com- 
plied with.  Eecognizing  the  fact  that  the  mother  should  nurse  the  child 
makes  it  the  more  imperative  that  the  mother,  both  before  and  after 
confinement,  should  be  so  favored  that  she  is  in  the  best  possible  condi- 
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tion  to  supply  her  young  Avith  the  proper  food.  This  has  led  to  additional 
legal  enactments  forbidding  the  employment  in  heavy  work  of  women 
during  the  latter  months  of  pregnancy  and  during  the  first  few  weeks 
after  confinement.  During  these  periods  the  mother  must  be  relieved  of 
every  unnecessary  stress  and  strain,  not  onl}'  for  her  own  sake,  but  for 
the  good  of  her  child.    Again,  it  can  be  shown  that  breast  feeding  is  not 
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only  the  safest,  but  it  is  the  cheapest,  and  the  extra  money  which  would 
need  to  be  expended  in  securing  a  safe  artificial  food  for  the  child  is  suf- 
ficient to  place  the  mother  under  favorable  conditions  so  that  she  may 
furnish  the  food  her  child  demands.  Breast  feeding  is  not  only  good  for 
the  child,  but  it  is  also  of  benefit  to  the  mother.  The  first  nursings  empty 
the  breasts  of  the  colostrum  stored  by  nature  for  the  benefit  of  the  child, 
and  at  the  same  time  it  promotes  the  return  of  the  uterus  to  a  normal 
state.  The  child,  except  under  most  unusual  conditions,  should  go  to  the 
breast  four  times,  on  the  first  day  after  birth  and  about  six  times  on  the 
second  day.  In  these  first  nursings  the  infant  receives  the  food  which 
Nature  has  been  jjreparing  for  it  during  the  nine  months  of  its  intra- 
uterine life. 

While  it  is  the  rule  that  every  mother  should  nurse  her  child  for  at 
least  three  months,  there  are  exceptions  in  which  it  is  well  for  the  child 
and  for  the  mother  that  this  rule  be  broken.  Most  pediatricians  think 
that  the  following  conditions  in  the  mother  render  her  unfit  to  nurse  the 
child  and,  moreover,  that  she  cannot  do  so  without  injury  to  herself: 
(1)  Tuberculosis,  either  latent  or  active,  is  believed  to  unfit  the  mother 
for  nursing,  inasmuch  as  it  has  been  observed  that  the  progress  of  the 
disease  in  her  is  hastened  by  the  nursing.  (2)  The  mother  who  has  suf- 
fered during  her  pregnancy  or  at  the  time  of  confinement  from  eclamp- 
sia or  puerperal  septicemia  or  who  has  advanced  nephritis  should  not 
nurse  her  child;  indeed,  children  put  to  the  breast  when  the  mother  is 
in  one  of  these  conditions  have  suffered  seriously  "and  some  have  died 
promptly.  (3)  There  are  certain  chronic  diseases,  the  seriousness  of 
which  may  unfit  the  mother  for  the  performance  of  this  function.  The 
late  Professor  Jacobi,  Avho  had  large  experience  as  a  pediatrician,  claimed 
that  one  hundred  per  cent  of  mothers  can,  at  least  temporarily,  nurse 
their  children.  Possibly  there  is  in  this  a  slight  exaggeration,  but  the 
exceptions  are  so  few  that  the  statement  need  not  be  challenged. 

It  follows  that  if  the  mother  is  to  nurse  the  child,  and  she  certainly 
should,  except  in  the  rarest  instances,  she  must  fit  herself  for  this  func- 
tion. If  a  laboring  woman,  rest  must  be  provided  for  her;  if  poor,  proper 
food  must  be  obtained  for  her ;  and  we  are  glad  to  say  that  with  the  pre- 
natal clinics,  now  well  established  in  practically  all  our  cities,  no  woman 
about  to  become  a  mother  needs  to  starve  or  even  to  subsist  on  insufficient 
diet.  If  the  mother  be  a  society  woman,  she  must,  or  should,  for  the 
time  being,  give  up  her  social  engagements  and  devote  her  life  to  her 
maternal  functions.  It  goes  without  saying  that  if  a  mother  is  to  supply 
her  child  Avith  proper  food  she  must  feed  herself  properly  and  refrain 
from  every  act  which  would  render  her  milk  less  suitable  in  supplying 
the  demands  of  her  offspring.    Privations,  exhaustive  work,  society  dissi- 
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pations,  may  unfit  the  healthiest  mother  for  elaborating  food  proper  in 
kind  and  quantity  for  her  child.  The  nursing  of  children,  like  every  other 
normal  function,  should  be  performed  with  regularity.  The  progress  of 
the , babe  when  fed  upon  its  mother's  milk  is  easily  determined  by  its 
general  physical  condition  and  hy  its  rate  of  growth.  It  should  be 
weighed  at  least  once  a  week  and  if  there  be  any  doubt  about  its  condi- 
tion, twice  a  week  or  even  daily.  Regular  feedings,  at  stated  hours,  are 
beneficial  both  to  mother  and  child.  It  enables  each  to  secure  at  least 
one  period  during  the  day  covering  several  hours  of  uninterrupted  rest. 
Slight  and  temporary  digestive  disturbances  in  the  child  should  not  lead 
to  the  hasty  conclusion  that  the  mother's  milk  is  not  suitable.  There 
may  be  something  wrong  for  the  time  being  in  the  food  of  the  mother, 
or  some  slight  ailment  which  is  disturbing  her  milk  supply.  As  a  rule, 
breast  feeding  on  account  of  slight  digestive  disturbances  should  not  be 
discontinued  or  replaced  by  artificial  feeding  without  consultation  with 
a  pediatrician.  Weaning  the  child,  especially  during  the  first  six  months 
of  its  life,  is  rather  a  serious  matter  and  should  not  be  resorted  to  with- 
out proper  justification.  There  are,  however,  possible  conditions  which 
render  weaning  quite  necessary  and  this  may  happen  before  the  babe  has 
reached  six  months.  The  most  common  of  these  conditions  is  intercurrent 
pregnancy.  The  coming  child  may  rob  its  brother  of  its  birthright  in 
part.  When  the  mother's  milk  is  too  scanty  or  inferior  in  quality  and  the 
child  fails  to  grow  normally,  it  is  often  the  case  that  the  mother's  milk 
may  be  improved  by  alterations  in  her  diet  or  by  securing  for  her  longer 
.periods  of  rest ;  on  the  other  hand,  it  sometimes  happens  that  the  mother 
in  her  anxiety  to  see  her  child  grow  rapidly,  feeds  herself  unduly  and 
produces  an  overrich  milk.  This  is  easily  remedied  by  making  proper 
changes  in  her  diet. 

Other  things  being  equal,  the  child  should  be  weaned  at  about  the  end 
of  the  ninth  month,  but  the  nursing  time  should  be  prolonged  in  case 
this  date  falls  at  the  approach  or  in  the  period  of  hot  weather.  We  have 
already  emphasized  the  fact  that  the  danger  of  weaning  a  child  between 
May  and  October  should  always  be  considered  with  great  care.  Undue 
prolongation  of  the  period  of  lactation  is  not  good  in  most  instances 
either  for  child  or  mother.  The  former  ceases  to  grow,  normally  at  least, 
and  possibly  loses  something.  The  mother  is  carrying  a  burden  a  little 
heavier  than  she  should  bear.  With  baby  clinics  and  milk  depots  so 
readily  accessible  it  is  well  to  consult  the  physician  when  weaning  seems 
desirable. 

Even  the  breast-fed  child  is  not  wholly  immune  to  the  distressing 
effects  of  hot  weather,  and  whether  a  child  be  breast-fed  or  artificially 
fed,  the  ascent  of  the  mercury  in  the  thermometer  should  increase  the 
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atteiitiou  given  to  its  welfare.  In  either  case,  hot  weather  lessens  the 
digestive  capacity  of  the  infant  and  quite  certainly  increases  the  readi- 
ness with  which  undigested  or  partially  digested  food  may  be  absorbed 
from  the  alimentary  canal.  As  the  daj's  grow  warmer  and  the  intensity 
of  the  heat  increases  the  child  needs  less  food  and  more  water.  Besides 
this,  the  intelligent  mother  can  do  much  by  employing  cool  baths,  les- 
sening the  weight  of  the  clothing,  drawing  the  shades,  and  possibly 
starting  the  fan  in  order  to  keep  the  temperature  immediately  about  the 
babe  somewhat  in  moderation. 

Wet  nursing  has  never  been  popular  in  any  class  in  this  country.  In 
the  first  place,  professional  wet  nurses,  so  well  known  in  Europe,  scarcely 
exist  here.  Most  American  mothers  wish  to  nurse  their  owai  children 
and  those  who  cannot  do  so  prefer  as  next  choice  the  feeding  of  the  child. 
Then  again,  even  the  poor  woman,  for  the  most  part  at  least,  desires  that 
her  child  should  have  the  full  supply  and  is  not  willing  to  have  it  divided 
with  the  child  of  another.  Acute  conditions,  hoAvever,  sometimes  arise 
when  a  wet  nurse  is,  at  least  temporarily,  the  best  solution  for  a  difficult 
situation.  It  goes  without  sajuiig  that  she  should  be  healthy  and  free 
from  syphilis  and  tuberculosis.  There  is  a  popular  prejudice  that  leads 
to  the  belief  that  mental  and  moral  qualities,  especially  those  w^hich  are 
undesirable,  may  be  transmitted  through  the  mother.  Fortunately,  the 
child  neither  in  utero  nor  at  the  breast  has  its  moral  nature  tinctured 
with  or  determined  by  that  of  its  mother  or  its  foster  mother. 

The  milk  of  each  species  of  mammal  is  a  secretion  sui  generis  and 
peculiar  to  that  species.  Throughout  the  period  of  gestation  the  physio- 
logic processes  in  the  body  of  the  mother  are  concerned,  among  other 
things,  in  preparing  the  sustenance  of  the  child  for  a  time  after  the 
anatomic  separation  from  the  mother  takes  place.  At  birth  the  child 
ceases  to  be  anatomically  a  part  of  the  mother,  but  under  normal  con- 
ditions it  continues  physiologically  a  part  of  the  mother.  The  food  and 
tissues  of  the  mother  are  utilized  in  the  preparation  of  the  food  for  the 
young.  In  mammals,  nature  provides  for  the  continued  feeding  of  the 
young  through  the  tissues  of  the  mother  for  a  time  after  birth.  The 
mother  who  cannot  nurse  her  child,  for  at  least  a  time  after  its  birth, 
interrupts  prematurely  the  physiologic  relation  that  normally  exists 
between  her  and  her  child.  The  millv  of  no  other  mammal  can  adequatelj' 
supply  the  loss  to  the  child  which  follows  the  failure  of  the  mother  to 
nurse  it.  Both  mother  and  physician  should  thoroughly  appreciate  the 
importance  of  maternal  nursing  to  the  welfare  of  the  child,  and  it  should 
be  deprived  of  its  physiologic  food  supply  in  case   of  necessity  only. 

When  artificial  feeding  must  be  adopted  the  milk  of  the  cow  is  prac- 
tically the  only  availal)le  source  of  food  supply  for  the  infant.     Cow's 
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milk  cannot  be  made  into  woman's  milk  by  any  physical,  chemical,  or 
biologic  manipulation.  At  best  it  must  be  regarded  as  a  substitute  re- 
sorted to  in  case  of  necessity  only.  While  cow 's  milk  cannot  be  converted 
into  woman's  milk  and  while  its  use  in  infant  feeding  should  always  be 
regarded  as  undesirable,  much  can  be  done  in  the  way  of  lessening  the 
dangers  which  it  may  carry  to  the  child. 

Cow's  milk  and  woman's  milk  differ  materially  and  grossly  in  their 
protein  content.  The  total  protein  in  cow's  milk  may  be  nearly  three 
times  that  contained  in  woman 's  milk,  but  if  this  were  the  only  difference  it 
might  be  easily  remedied  by  diluting  the  cow's  milk  used  in  infant  feeding. 
In  both  milks  there  are  two  proteins — casein  and  albumin,  and  the  pro- 
portions of  these  differ  in  the  two  milks.  In  cow's  milk  the  proportion 
between  casein  and  albumin  is  about  5:1,  while  in  woman's  milk  it  is 
about  1:2.  Furthermore,  the  proteins  in  the  two  milks  are  not  exactly 
of  the  same  composition.  The  casein  of  cow's  milk  is  deficient  in  certain 
amino  acids  which  are  essential  to  the  proper  growth  of  the  child.  In 
woman's  milk  these  amino  acids  are  supplied  in  sufficient  amount  by  the 
albumin.  These  differences,  while  they  should  be  clearly '  understood, 
are  apparently  among  the  least  important  of  those  distinguishing  the  two 
foods.  In  cow's  milk  the  child  gets  more  total  protein  than  it  would 
from  its  mother's  milk,  but  in  the  great  majority  of  children  the  protein  is 
entirely  digested  and  the  excess  in  the  cow's  milk  is  essential  in  order 
to  make  amends  for  its  paucity  in  certain  amino  acids.  In  most  children 
artificially  fed,  evidence  that  the  proteins  in  cow's  milk  are  not  prop- 
erly digested  and  completely  broken  up  into  amino  acids  is  rare.  It 
will  be  understood  that  the  child  g§ts  an  excess  of  certain  amino  acids 
and  that  this  is  essential  in  order  that  it  may  obtain  a  sufficiency  of  those 
least  abundant  in  the  proteins  of  cow's  milk.  There  is  no  evidence  that 
the  excess  of  amino  acids  taken  in  when  cow's  milk  is  used  is  a  source 
of  danger  to  the  child.  So  far  as  the  proteins  are  concerned,  the  objec- 
tion to  cow's  milk  is  largely  due  to  the  formation  of  large  coagula  in 
the  stomach.  This  may  be  prevented,  in  part  at  least,  by  boiling  the 
milk  or  by  diluting  it  with  barley  water  or  other  gruels. 

The  percentage  of  carbohydrate  in  woman's  milk  and  in  cow's  milk 
is  markedly  different,  that  in  the  former  .running  about  7.5  and  in  the 
latter  about  4.7.  In  both  kinds  of  milk  the  carbohydrate  is,  so  far  as 
science  has  as  yet  determined,  the  same  in  kind,  being  milk  sugar  or 
lactose.  In  both  foods  the  lactose  is  in  complete  solution,  but  when  cow's 
milk  is  employed  the  deficiency  in  this  constituent,  as  compared  with 
woman's  milk,  must  be  made  good  by  addition.  In  selecting  a  carbo- 
hydrate to  be  added  to  cow's  milk  in  order  to  bring  its  content  up  to 
the  level  existing  in  woman's  milk  we  have  a  choice  between  milk  sugar, 
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cane  sugar,  and  maltose.  Theoretically,  milk  sugar  or  lactose  should  be 
preferred,  since  it  is  the  normal  constituent  of  both  kinds  of  milk.  The 
cost  of  milk  sugar  is  somewhat  greater  than  that  of  cane  sugar  and  the 
latter  is  frequently  used  for  this  reason.  Milk  sugar  does  not  ferment 
Avith  yeast,  is  not  easily  broken  down  in  the  stomach,  and  is  slightly 
laxative.  It  should  be  added  to  cow's  milk  in  sufficient  quantity  to  bring 
the  percentage  up  to  six  or  seven.  Lactose  is  apparently  badly  borne  in 
many  eases,  especially  when  there  is  an  undue  tendency  to  diarrhea. 
Most  children  bear  cane  sugar  quite  as  well  as  they  do  milk  sugar,  but 
when  there  is  fermentation  in  the  stomach,  indicated  by  vomiting,  cane 
sugar  is  not  desirable.  Pure  maltose,  on  account  of  difficulty  in  its 
preparation  and  its  cost,  is  seldom  used  in  infant  feeding.  The  malt 
preparations  which  are  employed  for  this  purpose  contain  dextrins  in 
addition  to  the  maltose.  Maltose  and  its  preparations  are  more  easily 
broken  up,  both  in  the  stomach  and  in  the  intestines,  and  their  adminis- 
tration is  not  desirable  in  fermentative  diseases  of  the  alimentary  canal. 
It  has  been  found,  however,  that  many  children  flourish  on  these  prepa- 
rations and  gain  in  weight  more  rapidly  than  when  the  other  sugars  are 
employed.  For  a  long  time  it  was  believed  that  during  the  early  months 
of  life  starches  are  not  digested.  There  is  undoubtedly  some  truth  in 
this,  but  after  the  fourth  or  fifth  months  infants  can  easily  digest  starch 
in  moderation.  At  any  time  starch  in  the  form  of  gruels  may  be  used 
for  the  dilution  of  cow's  milk,  and  these  apparently  have  a  good  effect 
inasmuch  as  they  prevent  the  formation  of  large  coagula  of  casein  in 
the  stomach.     On  this  point.  Holt  and  Howland  say : 

'^Even  very  young:  infants  are  able  to  digest  starch,  thougli  their  capacity  during 
the  early  months  is  limited.  After  the  fourth  month  it  notably  increases  and  after 
six  or  seven  months  most  healthy  infants  can  readily  digest  as  much  as  one  ounce 
of  starch  daily,  and  some  can  do  much  more  than  this.  This  fact  makes  it  possible 
to  use  starch  in  the  form  of  cereal  gruels  under  a  variety  of  conditions  when  they 
may  be  thought  desirable.  With  very  young  infants  their  use  is  mainly  as  diluents 
for  milk  when  the  coagulation  of  the  casein  in  the  stomach  in  large  masses  is  an 
obstacle  to  digestion.  With  older  infants  starches  may  supply  a  considerable  part 
of  the  carbohydrates  when  there  is  marked  intolerance  of  all  sugars.  For  the  very 
slow  change  of  the  starch  into  sugar  in  the  intestines  is  much  less  likely  to  cause 
symptoms  than  when  sugar  itself  in  considerable  amount  is  thrown  at  once  into  the 
intestines.  Again,  starches  are  useful  to  increase  the  total  carbohydrate  when  all 
the  sugar  is  being  given  that  the  patient  can  readily  tolerate  and  especially  when, 
on  account  of  intolerance  of  fats,  it  is  desirable  to  raise  the  total  carbohydrate 
to  a  point  considerably  higher  than  is  usually  given." 

The  percentage  of  fat  in  woman's  milk  and  in  cow's  milk  is  prac- 
tically the  same,  running  normally  from  3  to  4,  but  the  fats  are  not  the 
same  in  kind.  The  fat  of  cow's  milk  contains  from  six  to  eight  times 
the  amount  of  volatile  fatty  acids  found  in  woman's  milk.     It  is  quite 
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certain  that  the  fat  in  cow's  milk  is  not  as  easily  digested  by  the  child 
as  that  in  its  normal  food.  Whether  this  difference  is  due  to  the  larger 
percentage  of  volatile  fatty  acids  in  cow's  milk  or  to  some  other  cause, 
has  not  been  satisfactorily  determined.  The  digestive  disturbances  that 
arise  from  an  excess  of  fat  in  artificial  feeding  are  rather  serious  and 
are  not  easily  or  quickly  remedied.  For  this  reason,  in  beginning  arti- 
ficial feeding  the  percentage  of  fat  in  the  prepared  food  should  be  reduced 
to  one  or  two  per  cent,  and  pediatricians  recommend  that  at  no  time 
during  the  first  year  should  the  percentage  of  fat  in  the  artificial  food 
be  greater  than  four.  It  is  safer  to  reach  this  amount  by  a  gradual 
increase  in  the  percentage  of  this  constituent. 

The  inorganic  salts  present  in  the  two  kinds  of  milk  are  practically 
the  same  in  kind,  with  a  slight  excess  of  all  in  the  cow's  milk.  There  is, 
therefore,  no  necessity  of  adding  these  salts  to  cow's  milk  when  this  food 
supplants  the  mother's  milk.  It  has  long  been  customary  when  slight 
disturbances  occur  in  artificially  fed  children  to  add  lime  water  or  bicar- 
bonate of  soda  to  the  milk,  but  this  is  of  questionable  value  and  certainly 
no  such  additions  should  be  made  except  upon  the  recommendation  of  a 
pediatrician. 

Besides  the  chemical  differences  in  the  constituents  of  woman's  milk 
and  cow's  milk,  there  are  other  factors  in  favor  of  the  natural  food,  and 
at  least  some  of  these  are  not  susceptible  to  modification.  Fresh  milk 
drawn  directly  from  the  mammary  gland  is  more  easily  and  more  com- 
pletely digested  than  that  which  is  held  in  some  artificial  receptacle 
before  it  passes  into  the  alimentary  canal  of  the  consumer.  This  is 
probably  true  of  the  milk  of  all  animals  and  is,  partly  at  least,  independ- 
ent of  the  conditions  under  which  it  is  held  during  the  time  elapsing 
between  its  withdrawal  from  the  gland  and  its  consumption  by  the  young. 
At  least  some  of  the  constituents  of  milk  are  highly  labile  and  the 
changes  occurring  extracorporeally  do  not  improve  its  fitness  as  a  food. 
The  extent  to  which  these  undesirable  changes  occur  in  the  milk  during 
its  transfer  from  the  donor  to  the  recipient  are  accelerated  by  high  tem- 
perature and  by  bacterial  contamination.  So  far  as  we  know,  science 
has  not  determined  the  relative  effects  of  these  factors,  although  it  has 
been  assumed  that  bacterial  contamination  is  more  important. 

The  infant  that  takes  its  food  exclusivelj^  from  its  mother's  breast 
gets  it  practically  free  from  any  and  all  contamination,  while  the  child 
who  is  fed  even  upon  the  best  procurable  cow's  milk  takes  into  its  ali- 
mentary canal,  with  every  swallow  of  its  food,  thousands  and  ten  thou- 
sands of  bacteria,  either  living  or  dead,  or  in  both  forms.  As  we  have 
seen,  the  New  York  regulations  provide  for  a  Grade  'A  milk  which  shall  not 
contain  more  than  60,000  bacteria  per  c.c,  and  the  very  best  certified 


258  EPIDEMIOLOGY 

milk  may  contain  in  each  c.c.  10,000  bacteria.  With  all  the  attention 
and  care  that  has  been  given  to  milk  supplies  it  is  safe  to  say  that, 
although  improvements  in  this  food  have  been  great  and  have  led  to  the 
saving  of  many  lives,  there  is  today,  in  our  large  cities  at  least,  no  per- 
fectly safe  milk  supply.  No  one  can  speak  with  more  authority  on  this 
point  than  Park,  who  has  done  so  much  in  improving  the  milk  supply 
of  New  York,  and  in  1920  he  wrote: 

"It  is  now  a  well-known  fact  that  the  general  milk  supply  of  every  large  city 
in  the  world  is  unfit  for  use  in  infant  feeding.  Two  well-defined  methods  have  been 
applied  in  New  York  to  effect  a  change  in  this  respect;  first,  the  production  of  a 
special  grade  of  milk,  'certified'  and  allied  grades,  for  infants,  and  secondly,  the 
g'eneral  movement  to  improve  the  whole  supply.  Each  of  these  methods  has  been 
successful  to  only  a  very  limited  extent.  After  twenty  years,  less  than  one  per 
cent  of  the  city's  milk  is  of  the  certified  type  or  equivalent  thereto  and  the 
expense  of  this  class  of  milk  is  almost  prohibitive  for  general  use  in  infant  feeding. 
In  fact  it  is  a  luxury  within  reach  of  comparatively  few.  What  is  needed  is  a 
safe  milk  which  can  be  furnished  at  a  price  within  the  means  of  the  ma,sses." 

Fortunately,  attempts  to  render  cow's  milk  a  less  dangerous  food  for 
infants  are  continuing  with  reasonable  promise  that  marked  advances 
and  improvements  are  within  the  range  of  possibility.  Investigations 
into  the  preparation  of  dried  milk  and  the  reassembling  of  the  milk  con- 
stituents have  been  undertaken  only  recently,  and  one  who  has  used  the 
best  of  these  products  scarcely  exaggerates  when  he  states  that  the  differ- 
ences between  these  and  the  best  market  milk  are  quite  as  noticeable 
and  marked  as  those  between  the  raw  water  of  the  Potomac  and  that 
supplied  for  drinking  purposes  to  the  citizens  of  Washington.  It  is  true 
that  up  to  the  present  time  criticism  may  be  made  of  powdered  milk. 
It  may  be  prepared  from  skimmed  milk  or  even  from  adulterated  milk, 
but  these  objections  are  remediable.  More  serious  is  the  claim,  sub- 
stantiated by  some  experimental  work,  that  the  vitamins  in  the  milk 
are  in  part  destroyed  by  heating  and  by  long  storage. 

As  we  have  seen,  food  is  only  one  of  the  factors  in  the  causation  of  the 
infantile  diarrheas  and  the  high  death  rate  that  results  therefrom.  The 
intelligence  of  the  mother  is  an  important  factor,  and  especial  attention 
to  the  improvement  in  this  is  being  given  as  it  has  never  been  before 
in  the  teaching  of  hygiene  in  our  public  schools,  in  the  prenatal  and 
child  welfare  clinics  in  our  cities,  and  in  the  dispensaries  connected  with 
our  milk  depot  stations.  We  are  not  only  beginning  to  realize  that  the 
welfare  of  our  nation  depends  largely  upon  the  attention  and  care  given 
our  children,  but  this  belief  has  a  sufficient  grip  upon  us  to  lead  us 
to  act  in  accord  with  it. 

Housing  conditions  must  be  greatly  improved  before  we  can  reduce 
the  mortality  from  the  diarrheas  of  infancy  to  the  lowest  possible  point. 
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So  long  as  thousands  of  dwellers  in  our  large  cities  live  in  liuts  and  vile 
tenements,  the  infantile  death  rate  from  these,  as  well  as  from  other 
diseases,  will  continue  to  be  high.  The  health  department  of  Chicago 
has  prepared  a  spot  map  of  that  city  showing  the  blocks  in  which  deaths 
from  diarrheal  diseases  among  infants  have  occurred.  Year  after  year 
the  areas  of  high  death  rate  have  remained  unchanged  and  are  located 
about  the  stockyards  and  in  other  highly  congested  parts  where  the 
ignorant  and  poor  live.    In  speaking  of  these  areas  the  health  officer  says : 

"They  liave  remained  practically  the  same  for  years  and  are  in  the  districts 
where  population  is  the  greatest;  where  poverty  exists;  where  the  foreign  element 
predominates,  and  where  ignorance  is  most  prevalent." 

Into  these  districts  the  health  department  is  sending  nurses  who  go 
from  house  to  house  trying  to  educate  mothers  how  to  keep  their  well 
babies  in  health  and  to  send  or  take  their  sick  babies  to  infant  welfare 
stations.  These  efforts  are  laudable  and  will  do  much  to  reduce  the 
infantile  death  rate,  but  so  long  as  people  live  under  the  unhygienic 
conditions  now  dominating  these  areas,  death  will  continue  to  levy  a 
high  toll  on  the  innocents.  Like  tuberculosis,  infantile  diarrhea  is  in- 
separable from  the  present  conditions  of  life  in  certain  communities. 
Urban  crowding  is  a  phase  in  our  economic  life,  and  we  are  optimistic 
enough  to  believe  that  it  is  a  passing  phase.  When  our  crowded  and 
massive  cities  and  industrial  communities  are  dissipated  and  their  in- 
habitants take  up  their  residence  in  garden  cities,  two  very  desirable 
results  will  follow;  both  the  birth  rate  and  the  infantile  death  rate 
will  fall. 

While  infant  mortality  is  higher  in.  the  poorer  districts  usually  occu- 
pied by  recent  immigrants,  there  are  distinct  race  stock  differences  to 
be  noted.  Rates  are  not  high  among  all  foreign  groups.  This  is  illus- 
trated by  Palmer  and  Blakeslee  from  a  study  of  the  Detroit  records  for 
1919.  The  rate  for  the  entire  city  in  that  year  was  97.  As  shown  in 
the  chart,  the  rate  for  the  children  of  native-born  white  mothers  was  95, 
slightly  below  the  average,  but  there  are  five  race  stocks  with  still  lower 
rates — German,  Scandinavian,  British,  Italian  and  Russian  (mostly 
Jewish).  Children  of  Russian  Jewish  mothers  had  the  lowest  mortality 
rate  of  all  the  race  groups,  namely,  64.  The  highest  rate  is  that  of  the 
negro,  151.  These  racial  differences  have  been  found  to  hold  true  in 
other  cities  as  well.  On  looking  into  the  causes  of  death  among  the 
principal  race  stocks,  we  find  that  the  children  born  of  Russian  Jewish 
mothers  have  low  rates  in  all  causes,  as  classified  in  the  accompanying 
chart.  The  Italian  is  low  in  all  but  respiratory  dis.ease,  where  he  stands 
second.  In  the  acute  infectious  diseases,  including  venereal  and  tuber- 
culosis, the  negro  has  a  rate  nearly  double  the  others.     In  respiratory 
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diseases  the  native  white  aud  Russian  stand  together  with  low  rates, 
the  negro  highest,  followed  by  Italian  and  Austrian.  In  digestive  dis- 
eases the  Austrian  and  Polish  groups  are  in  a  class  by  themselves  with 
high  rates.  Diseases  of  early  infancy  are  equally  low  with  Russian  and 
Italian.  The  negro  has  the  highest  rate,  and  the  distinction  between 
the  other  three  is  slight. 

Those  who  can  afford  to  do  so  should  follow  the  advice  given  by  Rush 
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more  than  100  years  ago  and  take  their  children  during  the  hot  months 
of  summer  to  the  country,  but  in  case  the  child  is  being  artificially  fed 
attention  must  be  given  to  the  possibility  of  securing  suitable  food  for 
the  child  in  the  temporary  home.  It  is  well  known  that  in  many  vil- 
lages and  country  places  there  is  but  little  attention  given  to  the  secur- 
ing of  a  clean  milk;  in  fact,  the  milk  supply  of  any  of  our  great  cities 
today  is  likely  to  be  better  than  that  of  some  villages.  Dairymen  who 
produce  a  milk  which  cannot  be  sold  in  the  city  have  no  trouble  in  dis- 
posing of  it  in  the  village.     In  many  country  places  there  is  no  dairy 
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inspection,  no  supervision  of  the  milk  sold,  and  the  idea  that  milk  can 
possibly  kill  a  child  has  never  been  entertained  by  any  inhabitant.  To 
escape  the  heat  of  the  city  and  go  to  a  place  where  filthy  milk  only  can 
be  secured  is  doubtful  wisdom.  The  intelligent  mother,  however,  knows 
enough  to  filter  the  milk  through  clean  cotton,  to  pasteurize  it,  to  bottle 
it,  to  supply  herself  with  the  proper  nipples,  to  keep  the  milk  after 
pasteurization  in  the  refrigerator,  to  never  use  one  bottle  for  two  feedings, 
and  to  make  such  modifications  in  the  milk  as  her  physician  has  in- 
structed. It  goes  without  saying  that  in  seeking  a  summer  home  for 
the  children  local  sanitation  must  not  be  ignored.  Every  physician  of 
experience  has  had  opportunity  to  observe  the  beneficial  effects  of  coun- 
try life,  under  proper  conditions,  on  infants.  Even  in  our  larger  cities 
where  much  of  the  territory  within  the  city  limits  is  practically  rural, 
infantile  diarrhea  is  rare  in  the  open  areas.  This  is  shown  very  strik- 
ingly in  the  spot  map  giving  the  distribution  of  deaths  from  infantile 
diarrhea  in  Chicago. 
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CHAPTER  XI 
THE  TYPHOID  FEVERS 

Description. — This  group  includes  certain  bacteremias  which  are  due 
to  organisms  closely  related  biologically,  but  differing  sufficiently  so 
that  immunity  to  one  strain  does  not  give  immunity  to  the  others.  These 
fevers  are  characterized  by  a  step-like  increase  in  temperature  day  by 
day  until  a  plateau  is  reached,  after  which  the  temperature  decreases 
step-like  until  it  disappears.  The  morning  temperature  is  lower  than 
that  of  the  evening  and  as  the  fever  disappears  the  morning  temperature 
often  falls  below  the  normal.  Rose  spots  usually  appear  during  the 
second  week  and  are  most  in  evidence  over  the  abdomen.  The  spleen  is 
usually  palpable,  but  not  greatly  enlarged.  The  leukocyte  count  rarely 
goes  much  above  the  normal  and  as  a  rule  is  below.  The  average  dura- 
tion of  the  fever  is  about  28  days,  though  it  may  continue  longer  and 
more  rarely  terminates  before  that  time.  In  fatal  cases  characteristic 
lesions  involving  Peyer's  patches  and  the  agminated  glands  are  found  in 
the  small  intestines,  though  death  may  occur  without  these  lesions.  At 
some  time  during  the  course  of  the  disease  there  is  usually  more  or  less 
marked  mental  dullness  with  impairment  of  the  special  senses.  This 
condition  is  common,  not  only  to  the  typhoid  fevers,  but  to  typhus  as 
well;  in  fact,  it  gave  to  all  these  diseases  the  original  Greek  name  from 
the  word  "typhos,"  which  means  a  cloud  and  refers  to  the  mental  con- 
dition. The  case  mortality  for  the  fevers  of  this  group,  while  varying 
greatly  in  different  epidemics,  averages  about  ten  per  cent.  From  an 
epidemiologic  standpoint,  these  diseases  may  be  considered  as  one  and 
spoken  of  in  the  singular.  Differences  between  members  of  the  group 
will  be  brought  out  later.  They  are,  with  certainty,  differentiated  only 
by  the  study  of  their  several  causative  organisms.  They  are  known  as: 
(1)  Eberthian  typhoid;  (2)  paratyphoid  A;  (3)  paratyphoid  B.  Besides 
these  groups,  each  of  which  may  be  identified,  there  still  remains  a 
number  of  cases  in  which  the  detection  of  the  etiologic  agent  cannot  be 
made.  At  present  such  cases  are  classified  under  the  general  term  of 
''clinical  typhoid." 

History. — In  his  writings  on  epidemics,  Hippocrates  (fifth  century 
B.C.)  describes  certain  continued  fevers  Avith  moderate  disturbances  of 
the  bowels,  much  wasting  and  delirium,  lasting  sometimes  40  days,  and 
recovering  rarely  by  crisis,  more  frequently  irregularly.  These  can 
hardly  be  other  than  cases  of  typhoid  fever.  Galen  observed  similar 
cases  and  described  them  under  the  names  ''hemitritaeus"  (used  by  Hip- 
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pocrates)  and  ''febris  semitertiana."  These  names  were  used  for  cen- 
turies. In  the  seventeenth  century  Spigelius,  writing  under  the  title 
''De  Febre  Semitertiana,"  reports  necropsies  in  which  spots  and  sloughs 
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were  observed  in  the  intestine.  Similar  lesions  were  found  and  re- 
ported by  other  Italian  physicians.  Near  the  middle  of  the  same  century 
an  English  physician,  Willis,  made  necropsies  and  observed  like  changes 
in  the  intestine.    About  the  same  time,  the  father  of  English  medicine, 
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Sydenham,  described  a  fever  lasting  from  14  to  30  days,  with  a  tendency 
to  diarrhea,  delirium  and  epistaxis. 

In  the  eighteenth  century  many  contributions  to  the  knowledge  of 
this  disease  were  made.  Morgagni  described  the  intestinal  ulcers,  per- 
forations, and  enlarged  mesenteric  glands  and  spleen.  Tissot,  of  Lau- 
sanne, gave  a  good  description  of  the  disease,  as  did  Huxham,  of  England. 
The  latter 's  picture  is  sketched  in  the  following  words: 

''The  patient  at  first  gi'ows  listless  and  feels  sliglit  chills  a,nd  sudors  with  uncertain 
flushes  of  heat  and  a  kind  of  weariness  all  over.  This  is  always  attended  by  a 
heaviness  and  dejection  of  spirit.  A  nausea  and  disrelish  of  everything  soon  follow. 
Though  a  kind  of  lucid  interval  of  several  hours  intervenes,  yet  the  symptoms  re- 
turn with  aggravation,  especially  towards  night;  the  head  grows  more  heavy,  the 
heat  is  greater,  the  pulse  quicker;  a  great  torpor  or  obtuse  pain  affects  the  head 
and  is  commonly  succeeded  by  some  degTce  of  delirium.  In  this  condition  the 
patient  often  continues  five  or  six  days,  seeming  not  very  sick;  about  the  seventh 
or  eighth  day  the  giddiness,  pain  or  heaviness  of  the  head  becomes  much  greater, 
often  delirium  appears  with  universal  tremors  and  muttering,  the  tongue  grows 
often  very  dry,  often  very  thin  stools  are  discharged;  now,  nature  sinks  apace; 
the  pulse  may  be  said  to  tremble  and  flutter  rather  than  to  beat;  the  sick  man  be- 
comes quite  insensible,  and  the  delirium  ends  in  a  profound  coma;  and  that  soon  in 
an  eternal  sleep. ' ' 

Up  to  the  nineteenth  century  all  the  continued  fevers  with  delirium 
were  known  under  the  general  name  of  "^typhus."  Early  in  the  seven- 
teenth century  some  of  the  more  observant  physicians  began  to  suspect 
that  two  quite  distinct  diseases  were  included  under  the  diagnosis  of 
typhus  and  on  this  point  there  grew  up  a  discussion  which  continued 
for  200  years.  That  knowledge  might  be  gained  to  settle  this  question, 
necropsies  were  frequently  resorted  to  and  most  minute  and  exact  studies 
of  the  lesions  were  made.  In  a  medical  way  the  dispute  became,  par- 
tially at  least,  an  international  one.  French  physicians,  led  especially 
by  Bretonneau,  of  Tours,  held  that  in  their  necropsies  they  found,  quite 
usually,  lesions,  inflammatory  and  ulcerative,  in  the  ileum,  while  British 
physicians  for  the  most  part  failed  to  find  such  changes. 

The  great  clinicians  of  Paris  in  the  early  part  of  the  nineteenth  century 
were  Trousseau  and  Louis  and  these  were  earnest  in  presenting  their 
views.  At  that  time  many  of  the  brighter  young  medical  men  of  this 
country  went  to  Paris  to  continue  their  studies.  There  they  heard 
the  lectures  and  saw  the  necropsies.  Stopping  in  Great  Britain  on  their 
visits  to  and  from  Paris,  they  heard  lectures  and  saw  necropsies.  In 
France,  ulcers  were  found  in  the  intestines ;  in  England  they  were  not. 
In  this  country,  some  necropsies  revealed  intestinal  lesions  while  others 
did  not.  It  soon  became  evident  that  there  were  two  distinct  diseases, 
differing  not  only  in  the  lesions  found  after  death  but  in  onset,  prog- 
ress, and  in  other  respects.     The  old  name,  typhus,  was  retained  for 
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the  form  without  intestinal  lesions,  and  the  new  term  "typhoid"  given 
to  that  with  such  lesions.  Louis  selected  the  new  name,  and  in  giving 
it  he  said : 

"I  have  long  searched  for  a  word  to  express  the  anatomical  cliaracter  of  this 
disease  which  would  not  be  disagreeable  to  the  ear,  and  having  failed  to  find  such 
an  one,  I  have  adopted  the  expression  'affection  typhoide'  as  being  at  least  free 
from  inconveniences." 

Bretonneau  had  used  the  designation  ''dothinenterie,"  meaning  pustule 
in  the  intestine.  The  Avord  "typhoid"  is  unfortunate  and  not  so  good  as 
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the  English  designation  "enteric  fever."  The  Germans  know  it  as 
"abdominal  typhus."  Gerhard,  of  Philadelphia,  is  generally  given  credit 
of  finally  settling  the  dispute  concerning  the  duality  of  the  old  typhus. 
Valliex  wrote  in  1839 : 

"Gerhard  established  for  the  first  time  the  very  important  fact  that  there  can 
exist,  and  there  do  exist,  at  the  same  time  in  the  same  country  two  diseases  that 
may  be  clearly  distinguished  and  in  which  one  can  predict  during  life  the  lesions 
which  will  be  found  after  death.  These  diseases  are  typhoid  fever  and  the  true 
typhus. ' ' 
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Early  in  our  Civil  War,  medical  officers  reported  fevers  wliich,  in  their 
opinion,  differed  from  typhoid  fever  as  seen  in  the  North.  The  first 
board  appointed  (1861)  to  investigate  this  matter  reported  that  "the 
fever  prevalent  among  the  soldiers  was  bilious  remittent  fever  which, 
not  having  been  controlled  in  its  primary  stage,  has  assumed  that 
adynamic  type  which  is  present  in  enteric  fever."  A  second  board  was 
convened  (1862)  for  the  purpose  of  revising  the  sick  report.  Major 
Woodward,  the  chief  of  this  board,  insisted  that  ''the  prevailing  fevers 
of  the  Army  on  the  Potomac  were  hybrid  forms,  resulting  from  the 
combined  influences  of  malarial  poisoning  and  of  the  causes  of  typhoid 
fever,"  and  he  insisted  that  they  should  be  reported  as  ''typho-malarial 
fever."  This  designation  became  official  July  1,  1862,  and  from  that 
time  to  June  30,  1866,  57,400  cases  with  5,360  deaths,  were  reported 
under  this  name. 

While  Woodward's  designation  of  the  disease  was  adopted,  his  under- 
standing of  its  nature  was  quite  generally  ignored.  He  believed  it  to 
be  a  hybrid  resulting  from  coincident  malarial  and  typhoid  infections, 
while  the  greater  part  of  the  profession  understood  it  to  be  a  severe  form 
of  malarial  infection.  In  Woodward's  opinion  typho-malaria  was  quite 
as  severe  and  fatal  as  typhoid,  because  it  was  typhoid  in  one  already 
infected  with  malaria  or  vice  versa.  He  also  believed  that  a  trace  of 
scurvy,  often  unrecognizable  until  typhoid  infection  developed,  rendered 
the  latter  more  grave.  The  majority  of  physicians  and  the  laity  regarded 
tj^pho-malaria  as  a  severe  malaria,  but  much  less  grave  than  typhoid. 
The  new  term  took  a  part  of  the  sting  out  of  the  diagnosis  of  typhoid 
and  many  a  practitioner,  in  the  kindness  of  his  heart,  in  his  desire  to 
spare  patients  and  friends,  found  the  compound  word  a  welcome  sub- 
terfuge. With  the  mobilization  of  troops  in  the  war  with  Spain  (1898) 
the  same  fever  spread  rapidly  through  the  camps,  large  and  small,  north 
and  south  of  the  Mason  and  Dixon  line,  and  was  recorded  on  sick 
reports  under  a  multitude  of  names,  chiefly  malaria,  but  often  typho- 
malaria  and  many  other  designations  hitherto  and  subsequently  unused. 
The  board  of  medical  officers  appointed  to  investigate,  employing  scien- 
tific methods  of  diagnosis,  soon  showed  that  malaria  was  very  infrequent 
and  that  more  than  ninety-nine  per  cent  of  the  cases  were  typhoid. 
Among  nearly  20,000  cases,  12  of  coincident  malarial  and  typhoid  in- 
fection were  found;  and  even  in  these  the  malarial  manifestations  were 
suppressed  during  the  course  of  the  typhoid.  A  man  already  malarial 
is  not  immune  to  typhoid  or  vice  versa,  but  even  in  coincident  infection 
there  is  no  peculiar  or  characteristic  symptom-complex.  It  follows  that 
''typho-malaria"  in  any  sense  is  a  misnomer  and  should  not  be  used. 

Malaria  is  not  the  onl.v  infection  Avhich  may  be  coincident  with 
typhoid.     Cases,  though  few  in  number,  have  been  reported  in  which 
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typhoid  lias  been  coincident  with  the  following:  Malta  fever,  recurrent 
fever,  anthrax,  Asiatic  cholera,  diphtheria,  miliary  tuberculosis,  scarlet 
fever,  and  both  amoebic  and  bacterial  dysentery.  These  facts  simply 
show  that  the  above  mentioned  infections  establish  no  immunity  to 
typhoid  nor  does  this  disease  protect  the  individual  against  other  bac- 
terial invasions. 

The  Causative  Organisms. — In  1880,  Klebs  and  subsequently  Eberth, 
published  their  findings  after  bacteriologic  studies  of  the  bodies  of  those 
dead  with  tj^phoid  fever.  Both  reported  abundant  short  rods.  In  addi- 
tion to  these,  Klebs  found  in  certain  tissues,  long,  unbranching  bacterial 
forms  which  he  believed  to  be  associated  Avith  the  disease.  He  found 
these  organisms  in  Peyer's  patches,  in  the  mesenteric  lymph  nodes,  and 
in  the  blood  vessels.  Eberth  stated  that  the  rods  which  he  found,  at 
least  some  of  them,  possessed  spores  and  did  not  readily  stain  Avith  the 
ordinary  anilin  dyes.  It  is  evident  that  both  investigators  found  the 
typhoid  bacillus  and  that  both  Avere  Avrong  in  some  particulars.  Klebs 
apparently  was  Avrong  in  attaching  importance  to  the  filamentous  growth 
and  Eberth  Avas  Avrong  in  attributing  the  spores  to  the  rods ;  also  in 
stating  that  the  rods  do  not  readily  take  the  ordinary  anilin  dyes.  To 
an  unprejudiced  revicAver  of  the  papers  presented  by  these  men  it  ap- 
pears plain  that  Klebs  Avas  the  original  discoverer,  but  for  some  reason 
the  name  of  Eberth  has  become  firmly  attached  to  this  bacillus  and  the 
fever  Avhich  it  produces  is  noAv  knoAATi  as  ''Eberthian  typhoid  fever."  In 
1881,  in  a  second  communication,  Klebs  described  a  method  for  the  arti- 
ficial culture  of  the  rods  but  again  his  claim  Avas  ruled  out,  and  it  is 
generally  stated  that  the  credit  of  cultiA^ating  the  bacillus  typhosus  out- 
side of  the  animal  body  belongs  to  Gaffky,  who,  hoAvever,  did  not  report 
his  work  until  1884. 

There  were  always  some  students  of  this  subject,  notably  Babes  and 
Vaughan,  who  refused  to  belicA^e  that  the  Eberthian  bacillus  is  the  sole 
cause  of  clinical  typhoid  fever.  In  1892,  Vaughan,  after  calling  atten- 
tion to  the  marked  morphologic  and  cultural  differences  between  the 
microorganisms  found  in  the  spleen  after  death  from  typhoid  fever, 
argued  that  all  cases  of  this  disease  are  not  due  to  a  specific  organism 
but  to  any  one  of  a  number  of  related  bacteria.    He  stated : 

"If  we  cannot  agree  in  tMs  conclusion,  we  must  accept  the  view  of  Babes  that 
there  are  varieties  of  the  Eberth  bacillus.  It  probably  makes  but  little  difference 
whether  we  conclude  that  these  germs  are  varieties  of  one  species  or  that  they  are 
related  species.  I  know  of  no  hard  and  fast  lines  upon  which  one  can  decide,  to 
the  satisfaction  of  every  one  else,  whether  two  or  more  germs,  differing  more  or 
less,  should  be  classified  as  species  or  as  varieties." 

In  1896,  Archard  and  Bensaude  reported  finding,  once  in  the  urine 
and  again  in  a  parotid  abscess  in  cases  of  typhoid  fever,  a  specific  micro- 
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organism  Avliich  differs  in  its  sugar  reactions  from  the  Eberth  bacillus. 
This  is  now  known  as  the  bacillus  of  paratyphoid  B,  In  1897,  Gwyn 
isolated  from  the  circulating  blood  of  a  case  of  clinical  typhoid  an 
organism  which  differed  from  both  the  others.  This  is  now  known  as 
the  bacillus  of  paratyphoid  A.  There  is  an  extensive  group  of  bacilli 
with  the  typical  typhoid  at  one  extreme  and  the  typical  colon  bacillus 
at  the  other  and  with  many  intermediate  varieties.  It  is  easy  to  dis- 
tinguish between  the  extremes,  but  it  still  remains  difficult  to  exactly  and 
satisfactorily  locate  every  member  of  this  group.  The  Eberth  bacillus 
is  motile,  sometimes  highly,  sometimes  less  freely;  it  does  not  coagulate 
milk;  it  does  not  redden  litmus  milk;  it  forms  blue  colonies  on  plates  of 
gelatin  colored  with  litmus;  when  grown  in  whey,  colored  with  litmus 
it  produces  only  slight  cloudiness  and  at  most  only  slightly  reddens  the 
medium;  when  grown  in  fermentation  tubes  in  solutions  containing 
lactose,  raffinose,  or  saccharose,  it  produces  neither  acid  nor  gas;  when 
grown  in  solutions  containing  glucose,  levulose,  maltose,  galactose,  dul- 
eite,  or  mannite,  it  may  produce  small  amounts  of  acid  but  it  does  not 
produce  gas;  on  Endo  medium  its  colonies  are  colorless;  grown  in 
Drigalski  medium  its  colonies  are  blue  and  transparent;  it  blackens  sub- 
acetate  of  lead;  it  produces  no  indol;  when  grown  in  beef  broth  its 
cultures  have  no  significant  odor  and  do  not  form  a  pellicle. 

Bacillus  paratyphosus  A,  when  grown  in  solutions  of  lactose,  raffinose, 
or  saccharose,  produces  neither  acid  nor  gas;  in  solutions  containing 
glucose,  levulose,  maltose,  galactose,  dulcite,  or  mannite,  it  produces 
both  acid  and  gas;  on  Endo  medium  its  colonies  are  colorless;  on  Drigal- 
ski medium  its  colonies  are  blue  and  transparent;  it  does  not  blacken 
subacetate  of  lead;  it  produces  no  indol;  when  grown  in  beef  broth  its 
cultures  have  a  slight  odor. 

Bacillus  paratyphosus  B,  when  grown  in  solutions  containing  lactose, 
raffinose,  or  saccharose,  produces  neither  acid  nor  gas;  when  grown 
in  solutions  containing  glucose,  levulose,  maltose,  galactose,  dulcite,  or 
mannite,  it  produces  both  acid  and  gas;  on  Endo  medium  its  colonies 
are  colorless;  on  Drigalski  medium  its  colonies  are  blue  and  transparent; 
it  blackens  subacetate  of  lead;  it  produces  no  indol;  when  groAvn  in 
beef  broth  its  cultures  have  a  disagreeable  fecal  color  and  it  forms 
pellicles. 

Cultures  of  the  colon  bacillus  have  a  distinct  fecal  odor;  the  organism 
is  slightly  motile,  sometimes  nonmotile ;  it  coagulates  litmus  milk,  pro- 
duces strong  acid  in  a  few  hours;  when  grown  in  solutions  containing 
lactose,  raffinose,  or  saccharose,  it  produces  both  acid  and  gas;  the 
same  is  true  when  grown  in  solutions  containing  the  other  sugars;  on 
Endo  medium  its  colonies  are  red;  on  Drigalski  medium  its  colonies  are 
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red  and  opaque;  most  strains   do  not  blacken  subacetate  of  lead;  it 
produces  indol. 

It  will  be  seen  from  the  above-mentioned  facts  that  it  requires  some- 
what of  an  expert  to  distinguish  at  all  times  between  these  organisms. 
Clinically,  the  distinction  is  usually  made  by  obtaining  pure  cultures 
in  cases  of  typhoid  fever  from  the  blood,  the  urine,  or  the  feces,  and 
testing  the  agglutinating  properties  of  the  culture  thus  obtained  with 
specific  sera.  The  blood  of  a  case  of  typhoid  fever  due  to  any  one  of 
the  three  species  or  varieties  does  not  agglutinate,  at  least  in  high 
dilution,  the  other  organisms.  This  is  the  method  employed  in  dis- 
tinguishing the  three  varieties  of  typhoid  fever.  Whether  other  varieties 
will  be  detected  or  not  remains  for  the  future  to  determine.  As  has 
been  stated,  there  are  cases  of  clinical  typhoid  fever  in  which  no  specific 
organism  has  as  yet  been  detected  in  the  blood,  urine,  or  feces. 

Transmission. — When  typhoid  fever  was  first  distinguished  from 
typhus  fever  the  former  was  supposed  not  to  be  transmissible.  This 
conclusion,  however,  was  reached  simply  by  comparison  with  typhus 
fever.  Some  of  the  keener  observers  in  the  early  part  of  the  nineteenth 
century,  especially  Leuret  (1828),  Bretonneau  (1829),  Gendron  (1834), 
and  Piedvache  (1850),  came  to  the  conclusion  that  typhoid  fever  is  to 
a  limited  extent  contagious  or  transmissible.  The  first  to  show  how  this 
disease  is  transmitted  was  an  English  physician  by  the  name  of  Budd, 
who  began  his  publications  on  this  subject  in  1856.  By  close  epidemi- 
ologic study  he  showed  that  water  or  milk  contaminated  with  the  feces 
of  one  sick  with  typhoid  fever  may  transmit  the  disease  to  others.  He 
laid  special  emphasis  upon  this  fact  and  stated:  ''This  method  of  re- 
production is  not  only  a  characteristic  but  the  master  fact  in  the  history 
of  typhoid  fever."  It  is  interesting  to  note  that  he  went  so  far  as  to 
point  out  that  the  stools  of  those  convalescing  from  typhoid  fever  may 
serve  in  the  transmission  of  this  disease.  Indeed,  he  stated  the 
transmission  of  this  disease  is  always  caused  by  the  transfer  of  the 
dejections  from  the  infected,  either  directly  or  indirectly,  to  the  mouth 
of  the  one  to  receive  the  infection.  He  said  that  a  sewer  is  only  a  pro- , 
longation  of  the  alimentary  tract  of  the  infected  person. 

Murchison,  who  wrote  abundantly  and  learnedly  upon  this  subject 
(1850-1884),  also  believed  that  typhoid  fever  may  be  transmitted  by 
polluted  water  or  milk.  However,  he  believed  that  this  disease  may 
originate  de  novo.  In  other  words,  he  taught  that  the  feces  from  healthy 
persons,  as  M^ell  as  other  kinds  of  filth,  undergoes  outside  the  body  a 
process  of  fermentation  during  which  the  virus  of  this  disease  is  pro- 
duced. This  was  knoAvn  as  the  ^'pythogenic  theory"  and  it  did  much 
to  retard  the  scientific  advancement  of  knowledge  concerning  the  true 
etiology  of  the  disease. 
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About  the  middle  of  the  nineteenth  century,  Munich  was  the  very 
hot  bed  of  this  disease.  At  that  time  there  came  to  this  city  a  young, 
intelligent  epidemiologist,  one  of  the  first  of  his  kind,  by  the  name  of 
Pettenkoffer.  The  city  was  honey-combed  with  privy  vaults  and  shallow 
wells.  The  contents  of  the  former  leached  into  the  latter  from  which 
the  people  drank.  Pettenkoffer  taught  that  the  filth  in  the  soil  under- 
goes a  ripening  process  in  which  the  virus  of  typhoid  fever  is  elaborated. 
This  doctrine  came  to  be  known  as  the  ''ground-water  theory."  Pet- 
tenkoffer  advised  that  the  privies  be  closed,  that  sewers  be  introduced, 
and  that  a  pure  water-supply  be  brought  direct  from  a  mountain  lake 
many  miles  distant.  His  advice  was  followed  and  resulted  in  the  eradi- 
cation of  this  disease  to  such  an  extent  that  of  all  the  capitals  of  Europe 
Munich  had  the  lowest  death  rate  from  typhoid  fever.  Vienna  followed 
the  example  and  secured  a  similar  result.  Thus,  it  is  seen  that  even  an 
erroneous  theory  may  lead  to  great  improvement  in  the  well-being  of 
the  people.  From  an  annual  death  rate  per  100,000  of  203  from  1857- 
1867,  the  decrease  in  Munich  was  continuous,  and  from  1901-1910  it 
averaged  2.5.  Even  the  small  figure  shown  in  the  last  given  decennium 
was  due  to  those  who  acquired  the  infection  in  other  localities.  This  is 
probably  the  most  striking  and  the  best  illustration  of  what  may  be 
accomplished  in  the  eradication  of  this  disease  by  purely  sanitary 
measures. 

Water-Borne  Typhoid. — The  results  obtained  in  Munich  and  Vienna 
were  sufficiently  striking  to  arouse  the  attention  of  the  civilized  world 
and  cities  began  to  seek  uncontaminated  water-supplies,  to  forbid  the 
use  of  privies  within  their  limits,  and  to  improve  their  sewerage.  Quite 
naturally,  European  cities  led  in  this  work.  However,  American  cities 
have  followed  and  today,  apart  from  war  conditions,  there  is  no  large 
city  in  the  civilized  world  which  does  not  more  or,  less  eifeetively  guard 
its  water-supply.  It  is  true  that  the  death  rate  in  Petrograd  from  water 
contamination  continued  to  be  excessive  up  to  the  time  of  the  war  and 
probably  has  not  decreased  under  Soviet  rule.  In  1910  the  death  rate 
from  this  disease  in  that  city  was  33.7  per  100,000. 

Man  has  demonstrated  that  there  is  no  body  of  fresh  water  in  the 
world  so  large  and  so  pure  that  he  may  not  dangerously  contaminate 
it,  certainly  in  some  localities.  For  manj^  years  Chicago  took  its  water 
supply  from  Lake  Michigan,  and  at  the  time  of  the  "World's  Fair  at  that 
place  (1893)  there  were  more  than  30  public  sewers  and  innumerable 
private  ones,  emptying  their  contents  into  the  same  water.  It  is  needless 
to  say  that  at  that  time  the  death  rate  from  typhoid  fever  in  Chicago 
was  high.  Indeed,  it  was  so  alarming  as  to  threaten  the  success  of  the 
exposition  and  a  private  water  line  was  laid  from  Waukesha,  Wisconsin, 
to  the  exposition  grounds. 
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There  is  probably  nowhere  on  the  surface  of  the  earth  a  larger  or 
purer  water-supply  than  that  contained  in  Lake  Superior.  Yet,  at  both 
ends  of  this  great  lake,  to  say  nothing  of  places  along  its  border,  the 
water  has  been  so  contaminated  as  to  cause  serious  outbreaks  of  typhoid 
fever.  In  the  early  nineties  of  the  last  century  Duluth  put  its  water- 
crib  in  the  lake  and  emptied  its  sewage  into  the  same  body  of  water,  not 
far  distant.  In  January,  1891  there  was  a  severe  epidemic  of  typhoid 
fever  in  that  city,  with  more  than  1,500  cases  developing  within  two  or 
three  weeks.  During  the  epidemic  Vaughan  examined  four  samples  of 
this  water,  one  of  which  was  taken  from  a  tap  in  a  doctor's  office,  the 
occupant  of  which  had  gone  home  some  days  before  Avith  typhoid  fever, 
and  so  far  as  known  the  tap  had  not  been  used  since  he  left  the  office. 
In  this  sample  a  typhoid-like  bacillus  was  found.  No  suspicious  organ- 
ism could  be  detected  in  the  other  samples.  About  the  same  time  the  city 
of  Sault  Ste.  Marie  was  taking  its  water-supply  above  the  rapids,  having 
the  whole  of  Lake  Superior  as  its  reservoir.  In  the  fall  of  1890,  owing 
to  a  break  in  the  lock,  more  than  200  boats  were  detained  for  two  days 
above  the  lock  and  in  the  immediate  vicinity  of  the  intake.  Nearly  400 
cases  of  typhoid  fever  developed  within  a  few  days  in  that  city.  The 
same  epidemiologist  found  a  toxicogenic  bacillus  in  the  water  at  the 
height  of  the  epidemic.  A  month  later  the  water  from  this  source  con- 
tained less  than  100  bacteria  in  each  c.c.  and  among  these  there  was  no 
suspicious  organism.  Milwaukee,  Traverse  City,  Port  Huron,  St.  Clair 
and  Detroit  have  had  similar  experiences.  Water-borne  tj'phoid  fever 
usually  manifests  itself,  especially  when  the  contamination  is  great  and 
sudden,  by  an  explosive  outbreak,  many  cases  of  the  disease  appearing 
almost  simultaneously. 

The  introduction  of  filtration  and  sterilization  for  water-supplies  has 
had  a  marked  effect  on  the  incidence  of  the  disease  in  many  cities.  Mills, 
Sedgwick,  Whipple,  Kober,  Johnson  and  many  others  have  written 
voluminously  on  the  subject.  The  Massachusetts  State  Board  of  Health 
Eeport  for  1892  contains  accounts  of  water-borne  epidemics  at  Lowell 
and  Lawrence.  Both  cities  drank  water  from  the  sewage-polluted  Mer- 
rimac  River.  Great  epidemics  broke  out  in  both  cities  in  1890.  The 
Lowell  epidemic  Avas  traced  to  an  unusual  infection  on  Stony  Brook,  a 
small  tributary  of  the  Merrimac.  The  Lawrence  epidemic  followed 
shortly  after,  being  due  to  the  Stony  Brook  infection  and  also  to  the 
typhoid  polluted  sewage  from  Lowell,  which  was  discharged  into  the  river 
only  nine  miles  above  the  Lawrence  intake.  Nearly  fifteen  hundred 
cases  of  typhoid  occurred  at  this  time  in  these  two  cities.  Lowell  changed 
to  driven  wells  as  a  source  of  water,  with  a  consequent  reduction  from  a 
general  average  typhoid  death  rate  of  80  to  one  of  20.  Lawrence,  on 
the  other  hand,  installed  a  slow  sand  filtration  plant.     From  a  rate  of 
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120  prior  to  1892,  typhoid  fell  in  a  few  years'  time  to  a  level  of  20. 
Among  cities  with  similar  experiences  may  be  mentioned  Albany,  Bing- 
hamton,  "Watertown,  all  in  New  York,  Paterson,  N.  J.,  and  Trenton, 
N.  J.  Newark  cut  its  typhoid  mortality  to  one-third  by  shifting  its 
water-supply  from  the  polluted  Passaic  River  to  the  unpolluted  Pequan- 
noek.  Jersey  City  likewise  reduced  its  typhoid  by  abandoning  the  pol- 
luted Passaic  in  favor  of  less  polluted  streams.  Hazen  estimates  that 
in  1900  about  6.3  per  cent  of  the  urban  population  of  the  United  States 

TYPHOID  FEVER  MORTALITY 
IN  THE  12  U.3.CITIE5  WITH  OVEB 
500,000   POPULATION. 
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was  receiving  filtered  water.  By  1904  this  had  increased  to  9.7  per  cent 
and  in  1913  to  20  per  cent.  Fuller  places  the  figure  at  33  per  cent  in  1921. 
A  record  of  typhoid  prevalence  in  United  States  cities  is  furnished 
by  the  Journal  of  the  American  Medical  Association.  It  has  been  cus- 
tomary each  year  since  1913  to  present  a  summary  of  typhoid  death 
rates  during  the  preceding  year.  There  are  available  from  this  source 
average  death  rates  for  three  five-j^ear  periods,  namely,  1906  to  1910, 
1911  to  1915  and  1916  to  1920.  This  material,  which  we  reproduce  in 
tabular  form,  gives  us  an  illuminating  picture  of  the  universal  decline 
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in  typhoid  tlirougliout  the  larger  cities  in  this  country.  The  cities  are 
grouped  by  size  on  the  basis  of  the  1920  census.  We  have  omitted  sev- 
eral cities  for  which  15  year  records  are  incomplete. 

Table   IX 
Death  Eates  from  Typhoid  Fever  in  U.  S.  Cities  of  More  than  500,000  Population 


ANNUAL    RATE    PER    100,000 

Group  I. 

1906-1910 

1911-1915 

1916-1920 

ORDER    CITY 

RATE 

ORDER   CITY 

RATE 

ORDER    CITY 

RATE 

1.  New  York 

13.5 

1.  New  York 

8.0 

1.  Chicago 

2.4 

2.  St.  Louis 

14.7 

2.  Boston 

8.0 

2.  Boston 

2.5 

3.  Cleveland 

15.7 

3.  Chicago 

8.2 

3.  New  York 

3.2 

4.  Cliicago 

15.8 

4.  Cleveland 

10.0 

4.  Los  Angeles 

3.6 

5.  Boston 

16.0 

5.  Los  Angeles 

10.7 

5.  Cleveland 

4.0 

6.  Los  Angeles 

19.0 

6.  Philadelphia 

11.2 

6.  San  Francisco 

4.6 

7.  Detroit 

21.1 

7.  St.  Louis 

12.1 

7.  Philadelphia 

4.9 

8.  Buffalo 

22.8 

8,  San  Francisco 

13.6 

8.  St.  Louis 

6.5 

9.  San  Francisco 

27.3 

9.  Buffalo 

15.4 

9.  Pittsburgh 

7.7 

10.  Baltimore 

35.1 

10.  Pittsburgh 

15.9 

10.  Buffalo 

8.1 

11.  Philadelphia 

41.7 

11.  Detroit 

18.1* 

11.  Detroit 

10.6* 

12.  Pittsburgh 

65.0 

12.  Baltimore 

23.7 

12.  Baltimore 

1L8 

Average 

25.6 

12.9 

5.8 

Data  from 

Journal  of  American  Medical 

Association 

,  March  26,   1921. 

*Based  on  corrected  populations,  Detroit's  average  from   1911-15  was  14.8  and  from  1916-20,  8.1. 
Journal  A.   M.  A.   did   not  correct  previous   average   rates   following    1920  census. 


Table    X 

Death  Eates  from  Typhoid  Fever  in  U.  S.  Cities  of  from  300,000  to  500,000 

Population 


annual  RATE   PER 

100,000 

Group  II. 

1906-1910 

1911-1915 

1916-1920 

order  city 

RATE 

ORDER  CITY 

RATE 

ORDER  CITY 

RATE 

1.  Newark 

14.6 

1.  Seattle 

5.7 

1. 

Seattle 

2.9 

2.  Seattle 

25.2 

2.  Newark 

6.8 

o 

Newark 

3.3 

3.  Milwaukee 

27.0 

3.  Cincinnati 

7.8 

3. 

Cincinnati 

3.4 

4.  Cincinnati 

30.1 

4.  Minneapolis 

10.6 

4. 

Minneapolis 

5.0 

5.  Indianapolis 

30.4 

5.  Milwaukee 

13.6 

5. 

Milwaukee 

6.5 

6.  Minneapolis 

32.1 

6.  Kansas  City 

16.2 

6. 

Washington 

9.5 

7.  New  Orleans 

35.6 

7.  Washington 

17.2 

7. 

Indianapolis 

10.3 

8.  Kansas  City 

35.6 

8.  Indianapolis 

20.5 

8. 

Kansas  City    - 

10.6 

9.  Washington 

36.7 

9.  New  Orleans 

20.9 

9. 

New  Orleans 

17.5 

Average 

29.7 

13.2 

7.7 

Data  from  Journal  of  American  Medical  Association,  March  26,   1921. 

In  the  cities  of  Group  I,  having  over  500,000  population,  New  York 
was  lowest  in  the  first  period,  1906  to  1910,  with  a  rate  of  13.5.  In  the 
next  five  year  period  New  York's  rate  fell  to  8.0,  and  in  the  third  period, 
from  1916  to  1920,  there  was  a  further  drop  to  the  unusually  low  figure 
of  3.2.    At  the  lower  end  of  the  table,  or  in  12th  place  in  1906-10,  stood 
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Table     XI 

Death  Rates  ffvOM  Typhoid  Fever  in  U.  S.  Cities  of  from  200,000  to  .300,000 

Population 


annual  rate  pee 

1  100,000 

Group  III. 

1906-1910 

1911-1915 

1916-1920 

OEDER  CITY 

rate 

ORDER  CITY 

RATE 

ORDER  CITY 

RATE 

1.  Jersey  City 

12.6 

1.  Jersey  City 

7.2 

1. 

Eochester 

2.9 

2.  Rochester 

12.8 

2.  Oakland 

8.7 

2. 

St.  Paul 

3.1 

3.  Providence 

14.3 

3.  St.  Paul 

9.2 

3. 

Oakland 

3.8 

4.  St.  Paul 

18.3 

4.  Eochester 

9.6 

4. 

Providence 

4.4 

5.  Oakland 

21.5 

5.  Providence 

10.2 

5. 

Portland,  Ore. 

4.5 

6.  Portland,  Ore. 

23.2 

6.  Portland,  Ore. 

iO.S 

6. 

Jersey  City 

4.5 

7.  Toledo 

37.5 

7.  Denver 

12.0 

7. 

Denver 

5.8 

8.  Denver 

37.5 

8.  Columbus 

15.8 

8. 

Columbus 

7.1 

9.  Columbus 

40.0 

9.  Louisville 

19.7 

9. 

Louisville 

9.7 

10.  Louisville 

52.7 

10.  Toledo 

31.4 

10. 

Toledo 

10.6 

11.  Atlanta 

58.4 

11.  Atlanta 

31.4 

11. 

Atlanta 

14.2 

Average 

29.9 

15.1 

6.4 

Data  from  Journal  of  American  Medical  Association,  March  26,   1921. 


Table    XII 

Death  Rates  prom  Typhoid  Fever  in  TJ.  S.  Cities  op  prom  150,000  to  200,000 

Population 


Group  IV. 

ANNUAL  RATE   PEE   100,000 

1906-1910 

1911-1915 

1916-1920 

order  city 

rate 

order  city 

RATE 

ORDER  CITY 

RATE 

1.  Worcester,  Mass. 

2.  Syracuse 

3.  Dayton 

4.  New  Haven 

5.  Richmond 

6.  Memphis 

7.  Omaha 

11.8 
15.6 
22.5 
30.8 
34.0 
35.3 
40.7 

1.  Worcester,  Mass 

2.  Syracuse 

3.  Dayton 

4.  Omaha 

5.  Eichmond 

6.  New  Haven 

7.  Memphis 

.     5.0 
12.3 
14.8 
14.9 
15.7 
18.2 
42.5 

1.  Worcester,  Mass, 

2.  Omaha 

3.  New  Haven 

4.  Syracuse 

5.  Dayton 

6.  Eichmond 

7.  Memphis 

,     3.5 

5.7 
6.8 
7.7 
9.3 
9.7 
27.7 

Average 

27.2 

17.6 

10.1 

Data  from  Journal  of  American  Medical  Association,  March  26,  1921. 

Table   XIII 

Death  Rates  from  Typhoid  Fever  in  XJ.  S.  Cities  of  from  125,000  to  150,000 

Population 

Group  V. 

ANNUAL  RATE   PER   100,000 

1906-1910 

1911-1915 

1916-1920 

order  city 

rate 

ORDER  city 

RATE 

ORDER  CITY 

RATE 

1.  Bridgeport,  Conn 

2.  Hartford,  Conn. 

3.  Paterson,  N.  J. 

4.  Grand  Eapids, 
Mich. 

5.  Scranton,  Pa. 

.  10.3 
19.0 
19.3 
29.7 

31.5 

1.  Bridgeport 

2.  Paterson 

3.  Scranton 

4.  Hartford 

5.  Grand  Eapids 

5.0 

9.1 

9.3 

15.9 

25.5 

1.  Scranton 

2.  Bridgeport 

3.  Hartford 

4.  Paterson 

5.  Grand  Eapids 

3.8 

4.8 
6.0 
6.7 

9.1 

Average 

22.0 

13.0 

6.1 

Data  from  Journal  of  American  Medical  Association,  March  26,  1921. 
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Table  XIV 

Death  Bates  from  Typhoid  Fever  in  U.  S.  Cities  of  from  100,000  to  125,000 

Population 


ANNUAL  RATE   PEB 

:  100,000 

iGroup  VI. 

1906-1910 

1911-1915 

1916-1920 

ORDER  CITY 

RATE 

ORDER  CITY 

RATE 

ORDER  CITY 

RATE 

1.  Cambridge, 

9.8 

1.  Cambridge 

4.0 

1. 

Yonkers 

2.2 

Mass. 

2.  Yonkers,  N.  Y. 

10.2 

2.  Yonkers 

8.5 

2. 

Cambridge 

2.5 

3.  Fail  Eiver, 

13.5 

3.  Lowell 

10.2 

3. 

Tacoma 

2.9 

Mass. 

4.  Lowell,  Mass. 

13.9 

4.  Tacoma 

10.4 

4. 

Spokane 

4.9 

5.  NeAv  Bedford, 

16.1 

5.  Pall  Eiver 

13.4 

5. 

Lowell 

5.2 

Mass. 

6.  Albany,  I^.  Y. 

17.4 

6.  New  Bedford 

15.0 

6. 

New  Bedford 

6.0 

7.  Tacoma,  Wash. 

19.0 

7.  Spokane 

17.1 

7. 

Albany 

8.0 

8.  Eeading,  Pa. 

42.0 

8.  Albany 

18.6 

8. 

Fall  Eiver 

8.5 

9.  Spokane,  Wash. 

50.3 

9.  Eeading 

31.9 

9. 

Eeading 

10.0 

10.  Nashville,  Tenn, 

,  61.2 

10.  Nashville 

40.2 

10. 

Nashville 

20.1 

Average 

25.3 

16.9 

7.1 

Data  from  Journal  of  American  Medical  Association,  March  26,  1921. 

Pittsburgh  with  a  rate  of  65.0.  In  the  succeeding  five  years  this  rate 
fell  to  15.9,  placing  Pittsburgh  in  10th  place,  and  in  the  third  period  the 
rate  was  7.7,  or  9th  place  among  the  largest  cities.  It  is  significant  that 
Baltimore,  the  12th  city  in  the  last  period,  with  a  rate  of  11.8,  has  a 
lower  figure  than  New  York,  which  stood  in  first  place  in  1906-10  with 
a  rate  of  13'.5.  The  most  noticeable  improvement  in  relative  positions 
was  attained  by  Philadelphia,  which  rose  from  11th  place  in  1906-10  to 
7th  place  in  1916-20. 

In  the  cities  of  Group  II,  with  populations  from  300,000  to  500,000, 
Newark  and  Seattle  have  consistently  held  either  first  or  second  place  in 
the  three  periods.  Washington  stood  last  in  1906-10  with  a  rate  of  36.7 
but  moved  up  to  6th  place  in  1916-20  with  a  rate  of  9.5.  New  Orleans 
had  the  poorest  rate  in  1916-20,  the  figure  being  17.5.  The  cities  of  the 
third  group,  population  200,000  to  300,000,  had  rates  ranging  from  12.6 
to  58.4  in  the  first  period  and  from  2.9  to  14.2  in  the  last.  Eochester, 
N.  Y.,  has  consistently  maintained  its  position  near  the  top.  There  are 
seven  cities  in  Group  IV  with  rates  in  1916-20  ranging  from  3.5  to.  27.7, 
the  latter  figure  being  that  of  Memphis,  Tenn.  Worcester  has  led  these 
cities  in  all  three  periods.  Omaha  rose  from  seventh,  or  last  place,  in 
the  first,  to  second  place  in  the  third  period.  In  the  last  two  groups  of 
cities,  Scranton,  Pa.,  shows  an  improvement  from  a  rate  of  31.5  in  1906-10 
to  3.8  in  1916-20.  Spokane,  Wash.,  likewise  evidences  a  remarkable  drop 
in  typhoid,  the  rate  in  1906-10  being  50.3  and  in  the  most  recent  period 
4.9,  which  is  less  than  one-tenth  the  former  rate.  Considering  the  entire 
list  of  cities,  Cambridge,  Mass.,  had  the  lowest  rate  from  1906  to  1910, 
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namely,  9.8,  also  the  lowest  rate  in  1911-1915,  or  4,0;  Yonkers,  N.  Y.,  tlie 
lowest  in  1916-20,  or  2.2.  The  poorest  rate  in  the  first  period  was  that 
of  Pittsburgh  (65.0)  ;  in  the  second  period  Memphis  (42.5)  ;  in  the  third 
period  Memphis  27.7. 

In  this  last  period  it  is  the  largest  cities  of  the  country  which  have 
collectively  the  lowest  typhoid  death  rate,  namely,  5.8.  Group  V  stands 
second  with  6.1,  Group  III  6.4,  Group  VI  7.1,  Group  II  7.7  and  last. 
Group  IV  10.1.  Of  all  the  cities  from  which  records  are  available,  the 
ten  with  the  lowest  typhoid  fever  death  rates  for  the  five  years  ending 
in  1920  are: 

Yonkers                                                   "  2.2 

Chicago  2.4 

Boston  2.5 

Cambridge  2.5 

Seattle  2.9 

Eochester  2.9 

Taeoma  2.9 

St.  Paul  3.1 

New  York  3.2 

Newark  3.3 

Stating  the  typhoid  situation  in  general  terms,  we  may  say  that  for 
every  4  deaths  in  the  period  of  1906-10,  there  were  2  in  1911-15  and  only 
1  in  1916-20. 

The  cause  of  this  decline  has  been  largely  due  to  the  substitution  of 
safe  water  for  polluted  water.  Many  cities  have,  during  this  period, 
installed  filtration  plants  or  chlorin  equipment  for  the  disinfection  of 
water-supplies,  and  the  history  of  individual  cities  is  striking  testimony 
of  the  immediate  improvement  in  the  typhoid  situation  as  the  result  of 
the  use  of  safe  water.  The  chart  for  Trenton,  N.  J.,  is  but  one  example, 
and  the  same  experience  has  been  duplicated  by  Pittsburgh,  Philadel- 
phia, Albany  and  numerous  other  cities.  Credit  must  also  be  given,  of 
course,  to  the  elimination  of  open  privies  accessible  to  flies  and  domestic 
animals,  to  the  wide  extension  of  the  use^  of  pasteurized  milk,  to  the 
improved  methods  for  detecting  typhoid  carriers  and  to  the  elimination 
of  such  carriers  in  food  handling  occupations. 

Improvement  in  water-supplies  has  been  credited  with  a  reduction  in 
deaths  from  other  causes  as  well  as  typhoid  fever.  In  1910  Sedg\\ack 
and  MacNutt  gave  publicity  to  the  Mills-Reincke  Phenomenon  and  to 
Hazen's  Theorem.  The  first  was  the  outcome  of  the  independent  obser- 
vations in  1893-94  by  Hiram  F.  Mills,  C.  E.,  of  Lawrence,  Massachusetts, 
and  Dr.  J.  J.  Reincke  of  Hamburg,  Germany,  that  the  purification  of 
public  water-supplies  effected  a  decline  in  the  total  death  rate  in  a  way 
not  wholly  accounted  for  by  the  reduction  in  typhoid.     In  1904  Allen 
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Hazen  concluded  from  a  study  of  the  work  of  Mills  and  Eeincke  and 
from  later  observations  of  liis  own  that  "where  one  death  from  typhoid 
fever  has  been  avoided  by  the  use  of  better  water,  a  certain  number  of 
deaths,  probably  two  or  three,  from  other  causes  have  been  avoided." 
Various  reasons  have  been  advanced  to  explain  this  result.  While  it  is 
not  diffi-cult  to  understand  that  better  water  might  lessen  the  general 
mortality  among  babies  and  young  children,  especially  from  diarrheal 
diseases  due  to  water  or  to  milk  diluted  with  water,  it  is  not  so  easy  to 
believe  that  pneumonia  and  tuberculosis  and  other  diseases  associated 


SKEPTICISM 


Yetxr  190O  oi   oa  03   04   05  ofc  07  oe  09   10    u    iz    13    14   is,    I6    17    I6    w    20 


UNTEE/vTED      "WATEK.      FSOM 
THE     DEL.A.-WA.CE      EIVEIE. 


FILTRATION. 


F!g.   17. 


with  adult  life  would  be  muTkedly  affected.  Guided  by  the  experience 
of  recent  years  it  is  our  opinion  that  the  Mills-Reincke  Phenomenon, 
in  so  far  as  it  is  related  to  respiratory  diseases,  was  based  on  faulty 
premises.  The  original  suggestion  came  from  the  experiences  of  Ham- 
burg, Lowell  and  Lawrence  in  the  decade  1890-1900.  The  improvement 
in  the  general  death  rate  was  represented .  by  the  years  subsequent 
to  1893.  This  was  contrasted  with  the  years  prior  to  this  date.  It  will 
be  recalled  that  the  great  influenza  pandemic  began  in  December,  1889, 
and  continued  witli  recurrent  waves  until  1894.  The  reduction  in  the 
general  death  rate  after  1893  was  coincident  with  the  introduction  of 
better  water  in  the  three  cities  mentioned.    The  reaction  from  the  infiu- 
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enza  epidemic  was  marked  by  a  low  mortality,  just  as  has  been  observed 
in  1920  and  1921,  following  the  pandemic  of  1918.  Thus  what  appeared 
to  result  in  Lawrence,  Lowell  and  Hamburg  from  better  water  has  not 
been  borne  out  to  the  same  extent  in  some  cities  and  not  at  all  in  others. 
Deaths  from  acute  respiratory  diseases  in  Albany  fell  off  precipitously 
after  1891,  8  years  before  filtration.  Following  filtration  in  1899  they 
dropped  slightly.  No  such  decline  in  the  general  death  rate  followed  in 
Binghamton,  where  filtration  began  in  1902,  or  in  Watertown,  where 
filtration  went  into  effect  in  1904.     Though  Hazen's  Theorem  has  not 
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been  substantiated  by  subsequent  experience,  there  is  some  ground  for 
expecting  a  decline  in  mortality  in  diseases  other  than  typhoid.  Recently 
Dublin  has  shown  from  a  study  of  death  rates  among  holders  of  insur- 
ance policies  that  for  the  first  two  or  three  years  after  recovery  from 
typhoid  fever  the  death  rate  among  these  recovered  people  is  more  than 
twice  the  normal  rate.  In  other  words,  those  who  recover  from  typhoid 
fever  are  for  two  or  three  years  thereafter  more  liable  to  other  infec- 
tions than  are  people  who  have  not  had  the  disease. 

We  might  say  that  the  reduction  in  urban  typhoid  has  even  exceeded 
our  expectations.    Chicago's  rate  for  1920  was  1.1.    Admitting  that  Chi- 
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cago's  milk  and  water-supply  are  so  pure  that  no  case  of  typhoid  fever 
results  therefrom,  it  is  difficult  to  believe  that  residents  of  Chicago 
would  not  bring  more  typhoid  fever  into  the  city  acquired  in  other 
places  than  is  indicated  by  these  figures.    Vaccination  for  typhoid  fever 
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is  not  generally  practiced,  nor  so  far  as  we  knoAv,  is  it  practiced  at  all  in 
the  city  of  Chicago.  If  so  good  a  result  can  be  obtained  without  vac- 
cination, there  remains  no  great  argument  for  the  recommendation  or 
enforcement  of  this  procedure  in  civilized  communities.  As  the  Journal 
of  the  American  Medical  Association  points  out,  the  records  bearing  on 
this  point  from  New  York  are  probably  the  most  reliable.  In  1918,  for 
example,  135  cases  were  attributed  to  out-of-town  infection,  23  to  milk 
contamination  and  83  to  contact.  It  should  be  remarked  that  these  fig- 
ures cover  only  the  third  quarter  of  the  year. 

Since  1914  it  has  been  customary  in  Detroit  to  visit  every  case  of 
typhoid  reported.  So  far  as  possible,  the  source  of  the  disease  has  been 
determined.  Of  those  cases  where  definite  information  could  be 
obtained,  the  most  common  cause  of  Detroit  cases  was  infection  con- 
tracted outside  the  city.  This  amounts  to  about  30  per  cent.  Infection 
from  drinking  and  bathing  in  polluted  river  water  makes  up  about 
10  per  cent.  Contact  infection  accounts  for  8  per  cent.  Some  causes 
have  been  notably  reduced  since  1914.  Thus,  milk  accounted  for  44 
cases  in  1914  but  none  since,  a  single  exception  occurring  in  1921.  In- 
fection contracted  from  drinking  water  on  the  Great  Lakes  boats  ac- 
counted for  4.7  per  cent  of  all  cases  prior  to  1918  and  only  0.7  per 
cent  since  that  time.  Improvement  in  diagnosis  is  to  be  noted.  Prior  to 
1918,  9.3  per  cent  of  cases  were  questionably  diagnosed.  In  the  last  four 
years  only  5.2  per  cent  have  been  placed  in  this  category. 

Table  XVI 
Sources  of  Typhoid  Fever  Cases  in  Detroit 


JULY  1,  1914— 

DEC.  31,  1917 


JAN.   1,  1918— 

DEC.  31,  1921. 


number  %  OP  TOTAL  NUMBER  %   OP  TOTAL 
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Boats 
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Procedures  for  the  protection  of  municipal  water-supplies  must  de- 
pend upon  and  be  determined  by  local  conditions.  The  most  natural 
thing  to  do  is  to  go  to  uncontaminated  sources,  such  as  mountain  lakes 
and  barren  plains  situated  in  regions  where  contamination  is  practi- 
cally impossible.     This  was  the  method  followed  by  Munich  and  Vienna. 
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Most  of  the  larger  Italian  cities  have  done  the  same  thing.  In  some 
instances  an  abundance  of  potable  water  is  found  by  sinking  wells  in 
barren  and  sparsely  inhabited  areas ;  however,  it  is  exceedingly  rare 
to  find  enough  water  to  supply  a  large  city  in  such  districts.  There  are 
large  parts  of  the  earth  covered  by  sand  and  gravel  deposits  which  form 
filter  beds  that  surpass  anything  that  man  can  build,  but  in  most  of 
these  localities  the  soil  has  already  been  contaminated  by  man.  New 
York  City  has  always  had  a  relatively  low  death  rate  from  typhoid 
fever.  For  many  years  it  secured  safe  water  by  preventing  contamina- 
tion of  the  Croton  watershed.  This  the  city  was  able  to  do  as  a  result 
of  legislative  enactment,  because  the  M^hole  of  the  watershed  lay  without 
the  city's  jurisdiction.  This  supply  having  proved  inadequate,  Ncav 
York  at  great  cost  has  gone  to  the  Catskill  Mountains  for  its  supply. 
Most  cities  are  so  situated  that  they  must  obtain  their  supply  from 
sources  which  are  liable  to  pollution.  This  has  necessarily  led  to  the 
development  of  methods  of  water  purification.  Filtration  and  proper 
chlorination  have  been  so  well  developed  that  even  a  polluted  stream 
may  furnish  safe  drinking  water.  It  is  not  within  the  province  of  an  epi- 
demiologist to  go  into  detail  concerning  the  methods  of  water  purifica- 
tion. This  belongs  to  the  sanitary  engineer,  and  it  must  be  admitted 
that  when  given  the  opportunity  he  has  done  his  work  with  commend- 
able skill  and  success. 

The  introduction  of  pure  water-supplies  will  not  wholly  eliminate 
typhoid  fever  from  our  cities.  It  has  proved  to  be  true  that  there  are 
always  those  who  will  not  use  the  public  water-supply,  however  excel- 
lent it  may  be,  but  will  continue  to  drink  from  polluted  wells  and  other 
contaminated  sources.  Then,  there  is  the  greedy  manufacturer,  who, 
to  save  the  small  expense  incurred  in  using  the  city  supply,  will  run 
a  private  line  into  some  contaminated  source  and  thus  introduce  the 
disease  among  his  employes.  Instances  of  this  have  frequently  come 
to  light.  Many  dwellers  in  cities  spend  days  or  weeks  during  the  sum- 
mer in  the  country,  where  they  are  ready  apparently  to  accept  without 
question  the  water-supply  of  any  locality.  It  follows  that  the  death 
rates  from  this  disease  even  in  cities  supplied  with  the  purest  waters 
increase  with  the  return  of  those  who  have  been  recuperating  their 
health  at  the  seashore,  in  the  mountains,  in  some  village,  or  on  some 
farm.  From  infections  acquired  outside  the  city,  a  certain  number  of 
secondary  cases  due  to  contact  invariably  occur. 

The  small  town  or  growing  city  which  is  in  the  transition  stage  be- 
tween private  well  water  and  a  public  piped  supply  has  a  difficult  prob- 
lem to  solve.  There  are  many  citizens  loath  to  abandon  the  grand,  cold, 
sparkling  well  waters  raised  by  the  old  oaken  bucket  and  the  chain 
pump.     Usually  these  waters  are  badly  polluted  by  seepage  from  cess- 
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pools  and  privies.  Under  these  circumstances  the  introduction  of  filtra- 
tion in  a  city  in  which  only  part  of  the  inhabitants  are  reached  by  the 
public  supply  may  not  show  an  immediate  reduction  in  typhoid.  Youngs- 
town,  Ohio,  is  an  example.  Hansen,  of  the  Ohio  State  Board  of  Health, 
found  that  out  of  153  cases  occurring  in  the  early  part  of  1906,  93' 
resided  in  houses  where  there  were  no  sewers  and  no  public  supply,  and 
109  claimed  to  have  used  well  water  only.  The  outbreak  was  attributed 
to  polluted  wells  and  direct  contact,  including  transmission  by  flies. 

Bowen,  epidemiologist  of  the  New  Jersey  State  Board  of  Health,  re- 
ports an  epidemic  of  71  cases  traced  to  a  polluted  well  in  Eoebling, 
N.  J.  In  the  course  of  a  previous  investigation,  recommendation  had 
been  made  that  this  well  be  discontinued  because  of  its  dangerous  sur- 
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roundings.  This  advice  was  ignored.  Later,  or  in  October,  1912,  typhoid 
appeared  with  a  sudden  flareup.  The  investigation  developed  that  the 
cases  were  largely  confined  to  men  working  in  one  of  the  shops.  Of 
seventy-one  cases  that  occurred,  63  were  men  actively  engaged  in  the 
Eoebling  Works.  Eight  cases  not  among  male  workers  included  6 
children  and  two  women.  The  male  cases  were  confined  to  a  few  build- 
ings which  were  not  reached  by  the  town  water-supply.  Employes 
either  carried  water  from  the  taps  in  other  buildings  or  from  a  spring 
on  the  hillside  some  distance  away,  or  from  a  well  conveniently  located 
on  adjoining  property.  Although  the  emplo^^es  in  this  group  of  build- 
ings constituted  less  than   one-third  of  the   total  force,  yet  they  fur- 


284  EPIDEMIOLOGY 

nislied  all  of  the  typhoid  cases.  The  well  in  question  was  a  dug  well 
about  fifteen  feet  deep.  It  was  located  beneath  the  floor  of  a  shed  at- 
tached to  the  rear  of  one  of  four  two-family  frame  dwellings,  known 
locally  as  ''KJnickerbocker  Eow. "  Open  seams  in  the  board  floor 
covering  the  well  permitted  polluting  material  from  the  unclean  floor 
to  fall  directly  into  the  well.  The  surrounding  ground  was  grossly 
polluted.  A  box  drain  for  waste  liquids  bordered  the  well  and  con- 
nected with  a  drain  running  to  the  river.  Information  was  obtained  of 
two  children  who  had  been  ill  in  the  house  adjoining  the  well  during 
October.  One  of  the  cases  showed  a  positive  Widal.  Facts  regarding 
the  other  case  were  incomplete.  The  people  were  foreigners  unfamiliar 
with  English,  and  it  was  very  difficult  to  secure  reliable  information 
from  them.  A  sample  of  well  water  collected  on  November  8  yielded 
the  typhoid  bacillus.  The  well  was  closed  to  the  public  on  October  28 
and  no  cases  occurred  two  weeks  after  this  date. 

No  one  has  been  more  regardless  of  the  water  supplied  his  family 
than  the  isolated  farmer.  He  digs  his  well  without  reference  to  geo- 
logical formations  and  he  seems  possessed  with  the  idea  that  he  must 
get  his  privy  vault  and  his  cesspool  as  close  to  the  well  as  possible. 
For  this  and  other  reasons  strictly  rural  communities  are  often  badly 
infected  with  this  disease. 

Numerous  and  serious  outbreaks  of  diarrhea  and  typhoid  fever  have 
occurred  in  the  crews  and  among  the  passengers  on  our  river  and  lake 
boats.  In  one  short  season  several  hundred  who  enjoyed  a  vacation  on 
one  of  the  most  palatial  steamers  plying  the  G-reat  Lakes  were  stricken 
with  this  disease.  Similar  facts  were  observed  on  one  or  more  of  the 
Mississippi  boats.  These  occurrences  became  so  frequent  and  so  serious 
that  the  matter  demanded  and  received  federal  investigation.  At  that 
time  the  drinking  water-supply  of  most  steamers  was  taken  through 
pipes  perforating  the  bottom  of  the  vessel.  The  drinking  water  tanks 
were  filled  whenever  and  wherever  the  demand  appeared.  It  sometimes 
happened  that  the  pumps  were  set  going  in  most  highly  polluted  harbors. 
However,  the  more  intelligent  captains  forbade  this.  With  the  immense 
tonnage  of  the  Great  Lakes,  and  with  boats  plying  practically  the  same 
lanes,  hundreds  in  a  procession,  with  innumerable  cities  pouring  their 
sewage  into  the  lakes,  with  storms  tossing  and  mixing  waters,  it  is  safe 
to  say  that  even  in  these  great  bodies  of  water  it  is  dangerous  to  take  on 
a  drinking  supply  at  any  point  without  purification.  Federal  regulations 
demand  the  sterilization  of  water  used  for  drinking  purposes  on  the 
boats  of  the  Great  Lakes  and  the  large  rivers. 

On  some  of  the  smaller  boats  pressure  filters  are  employed.  These, 
however,  are  not  suitable  for  large  supplies,  and  give  a  low  degree  of 
bacterial   efficiency,   and  consequently  may  become   a  source  of   actual 
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danger.  Ozonization  lias  liad  its  advocates,  but  is  very  uncertain  of 
results,  as  well  as  expensive  in  operation.  Liquid  chlorin  has  been 
given  a  general  trial,  but  found  dangerous,  due  to  possible  leakage  in 
connections,  liberating  thereby  the  gas,  which  may  be  absorbed  only 
by  flooding  the  engine  room  with  water.  No  satisfactory  means  of 
automatic  control  has  been  devised  for  such  a  chlorin  plant.  Ultra- 
violet ray  sterilization  and  steam  offer  at  the  present  time  the  best 
results.  The  former  is  most  generally  used  on  passenger  ships  on  our 
Great  Lakes — the  latter  on  the  freighters.  The  ultraviolet  ray  must 
be  employed  in  connection  with  a  pressure  filter,  as  the  water  must 
first  be  freed  of  large  organic  particles  and  sediment,  since  the  light 
cannot  penetrate  such  obstacles.  "When  first  employed,  a  gravity  type 
of  ultraviolet  machine  was  used,  but  this  has  now  been  superseded  by 
a  more  satisfactory  pressure  type.  This  method,  although  more  expen- 
sive than  steam,  due  to  the  possible  breakage  of  lamps,  has  proved  very 
efficient  and  gives  great  promise  for  the  future.  Steam  sterilization 
automatically  controlled  by  valves  proves  satisfactory  with  certain  types 
of  water.  When  lime  is  present  the  valves  tend  to  become  hardened  and 
fail  to  work.  Cooling  is  accomplished  by  recirculating  the  effluent 
through  coils  placed  inside  of  the  incoming  water.  Li  lakes  where  the 
water  is  generally  warm,  it  is  difficult  to  obtain  a  rapid  cooling  of  the 
treated  water,  with  the  result  that  the  bacterial  count  remains  high,  due 
to  aftergrowths.  This  difficulty  is  met  with  on  the  Great  Lakes  during 
the  hot  summer  months.  Brine  pipes  can  be  used,  but  this  again  adds 
to  the  cost,  and  most  lake  boats  are  not  equipped  with  such  apparatus. 

In  discussing  the  relation  between  boats  and  typhoid  fever,  it  may 
be  well  to  call  attention  to  the  fact  that  these  transports  may  infect 
city  supplies ;  in  fact,  this  is  exactly  what  did  happen  in  1890  at  Sault 
Ste.  Marie.  The  sewage  of  boats  is  discharged  untreated  into  the  Avater. 
It  has  been  suggested  that  with  the  abundance  of  steam  at  hand  it 
would  not  be  a  heavy  financial  burden  upon  the  owners  of  boats  to 
compel  them  to  sterilize  all  waste  material  before  discharging  it  into 
the  water. 

Of  the  millions  of  people  traveling  daily  on  our  railroads  there  are 
many  who  are  typhoid  carriers ;  some  are  in  the  initial  stage  of  the 
disease ;  some  are  convalescing;  while  others  are  either  temporary  or 
permanent  carriers.  The  fecal  discharges  from  these  people  are  being 
scattered  along  the  railroad  tracks,  some  of  it  to  be  washed  into  public 
water-supplies.  This  is  a  condition  for  which  no  satisfactory  remedy 
has  been  found.  Several  devices  have  been  offered,  but  none  has  proved 
satisfactory.  Here  is  a  matter  awaiting  the  discovery  of  suitable  ap- 
paratus by  some  engineering  genius.  The  drinking  water  used  on  inter- 
state trains  is  under  the  supervision  of  the  U.  S.  Public  Health  Service. 
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These  waters  are  periodically  examined,  generally  by  some  state  or 
municipal  board  of  health.  The  common  drinking  cup  on  railroad 
trains  has  disappeared.     There  is  some  carelessness  still  in  filling  both 


the  water  and  the  ice  tanks.  The  water-supplies  of  those  trains  which 
are  confined  to  individual  states  are  under  the  supervision  of  the  State 
Board  of  Health. 
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To  acquire  typhoid  fever  from  water  it  is  not  essential  that  the  water 
be  used  for  drinking  purposes.  Of  course,  some  of  it  must  reach  the 
mouth  and  be  swallowed.  There  are  several  cases  on  record,  when  in 
the  midst  of  a  municipal  or  village  epidemic,  some  more  than  usual 
intelligent  family  stops  drinking  the  water,  but  continues  to  use  it  in 
cleaning  the  teeth  and  in  complete  or  partial  ablution  of  the  body. 
The  possibility,  as  indeed  the  probability  of  acquiring  this  disease  by 
bathing  in  infected  pools,  should  not  be  overlooked.  Articles  of  food 
which  are  eaten  raw  may  be  washed  with  infected  water  and  the  disease 
thus  transmitted. 

Typhoid  fever  may  result  from  bathing  or  swimming  in  grossly  pol- 
luted waters.  The  accompanying  map  illustrates  the  conditions  which 
obtained  in  Detroit  during  the  unusually  warm  month  of  July,  1921. 
The  municipal  bathing  beach  is  on  Belle  Isle,  at  the  point  marked  ''A." 
This  island  park  is  connected  with  the  mainland  by  a  bridge,  the  latter 
terminating  in  a  boulevard  which  divides  the  western  and  central  sec- 
tion of  the  city  from  the  eastern,  and  tends  to  direct  the  westerly  traffic 
to  the  Belle  Isle  beach,  while  it  was  found  that  the  residents  of  the 
eastern  section  were  in  the  habit  of  dressing  at  home  and  traveling  to 
the  nearest  beach.  The  river  current  is  swift,  and  the  island  shore  is 
sanitary,  while  the  waters  bordering  the  mainland  are  highly  polluted 
with  sewage  discharged  into  the  river  from  two  small  streams  above. 
This  outbreak  of  typhoid  fever  was  ascribed  to  river  bathing  only 
after  all  other  possible  sources  of  infection  had  been  eliminated,  and 
after  it  had  been  definitely  found  that  the  people  in  this  particular  sec- 
tion of  the  city  were  accustomed  to  bathing  in  these  polluted  waters. 

It  is  worthy  of  observance  that  the  most  notable  improvements  in 
water-supplies  have  been  due  to  our  esthetic  sense  and  desire  for  the 
comforts  of  life  rather  than  for  the  purpose  of  preventing  disease. 
The  drinking  of  polluted  water  is,  fortunately,  naturally  repugnant  to 
man.  One  might  speculate  as  to  what  would  have  happened  to  the 
race  had  man  been  an  obligate  water  drinking  animal.  The  senior 
author  has  been  severely  taken  to  task  for  saying  that  infected  water 
has  killed  more  people  than  alcoholic  drinks.  The  statement  is  true, 
however,  but  it  should  not  be  considered  as  a  recommendation  for 
alcoholic  drinks  but  as  a  condemnation  of  infected  water.  We  are  in- 
clined to  the  opinion  that  the  preparation  and  consumption  of  alcoholic 
and  caffein-containing  drinks  have  been  due  largely  to  an  unconscious 
effort  on  the  part  of  man  to  escape  infection  by  water-borne  diseases. 
For  centuries  the  surface  water-supplies  of  central  and  southern  Europe 
were  almost  universally  and  continuously  infected,  but  a  large  portion 
of  the  people  escaped  typhoid  fever  because  they  did  not  drink  water. 
For  many  years,  and  even  now,  the  waters  of  rural  France  and  Belgium 
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may  be  regarded  as  contaminated.  It  is  true  that  all  rural  Frenchmen 
have  not  died  from  typhoid  fever,  but  they  have  not  as  a  rule  drunk 
water.  Enough  of  them  diluted  their  native  wine  with  Avater,  suffi- 
ciently so  that  the  mixture  had  no  destructive  action  on  the  bacillus, 
drank  it,  and  acquired  typhoid  fever.  The  dejections  from  these,  un- 
disinfected,  were  deposited  in  shallow  privies  or  thrown  on  the  surface 
and  reached  the  water-supplies.  Thus  the  vicious  circle  was  established 
and  continued  to  operate  from  generation  to  generation.  Before 
Pettenkoffer's  time,  the  people  in  Munich  who  drank  water  developed 
typhoid  fever  and  many  died.  The  more  sensible  people  brewed  their 
beer  and  did  without  water.  Unconsciously,  it  happened  that  the  people 
of  those  localities  most  heavily  infected  with  typhoid  fever  turned  to 
some  other  drink  than  water.  The  Chinese  have  kept  relatively  free 
from  this  disease  by  their  universal  addiction  to  tea  drinking,  for  in 
the  preparation  of  this  beverage  sterilization  of  the  water  is  secured. 
The  introduction  of  municipal  water-supplies  was  not  for  the  purpose 
of  preventing  disease  but  with  the  intention  of  making  life  more  com- 
fortable. The  engineer  of  ancient  Rome  showed  skill  in  the  con- 
struction of  his  great  aqueducts,  which  still  are  used  in  part  in  con- 
veying pure  water  to  the  city.  These  works  must  have  cost  much  in 
time,  labor,  and  money,  but  the  Roman  citizen  enjoyed  his  bath  more 
than  he  feared  infection.  His  esthetic  sense  was  thrilled  by  the  play 
of  the  great  fountains  and  he  had  never  heard  of  water-borne  typhoid 
fever.  The  introduction  of  an  abundant  water-supply  into  Rome  neces- 
sitated the  disposal  of  the  excess  of  water,  and  as  a  consequence  the 
Cloaca  Maxima  and  other  sewers  were  completed.  Had  man  been  an 
obligate  water  drinker,  in  our  opinion,  one  of  three  things  would  have 
happened.  (1)  He  would  have  been  exterminated  by  Avater-borne  dis- 
eases. (2)  He  would  have  secured  immunity  to  these  diseases  as  have 
most  of  the  lower  animals.  (3)  He  would  have  continued  to  be  a  nomad, 
moving  constantly,  fleeing  as  it  were,  from  the  localities  which  he  con- 
taminated Avith  his  own  excretions.  It  should  not  be  understood  that 
these  statements  are  made  for  the  purpose  of  recommending  the  con- 
tinuation of  the  use  of  an}^  of  these  artificial  beverages.  For  this  coun- 
try at  least  enough  safe  water  can  be  found  so  that  resort  to  alcoholic 
drinks  is  no  longer  necessary.  However,  we  wish  to  state  with  just  as 
much  emphasis,  that,  in  our  opinion,  to  condemn  the  use  of  wine  in 
France,  Italy,  and  other  vine-groAving  countries  AA^ould  at  this  time  be 
both  unscientific  and  inhumane. 

It  may  be  remarked  that  the  year  1921  has  shoAvn  a  slight  setback 
in  the  typhoid  situation  Avhich  is  quite  general.  This  is  revealed  in 
the  reports  of  the  Metropolitan  Life  Insurance  Company  from  its  millions 
of  policies   among  Avage   earners   throughout   the   United   States.     The 
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typhoid  death  rate  among  this  class  was  6.6  per  100,000,  or  about  the 
same  as  1920.  However,  during  the  latter  half  of  the  year  the  rate 
was  actually  higher  than  during  similar  months  of  the  preceding  year. 
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From  January  to  June  there  was  a  decline  of  14  per  cent  in  the  typhoid 
death  rate  among  white  persons  and  15  per  cent  among  colored  per- 
sons, as  compared  with  the  rate  for  the  first  six  months  of  1920.    The  num- 
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ber  of  deaths  during  the  latter  part  of  the  j^ear,  however,  exceeded  those 
of  1920. 

Table  XVI 

Typhoid  Fever  Mortality, 

Annual  Bate  per  100,000 

Industriai.  Dept.,  Metropolitan  Life  Insurance  Co. 

1921  1920 

July  7T2  576 

August  10.3  6.7 

September  13.6  6.7 

October  8.4  10.7 

November  8.7  6.7 

December  6.0  5.0 

We  quote  from  the  Metropolitan  Statistical  Bulletin  of  February,  1922  : 
"The  best  explanation  that  we  can  offer  for  the  cessation  in  the  fall  in  the  death 
rate  was  the  unusual  temperature  conditions  of  1921.  The  year  was  characterized 
by  a  world-wide  excess  of  heat  and  deficiency  of  rain.  In  New  York  City,  for  ex- 
ample, there  was  an  excess  of  1,046  degrees  of  temperature  above  normal  and  the 
rainfall  was  10.25  inches  less  than  the  average  for  a  long  period  of  time.  The 
shortage  of  rain,  was  constant  over  most  parts  of  the  United  States  and  over  the 
world.  It  was  responsible  for  droughts  in  many  places.  The  water-supply  was  con- 
sequently lowered  to  the  danger  point  in  many  cities.  Therein  probably  lies  the 
explanation  for  the  increased  typhoid  fever  rate  for  the  last  half  of  1921.  For, 
with  lowered  water-supplies,  there  was  immediate  need  for  access  to  impure  and 
discarded  sources,  where  there  were  no  adequate  facilities  for  the  requisite  treat- 
ment which  would  insure  safety." 

Detroit  experienced  a  sharp  outbreak  of  typhoid  during  August,  1921, 
w^hich  was  believed  to  be  due  to  bathing  in  polluted  shore  waters.  This 
is  discussed  elsewhere. 

Milk-Borne  Typhoid,— Milk  may  become  infected  with  typhoid  bac- 
teria by  its  dilution  with  infected  water,  by  washing  milk  cans  with 
infected  water,  and  by  coming  in  contact  with  infected  persons  or  in- 
fected things.  Ordinarily,  typhoid  bacilli  do  not  multiply  rapidly  in 
water.  Experimental  results  show  that  these  organisms  live  longer  in 
sterilized  or  distilled  water  than  they  do  in  water  which  is  rich  in 
putrefying  organisms.  In  the  latter  instance  the  saprophytic  bacteria 
overgrow  and  destroy  the  typhoid  organisms.  On  the  other  hand-,  in 
milk,  typhoid  bacilli  find  an  excellent  medium  for  their  multiplication. 
For  this  reason  the  protection  of  milk  supplies  has  become  an  impera- 
tive sanitary  procedure.  It  is  essential  that  all  dairy  workers  should 
observe  the  most  rigid  personal  cleanliness.  The  udder  and  adjacent 
parts  of  the  cow  should  be  thoroughly  cleansed  before  milking.  It  will 
be  understood  that  there  is  no  danger  of  milk  infection  directly  through 
the  animal.  Cows  may  drink  typhoid-infected  water  or  they  may  eat 
food  infected  with  these  bacilli,  but  the  milk  as  it  comes  from  the  udder 
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will  not  be  contaminated  b.y  this  organism.  On  the  other  hand,  any  part 
of  the  exterior  of  the  animal  may  carry  the  infection  after  wading  in 
filthy  water  or  resting  upon  grass  polluted  by  typhoid  discharges  from 
man.  For  these  reasons  both  the  milch  cow  and  the  person  who  draws 
or  handles  the  milk  must  not  carry  typhoid  bacilli  and  should  be  kept 
scrupulously  clean.  All  milk  vessels  should  be  sterilized.  Likewise, 
they  should  be  screened  from  flies.  The  milk  supplies  of  all  well- 
regulated  cities  are  frequently  inspected  and  scored  to  prevent  the 
introduction  into  this  essential  food  of  any  infective  material.  Due  to 
the  fact  that  typhoid  bacilli  multiply  rapidly  in  milk  and  that  the  milk 
from  different  animals  and  often  from  different  herds,  is  mixed  before 
distribution,  this  article  of  food  becomes  an  important  factor  in  the 
spread  of  the  disease.  For  these  reasons  inspection  of  dairies  and  of 
dairy  workers  is  not  suffiicient  to  protect  the  consumer.  "When  milk 
does  become  infected  with  typhoid  organisms  and  the  disease  is  spread 
through  this  medium,  it  is,  as  a  rule,  not  less  than  ten  days  before  the 
outbreak  manifests  itself.  During  this  time  hundreds  of  people  may 
have  been  infected.  Most  cities  require  that  all  milk  be  either  pas- 
teurized or  certified.  Of  these  procedures  pasteurization  is  the  one  of 
choice.  Sterilization  of  milk  destroys  its  vitamins  and  thus  renders 
it  a  less  desirable  food.  In  the  last  two  decades  of  the  nineteenth  cen- 
tury the  sterilization  of  milk  was  generally  employed  by  the  more  intel- 
ligent people.  Infants  were  fed  for  months,  and  some  for  years,  largely 
if  not  solely,  on  this  food.  It  was  found  that  some  of  these  developed 
scurvy  and  other  evidences  of  malnutrition.  The  conclusion  was  reached 
that  these  untoward  results  were  due  to  sterilized  milk.  Then  there 
followed  a  time  when  certified  milk  was  greatly  in  demand.  A  certified 
milk  is  one  which  has  been  examined  by  a  bacteriologic-  expert  and 
found  not  to  contain  bacteria  of  any  kind  in  excessive  numbers  and 
which  has  been  produced  under  such  conditions  as  reasonably  assure 
the  absence  of  all  pathogenic  organisms.  To  secure  safe  certified  milk, 
expert  skill  is  demanded  and  this  must  be  in  operation  at  aU  times  to 
secure  satisfactory  results.  At  the  present  time  pasteurization  of  milk 
is  the  cheapest,  simplest  and  most  effective  process  for  preventing  milk- 
borne  epidemics.  The  city  which  does  not  require  the  pasteurization  of 
all  milk,  with  the  exception  of  that  certified,  sold  within  its  limits  can 
hardly  be  said  to  be  modern  in  its  sanitary  service.  Milk  epidemics 
of  typhoid  fever  have  for  the  most  part  been  easily  traced  but,  as  a 
rule,  not  until  many  families  have  been  infected. 

The  location  of  cases  in  milk  epidemics  is  characteristic,  for  they 
will  be  found  to  occur,  for  the  most  part,  along  the  single  milk  route 
affected.     In  water-borne  typhoid  the  cases  will  be  found  fairly  evenly 
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distributed   over    tlie   city,    or   proportionate   to    the   population   served 
by  the  water  mains. 

A  most  interesting  report  of  a  milk  borne  epidemic  is  that  given 
by  Bowen,  epidemiologist  of  the  New  Jersey  State  Board  of  Health,  in 
the  Annual  Eeport  for  1912.  Cases  began  to  appear  in  Moorestown, 
N.  J.  (population  about  4,000)  about  July  28.  Suspicion  was  first  di- 
rected to  the  water-supply  because  it  had  not  been  of  satisfactory  char- 
acter for  some  time.    However,  on  looking  into  the  matter  more  closely 
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it  was  soon  discovered  that  cases  were  largely  confined  to  families  sup- 
plied with  milk  by  dealer  M.  H.  In  fact  47  of  the  53  cases  included  in  the 
entire  outbreak  were  related  to  one  dealer  who  supplied  only  about  one- 
half  of  the  milk  sold  in  town. 


Milk  Dealers 

Daily  Amt.  Sold 

No.  OF  Cases 
AMONG  Patrons 

M.  H, 

700  Quarts 

47 

D.  E.  Farm 

Supplying  M.  H. 

H. 

S. 

50  Quarts 

600  Quarts 

50  Quarts 

6 
0 
0 
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Furthermore,  the  cases  were  confined  to  those  families  which  re- 
ceived milk  in  quairt  bottles.  Those  receiving  only  pint  bottles  had  no 
typhoid. 


Cases  in  families  receiving  quart  bottles  only 
Cases  in  families  receiving  quart  and  pint  bottles 
Cases  in  families  receiving  pint  bottles  only 
Cases  at  Seaside  Park 
Cases  on  the  farm 


27 

15 

0 

5 

6 


Another  fact  of  epidemiologic  interest  was  that  of  the  42  cases  in 
the  town  proper,  33  occurred  on  Route  No.  2  and  only  9  on  Route  No.  1 
of  M.  H's  supply. 

People  of  all  ages  and  occupations  were  included  among  the  cases. 
Thus  13  were  under  10,  11  from  10  to  20,  15  from  20  to  40,  8  from  40 
to  60  and  6  over  60. 

The  chronology  of  the  cases  is  shown  in  Table  XVII. 

Table  XVII 
date  no.  of  cases  showing  onset 


July  20 
21 
22 
23 
24 


25 
26 

27 
28 
29 


30 

31 

August  1 

2 

3 


9 
10 
11 
12 
13 


The  causal  circumstances  as  worked  out  in  this  study  were  as  fol- 
lows:   On  July  13  and  14  the  manager  of  the  D.  R.  farm  had  been  con- 
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fined  to  the  house  with  an  illness  which  was  judged  at  the  time  to  have 
been  a  slight  attack  of  grippe,  supposedly  resulting  from  exposure  while 
at  work  in  the  fields  during  a  storm.  He  was  visited  and  prescribed 
for  by  two  different  physicians.  Feeling  somewhat  better,  he  again  re- 
sumed his  farm  duties.  On  July  29  two  cases  of  typhoid  were  reported 
at  the  farm,  one  in  the  person  of  a  farm  hand  and  assistant  dairyman 
who  lived  in  the  family  of  the  farm  manager,  and  the  other  in  the  wife 
of  the  head  dairyman,  who  resided  in  a  tenant  house  on  the  farm.  The 
onset  in  these  two  cases  was  about  July  20.  About  August  1  the  head 
dairyman  showed  suspicious  symptoms,  and  he,  with  the  two  other  sick 
persons,  was  removed  to  a  hospital. 

On  August  6  a  specimen  of  blood  from  the  farm  manager  gave  a  posi- 
tive Widal,  and  on  August  14,  typhoid  bacilli  were  isolated  from  his  feces. 
The  manager's  wife  and  two  of  his  five  children  were  later  stricken. 
Investigations  on  nine  other  farms  contributing  to  M.  H.'s  supply  re- 
vealed no  suspicious  carriers.  There  were  five  persons  working  in  the 
milk  depot  of  M.  H.  The  senior  member  of  the  firm  had  had  typhoid 
twelve  years  previously,  but  on  August  6  he  gave  a  negative  AVidal. 
Specimens  from  the  other  four  on  August  7  showed  two  more  positives, 
the  junior  member  of  the  firm  and  his  son.  Within  a  day  or  so  later 
the  son  was  in  bed,  but  the  father  kept  on  working  although  admittedly 
feeling  ill.  He  was  then  removed  to  a  hospital,  and  both  father  and 
son  had  severe  cases  of  typhoid.  The  original  infection  of  the  milk 
supj)ly  was  due  to  the  farm  manager.  It  was  learned  that  he  frequently 
defecated  during  the  day  in  places  where  no  suitable  toilet  paper  was 
available  and  that  the  milkers  did  not  always  properly  clean  their  hands 
before  milking.  We  have  previously  stated  that  all  infection  was  con- 
fined to  those  receiving  quart  bottles  and  most  cases  were  on  Route 
2.  It  seems  that  the  D.  R.  farm  contributed  about  160  quarts  of  M. 
H's  total  supply  of  700.  From  30  to  40  quarts  of  the  morning's  milk 
from  the  D.  R.  farm  were  separated  shortly  after  its  receipt  at  the  milk 
depot.  This  milk  furnished  nearly  all  the  cream  sold  to  local  dealers. 
The  remaining  portion  of  the  morning's  milk  was  put  up  in  pint 
bottles.  There  was  no  typhoid  among  families  using  pint  bottles  only. 
This  fact,  with  other  supporting  data,  excluded  the  morning  milk  as 
a  source  of  infection.  The  night  milk  from  the  D.  R.  farm  was  all  put 
up  in  quart  bottles  at  the  milk  depot  of  M.  H.  Twenty-one  quarts  of 
this  Avent  to  families  in  Seaside  Park,  where  there  resulted  5  cases  of 
typhoid.  The  remainder  was  delivered  in  Moorestown.  The  wagon 
traversing  Route  2,  on  Avhicli  the  majority  of  eases  were  located,  was 
in  charge  of  the  junior  member  of  the  firm,  and  it  was  this  wagon 
which  received  most  of  the  night  milk  from  the  D.  R.  farm.  The  meth- 
ods of  handling  milk  in  the  depot  Avere  designed  to  avoid  mixing  the 
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milk  from  different  farms.  The  bottling  machine  was  entirely  emptied 
of  one  batch  before  another  was  added.  When  loading  the  wagons  the 
quart  bottles  of  night  milk  from  the  D.  R.  farm  were  most  likely  to 
be  placed  on  the  wagon  which  covered  Route  No.  2.  Thus  Route  1  was 
getting  the  greater  proportion  of  milk  from  other  farms.  While  the 
manager  of  the  D.  R.  farm  usually  assisted  in  the  morning  milking, 
he  did  on  occasions  assist  with  the  night  milk,  and  as  this  milk  was 
stored  overnight,  there  was  an  opportunity  for  the  typhoid  bacilli  to 
increase  in  numbers,  whereas  the  morning's  milk  was  delivered  im- 
mediately to  the  depot.  It  is  the  supposition  that  the  manager  uncon- 
sciously infected  the  night  milk  supply. 

It  is  important  to  note  in  connection  with  this  outbreak  that  the  D.  R. 
milk  was  obtained  from  high  priced  cows,  part  of  which  had  been  tuber- 
culin tested.  The  dairy  scored  high,  and  the  milk  was  regarded  as 
of  superior  quality.  Cans  and  utensils  were  subjected  to  flowing  steam 
after  washing,  and  yet,  in  spite  of  these  precautions,  the  milk  itself 
was  infected  probably  by  dirty  hands  in  milking.  The  sale  of  milk 
from  the  D.  R.  farm  was  stopped  on  August  2.  On  August  6  business 
was  temporarily  suspended  at  the  M.  H.  milk  depot  until  all  equipment 
was  thoroughly  sterilized,  and .  furthermore,  all  milk  was  heated  to 
145°  F.  for  20  minutes  before  being  distributed.  Following  the 
sickness  among  workers  in  the  milk  depot  on  August  7,  the  M.  H.  dairy 
was  required  to  stop  all  sale  of  milk  on  August  8.  They  continued  dis- 
tributing, however,  securing  a  supply  of  pasteurized  bottled  milk  from 
an  entirely  new  source.  The  onset  of  the  final  ease  Avas  on  August  12, 
or  10  days  following  the  stoppage  of  milk  from  the  D.  R.  farm. 

Inquiry  among  43  of  the  53  typhoid  cases  showed  that  the  outbreak 
had  cost  Moorestown  nearly  twelve  thousand  dollars  divided  among 
the  following  items. 

1.  Money  loss  in  wages   or  other  earning  power   of  15 

wage  earners  during  illness  $  2,264.46 

2.  Cost    of    drugs    and    medical    supplies    in    22    home- 
treated  cases  385.24 

3.  Paid  for  nurses'  salaries,  in  18  cases  2,885.50 

4.  Maintenance  of  nurse   (board,  etc.)  691.50 

5.  Attending:  physicians'  bills  in  24  home-treated  cases  1,903.94 

6.  Attending  physicians'  bills  in  7  hospital  cases  455.50 

7.  Other  expenses  incident  to  illness  1,250.42 

8.  Loss    of  wages    of   members    of   families    in    nursing 

three  patients  treated  at  home  94.00 

9.  Paid  for  hospital  treatment,  9  cases  1,092.00 
10.  Cost  of  hospital  treatment  in  ten  charity  patients  645.00 

Total  $11,667.56 

Total  time  lost  by  reason  of  illness  366  weeks,  6  days 

Days  patients  spent  in  hospitals  758 
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In  1908,  Trask,  of  the  U.  S.  Public  Health  Service,  collected  i-eports 
of  179  milk-borne  epidemics.  This  number  might  be  increased  greatly 
if  the  investigation  were  brought  up  to  date.  In  1917  Frost,  of  the 
same  service,  made  a  study  of  typhoid  epidemics  in  all  cities  of  more 
than  10,000  inhabitants  on  the  Ohio  Eiver  watershed.  Excluding  Pitts- 
burgh, Cincinnati,  and  Louisville,  Frost's  records  covered  25  cities  of 
over  25,000  inhabitants  each,  with  an  average  aggregate  population 
during  the  period  from  1910  to  1914  inclusive  of  slightly  more  than 
1,600,000.  During  the  five  years  mentioned,  distinctly  milk-borne  out- 
breaks of  typhoid  fever,  totaling  446  cases,  were  reported  in  seven  of 
these  cities.  Milk  was  believed  to  be  the  cause  of  approximately  5.4  per 
cent  of.  all  reported  cases.  Approximately  fifty  per  cent  of  the  milk 
sold  in  20  of  these  cities  was  pasteurized  at  the  time  of  the  survey, 
about  forty  per  cent  by  the  "holding"  system  and  about  ten  per  cent 
by  the  so-called  ''flash"  methods.  Frost  concludes  that  the  number  of 
cases  of  typhoid  fever  which  actually  occurred  in  these  cities  during  the 
five  years  was  abou^  24,000,  and  that  milk  was  responsible  for  approxi- 
mately two  per  cent  of  the  total  cases.  Lumsden,  of  the  same  service, 
made  a  study  of  the  prevalence  and  causes  of  typhoid  fever  in  the 
District  of  Columbia  from  1906  to  1909  inclusive.  During  1906,  1907, 
and  1908^  Lumsden  concluded  that  about  ten  per  cent  of  all  the  cases 
originating  in  the  District  of  Columbia  Avere  due  to  milk  infection. 
Levy,  in  a  study  of  2,300  cases  in  Richmond,  Va.,  could  find  no  evidence 
of  an  epidemic  due  to  milk  contamination.  Freeman,  reporting  for 
the  state  of  Virginia  for  six  years  in  a  total  of  12,000  cases  of  typhoid 
fever,  could  find  only  100  attributable  to  milk  infection.  It  must  be 
evident  that  the  part  played  by  milk  infection  in  the  causation  of  typhoid 
fever  varies  greatly  in  different  places  and  at  different  times.  It  is 
relatively  easy  to  ascertain,  or  at  least  to  approximately  estimate  the 
infiiience  of  an  improved  water-supply  upon  typhoid  fever  death  rates, 
but  it  is  much  more  difficult  to  get  anything  like  an  exact  estimate  of 
the  typhoid  fever  due  to  milk  supplies.  The  change  in  water-supply 
comes  suddenly,  while  improvements  in  milk-supply  are  more  gradual. 
Occasionally  it  happens  that  a  city  demands  that  on  a  certain  date  all 
milk  sold  within  its  limits  shall  be  pasteurized.  This  occurred  in  Cin- 
cinnati on  the  first  of  July,  1914.  However,  we  are  without  data  con- 
cerning the  effect  of  this  radical  improvement  on  typhoid  fever  in  that 
city,  neither  do  we  know  how  effective  the  city  ordinance  became  on 
that  date.  A  similar  ordinance  went  into  effect  in  Detroit  in  May,  1916, 
since  which  time  there  has  been  no  milk-borne  epidemic  in  that  city; 
whereas  prior  to  that  time,  although  fifty  per  cent  of  the  milk  had  been 
pasteurized,  such  outbreaks  were  of  annual  occurrence.  There  is  still 
another  factor  which  remains  of  uncertain  value  in  trying  to  make  this 
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estimate.  This  concerns  the  efficiency  of  the  pasteurization  method  em- 
ployed. Simply  ordering  that  all  milk  be  pasteurized  does  not  secure 
the  efficient  employment  of  this  process. 

According  to  ah  announcement  of  the  U.  S.  Department  of  Agricul- 
ture in  January,  1922,  there  is  not  a  city  over  75,000  inhabitants  but 
that  has  pasteurization  for  a  portion  of  its  supply.  In  the  cities  over 
500,000  all  have  more  than  50  per  cent  of  the  milk  pasteurized.  In  the 
cities  from  100,000  to  500,000  at  least  90  per  cent  report  more  than 
50  per  cent  of  the  supply  pasteurized.  In  the  cities  from  75,000  to 
100,000  the  percentage  is  73.  It  is  the  smaller  communities  that  are 
behind  in  this  matter,  but  even  here  the  improvement  in  six  years' 
time  is  marked.  Thus  in  1915  in  communities  between  10,000  and  25,000 
only  6  per  cent  had  more  than  50  per  cent  of  their  supply  pasteurized. 
In  1921,  33  per  cent  of  cities  were  in  this  class. 

There  is  no  pasteurization  whatever  (1921)  in  14.7  per  cent  of  the 
cities  from  50,000  to  75,000;  11.3  per  cent  of  the  cities  from  25,000  to 
50,000  and  38.9  per  cent  of  the  cities  from  10,000  to  25,000. 

Contact  Typhoid. — When  the  Typhoid  Commission  began  its  investi- 
gation into  the  prevalence  of  typhoid  fever  in  August,  1898,  it  had  no 
thought  of  finding  the  disease  to  be  spread  by  any  other  means  than 
contaminated  water  or  milk.  Indeed,  it  was  well-nigh  the  universal 
belief  of  epidemiologists  at  that  time  that  this  is  essentially,  if  not  ex- 
clusively, a  water-borne  disease.  The  commission  proceeded  first  to 
Camp  Alger,  Va.,  where  the  Second  Army  Corps  had  begun  assembling 
early  in  May.  There  was  nothing  in  the  topography  of  the  camp  which 
indicated  that  the  location  had  been  unwisely  selected.  The  average 
elevation  of  the  regimental  camp  sites  above  the  Potomac  River  is  about 
300  feet.  The  general  surface  is  decidedly  undulating,  being  well  pro- 
vided with  open  spaces  for  regimental  or  brigade  encampment  and 
interspersed  with  native  forests.  The  location  is  traversed  by  a  few 
small  brooks  and  provided  with  a  number  of  shallow  springs.  The 
latter,  however,  were  not  used  except  by  small  organizations  and  for 
a  short  time,  during  which  there  was  little  or  no  typhoid  fever.  The 
layer  of  soil  is  quite  thin  and  is  underlaid  by  a  stratum  of  impervious 
clay  extending  down  towards  the  rock,  being  separated  from  the  latter 
by  a  layer  of  quicksand.  The  water-supply  furnished  the  soldiers  was 
obtained  by  driven  wells  carried  through  the  clay  into  the  sand.  Early 
in  the  formation  of  the  encampment  there  was  some  delay  in  securing  an 
abundance  of  safe  water.  One  or  more  of  these  driven  wells  supplied 
each  regiment.  The  water  from  the  wells  was  soft,  clear,  and  palatable. 
At  the  request  of  the  commission  samples  of  water  from  many  of  these 
wells  were  carried  to  the  Army  Laboratory  in  "Washington  and  care- 
fully examined,  both  chemically  and  bacteriologically.     These  analyses 
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failed  to  reveal  the  presence  of  great  numbers  of  JDaeteria  or  of  any 
pathogenic  or  toxicogenic  organism.  There  were  18  regiments  with  a 
mean  strength  of  19,807  at  Camp  Alger.  Among  these  there  were  2,226 
cases  of  typhoid  fever  with  212  deaths.  The  commission  during  its  six 
days  at  Camp  Alger  made  arrangements  for  the  sterilization  of  all 
water  and  proceeded  to  Jacksonville,  Fla.,  very  much  in  doubt  about 
the  typhoid  fever  at  Camp  Alger  being  water-borne.  It  may  be  stated 
here  that  the  Second  Army  Corps  was  moved  from  Camp  Alger  soon 
after  this  inspection  to  Camp  Meade,  Pa.  Typhoid  fever  accompanied 
the  corps  in  this  transfer,  and  although  the  mean  strength  was  reduced 
to  13,962,  the  number  of  cases  in  the  six  or  eight  weeks  at  Camp  Meade 
was  2,690,  with  150  deaths. 

At  Jacksonville,  Fla.,  where  the  Seventh  Army  Corps  was  located, 
the  water-supply  was  the  same  for  the  city  and  the  camp.  It  came 
from  four  artesian  wells  varying  in  depth  from  630  to  1,020  feet.  The 
water  contained  sulphureted  hydrogen,  which  was  entirely  dissipated 
by  aeration.  These  wells  were  located  between  the  city  and  the  camp. 
Pipes  carried  the  same  supply  in  one  direction  to  the  city  and  in  the 
other  direction  to  the  camp.  The  population  of  the  camp  and  that  of 
the  city  was  each  in  round  numbers  30,000.  Both  civilians  and  soldiers 
drank  water  from  the  same  source.  There  Avere  only  a  few  sporadic 
cases  of  typhoid  fever  in  the  city  at  a  time  Avhen  each  of  the  three 
division  hospitals  was  receiving  a  score  or  more  of  patients  with  this 
disease  each  day.  Evidently  the  typhoid  fever  in  the  Seventh  Army 
Corps  could  not  be  water-borne  unless  the  water  became  infected  after 
leaving  the  city  water  works. 

At  Chickamauga,  Ga.,  the  First  and  Third  Army  Corps  had  been  as- 
sembled in  May.  Undoubtedly  there  Avas  some  Avater-borne  typhoid  in 
this  camp.  The  intake  pipe  for  the  camp  supply  had  been  located  so 
near  the  junction  of  Chickamauga  Creek  Avith  the  Cave  Spring  Branch, 
which  drained  many  of  the  camps,  that  it  hardly  seems  possible  that  the 
piped  Avater  Avholly  escaped  contamination.  HowcA^er,  that  CA^en  at 
Chickamauga  infected  water  Avas  not  the  chief  factor  in  the  spread  of 
typhoid  fever,  is  shown  by  the  fact  that  regiments  AAdiich  did  not  drink 
piped  Avater  became  Avidely  infected  with  the  disease ;  and  it  is  further- 
more demonstrated  by  the  fact  that  the  spread  of  typhoid  fcA^er  con- 
tinued after  the  regiments  had  been  moved  to  KnoxAdlle,  Tenn.,  and 
Lexington,  Ky.,  at  both  of  which  places  the  water-supply  Avas  above 
suspicion.  In  addition  to  the  contamination  of  the  piped  water  at 
Chickamauga  there  is  evidence  that  some  of  the  wells  in  the  park,  and 
some  of  the  springs  both  AAdthin  and  outside  the  park,  became  specifically 
contaminated.  Long  before  the  commission  finished  its  round  of  camp 
inspection  the  evidence  that  polluted  AA^ater  had  been  a  relatively  un- 
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important  factor  in  the  dissemination  of  tlie  disease  Avas  overwhelming. 
In  the  camps  studied  by  the  commission  there  were  all  told  92  regiments 
consisting-  of  107,973  officers  and  men.  The  total  number  of  cases  of 
typhoid  fever  occurring  among  these  during  less  than  four  months 
was  estimated  by  the  commission  to  be  20,738.  This  is  equivalent 
to  19.26  per  cent.  While  the  commission  was  being  forced  to  conclude 
that  the  disease  was  not  disseminated  largely  by  water,  the  avenues 
through  which  it  was  disseminated  plainly  revealed  themselves.  Be- 
fore considering  the  newly  revealed  methods  of  dissemination,  it  may 
not  be  amiss  to  briefly  mention  some  of  the  theories  proposed  at  that 
time.  There  were  many  intelligent  medical  officers  who  believed  that 
some  intangible  local  condition,  inherent  in  the  place,  was  an  important 
factor  in  the  development  and  continuance  of  the  epidemics.  There  is 
apparent  in  man  a  tendency  to  believe  in  the  evil  genius  of  localities. 
He  is  prone  to  attribute  many  of  his  misfortunes  to  indefinable  con- 
ditions surrounding  the  place  in  which  he  has  suffered.  This  is  the  old 
miasmatic  theory  of  the  causation  and  spread  of  disease.  While  in- 
specting the  First  and  Third  Army  Corps,  members  of  the  commission 
were  told  that  the  word  ''Chickamauga"  means  ''river  of  death,"  and 
that  the  fever  prevalent  in  the  park  was  neither  tj^phoid  nor  malaria, 
but  "Chickamauga  fever."  Like  evidence  of  belief  in  the  evil  genius  of 
locality  was  manifest  in  other  camps. 

Some  Avere  decidedly  of  the  opinion  tliat  the  camp  epidemics  were  due 
to  the  fact  that  large  numbers  of  men  from  the  northern  states  had  been 
assembled  in  the  South  and  had  not  become  acclimatized.  However,  the 
Fifteenth  Minnesota  first  developed  typhoid  fever  at  the  Fair  Grounds 
at  St.  Paul.  There  was  certainly  no  evidence  that  any  evil  climatic  in- 
fluence was  connected  with  this  place.  The  regiment  carried  the  epi- 
demic with  it  to  Fort  Snelling,  which  had  long  had  the  reputation  of 
being  one  of  the  most  healthful  army  posts  in  the  United  States.  From 
Fort  Snelling  the  Fifteenth  Minnesota  was  transferred  to  the  open 
fields  of  Camp  Meade,  where  generations  of  Pennsylvania  farmers  had 
passed  the  average  number  of  years  allotted  to  man  A^dthout  suspecting 
that  their  country  was  an  unhealthy  one.  Typhoid  fever  continued  with 
the  command  from  Minnesota  because  the  men  carried  the  germs  of  the 
disease  in  their  bodies,  clothing,  bedding,  and  tentage.  Certainly  any 
rational  being  would  prefer  any  of  the  above  mentioned  localities  to  Port 
Tampa  as  a  place  of  summer  residence,  and  yet  there  was  not  a  regiment 
in  the  Fourth  Army  Corps  in  camp  for  so  long  a  time  in  Florida  that 
had  as  many  cases  of  typhoid  fever  as  did  the  Fifteenth  Minnesota  which 
had  never  crossed  the  Mason  and  Dixon  line. 

The  old  pythogenic  theory  of  Murchison  was  revived  and  to  a  super- 
ficial observer  had  much  in  its  favor.     Translated   into   the  terms   of 
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modern  medicine,  this  theory  is  that  the  colon  bacillus  may  undergo  a 
ripening  process  by  means  of  which  its  virulence  is  so  increased  and 
altered  that  it  may  be  converted  into  the  typhoid  bacillus,  or  at  least 
may  become  the  active  agent  in  the  causation  of  typhoid  fever.  Many 
French,  English,  and  American  Army  medical  officers  believed  that  ty- 
phoid fever  may  originate  in  this  way.  Eodet  and  Roux  of  the  French 
Army  stated  the  belief  that  outside  of  the  body  the  colon  bacillus 
acquires  a  "typhogenic"  property.  Davies,  assistant  professor  of 
hygiene  in  the  English  Army  Medical  School,  expressed  his  belief  in 
this  theory.  Many  American  medical  officers  gave  it  their  adherence 
in  1898.  The  best  statement  concerning  this  theory  about  that  time  was 
made  by  Davies,  and  from  it  we  make  the  following  quotation: 

"It  is  well  known  that  'camp  diarrhea'  is  of  the  commonest  occurrence  among 
troops  shortly  after  taking  the  field  in  a  tropical  or  subtropical  climate.  Change  of 
habits,  change  of  food,  improper  or  unsuitable  food,  bad  water,  heat,  and  exposure 
to  sun  and  chill — these  are  all  obvious  factors  in  its  causation;  there  is  nothing 
in  any  way  specific.  Let's  consider  the  sequel  as  regards  the  individual  and  as 
regards  his  surroundings.  The  individual  may  in  some  cases  remain  in  fairly  good 
health  and  vigor  in  spite  of  a  continuance  of  the  bowel  trouble;  other  individuals 
may  suffer  more  from  the  exposure,  fatigue,  and  weakening  effects  of  the  continued 
flux.  The  surroundings  may  possibly  be  and  remain  sanitary,  the  camp  clean,  the 
water  pure;  but  in  all  probability  the  reverse  will  be  the  case — at  any  rate,  in  some 
instances^ — the  water  bad,  the  soil  fouled,  very  likely  overcrowding  of  the  camp, 
with  consequent  difSeulty  if  not  impossibility,  of  proper  removal  or  disposal  of 
fecal  matter.  Under  certain  conditions  of  heat  and  moisture,  favorable  to  the  de- 
velopment and  multiplication  of  low  forms  of  veg*etable  and  animal  life,  which  is 
the  more  likely  or  reasonable  to  expect,  that  diarrhea  in  weakly  and  exhausted 
individuals  should  remain  diarrhea  and  nothing  more,  or  that  with  an  increase  of 
filth  and  decomposition,  polluting  soil,  air,  and  water,  a  development  of  filth  gen- 
erated pythogenie  poison  should  take  place,  capable  of  causing  in  such  weakly  per- 
sons a  fever  with  diarrhea,  a  poisoning  of  the  organism,  producing  pyrexia  and 
inflammation  of  certain  glands  in  the  alimentary  tract — in  fact  a  specific  fever?  Is 
this  supposition  of  the  evolution,  gradual  or  rapid  according  to  circumsfances,  of 
a  disease  poison,  dependent  on  increased  conditions  of  pollution  of  soil,  air,  or 
water,  either  separately  or  all  three  together — unreasonable  or  illogical?  Would  it 
not,  on  the  contrary,  be  more  unreasonable  to  suppose  that,  under  such  conditions, 
there  would  be  no  evolution  at  all?  These  conditions  of  camp  pollution  undoubtedly 
exist  and  tend  to  increase  in  many  instances.  Are  they  to  have  no  effect?  -Is 
diarrhea  to  continue  as  simple  diarrhea,  or  is  evolution  to  come  into  action  and 
produce  a  new  disease?  JSTew,  indeed,  only  because  the  causes  necessary  for  its 
production  are  just  now  brought  into  action — spontaneously  only  in  the  sense  that 
water  is  of  spontaneous  origin,  when  from  hydrogen  and  oxygen  the  electric  spark 
has  produced  water  where  no  water  was  before." 

If  opportunity  were  ever  given  for  the  colon  bacillus  to  develop  into 
the  typhoid  bacillus  and  cause  typhoid  fever,  such  opportunity  certainly 
existed  in  the  camps  inspected  by  the  Typhoid  Commission  in  1898. 
Camp  pollution  could  scarcely  have  reached  a  higher   degree   of  uni- 
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versal  prevalence  than  was  the  case  in  Chickamauga  Park.  Latrines 
were  frequently  overflowed  by  heavy  rains  and  their  contents  distributed 
on  the  adjoining  surface.  Fecal  matter  was  deposited  not  only  in  the 
latrines  but  behind  every  tree  and  bush.  One  could  not  walk  from  one 
regimental  organization  to  another  without  soiling  the  feet  with  fecal 
matter.  The  colon  bacillus  had  every  conceivable  opportunity  to  ripen 
into  something  more  malignant.  It  could  develop  in  wet  or  dry  places, 
under  the  earth  or  on  the  surface  of  the  earth,  in  the  shade  or  in  the 
sun.  The  whole  of  Chickamauga  Park  was  strewn  with  human  manure. 
The  following  extract  is  from  a  report  made  by  Captain  Bevans  of  the 
Fifth  Illinois  Volunteer  Infantry  as  to  the  condition  of  the  camps  occu- 
pied by  that  regiment.  This  regiment  was  assembled  at  Camp  Tanner, 
Springfield,  111.,  from  April  26  to  May  14,  1898.  The  water-supply  was 
from  the  city  mains  and  was  good.  The  regiment  occupied  cattle  sheds 
and  stables,  and  sheep  pens  and  neighboring  hillsides  were  used  as  priv- 
ies. Finally,  sinks  were  dug  but  these  soon  became  filthy  in  the  extreme. 
On  arrival  at  Chickamauga,  May  15,  1898,  this  regiment  was  encamped 
in  a  place  which  had  been  previously  occupied  by  troops.  There  were 
old  sinks,  partly  filled,  scattered  over  the  site.  Tents  were  pitched 
over  places  where  sinks  had  been.  Owing  to  the  character  of  the  soil  it 
was  difficult  to  dig  latrines.  It  was  still  more  difficult  to  obtain  efficient 
guards  for  the  latrines.  There  was  no  regular  systematic  inspection  from 
a  higher  source  than  the  regiment.  About  the  middle  of  June,  Bevans 
was  detailed  for  duty  at  the  First  Division  Hospital  of  the  First  Army 
Corps.  Here  the  sinks  were  always  neglected.  This  was  due  largely  to 
an  insufficient  number  of  orderlies  for  the  care  of  the  sick.  Much  time 
was  wasted  in  carrying  out  conflicting  and  confusing  orders.  An  at- 
tempt was  made  at  the  disinfection  of  bedpans  used  by  typhoid  patients, 
but  the  sinks  were  allowed  to  fill  and  overflow  without  attempt  at  polic- 
•  ing.  On  July  28,  this  regiment  was  moved  to  Newport  News.  Here  the 
camp  was  small  and  the  sanitary  condition  was  greatly  improved,  but 
typhoid  fever  continued.  From  Newport  News  this  regiment  was  sent 
to  Camp  Meade,  where  it  arrived  August  17.     The  surgeon  says: 

"After  the  lax  regulations  and  inspections  to  which  I  had  been  accustomed  in 
other  camps,  the  supervision  as  to  sanitary  matters  at  Cam'p  Meade  seemed  almost 
tyrannical.  There  was  constant,  thorough,  systematic  inspection  from  sources 
higher  than  the  regiment.  A  sufficient  number  of  guards  was  provided  to  watch 
every  sink,  and  each  soldier  was  compelled  to  cover  his  own  fecal  matter,  spades 
being  provided  for  the  purpose.  Specific  orders  were  issued  as  to  the  use  of  water 
and  filters  were  provided  for  all.  Cooperation  of  commanding  officers  in  sanitary 
matters  was  insisted  upon.  The  slightest  neglect  in  carrying  out  sanitary  regu- 
lations in  force  at  the  camp  was  followed  by  immediate  reprimand  of  the  officer  at 
fault.     The  condition    of  the  camp  was  excellent." 

The  above  is  a  statement  without  exaggeration  of  the  conditions  which 
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existed  in  tlie  majority  of  the  camps  from  the  initial  state  encamp- 
ment to  the  final  dissolution  of  the  organization. 

Notwithstanding  the  almost  universal  soil  pollution,  no  case  of  typhoid 
fever  originated  de  novo.  The  pythogenic  theory  proposed  by  Murchi- 
son  was  conclusively  controverted  by  the  Typhoid  Commission  of  1898. 
It  was  shown  that  the  specific  bacillus  of  typhoid  fever  was  introduced 
into  every  one  of  our  state  and  national  encampments.  The  commission 
ascertained  the  first  case  or  cases  in  every  organization,  regiment,  and 
company,  and  traced  the  spread  of  the  disease  from  comrade  to  com- 
rade, from  tent  to  tent,  and  in  some  instances  from  organization  to  or- 
ganization. There  could  be  no  doubt  from  the  evidence  accumulated 
that  the  greatest  factor  in  the  spread  of  typhoid  fever  in  our  camps  in 
1898  was  contact  or  comrade  infection.  It  was  found  that  in  a  general 
way  the  number  of  cases  of  typhoid  fever  in  the  different  camps  varied 
with  the  methods  of  disposing  of  fecal  matter.  This  was  well  illus- 
trated in  the  three  divisions  of  the  Seventh  Army  Corps.  The  First 
Division  was  most  uncomfortably  located  at  Miami,  Fla.,  from  the  last 
week  in  June  until  the  second  week  in  August.  On  the  last  mentioned 
date  it  was  removed  to  Jacksonville,  where  it  joined  the  other  divisions. 
During  a  part  of  its  stay  at  Miami  and  during  the  entire  period  of  its 
encampment  at  Jacksonville,  water  carriage  was  employed  for  the  dis- 
posal of  fecal  matter.  The  number  of  cases  of  typhoid  fever  that  devel- 
oped in  the  six  regiments  of  this  division  was  1,030.  In  the  Second 
Division  the  tub  system  of  disposing  of  fecal  matter  was  employed.  By 
this  method  infected  fecal  matter  was  scattered  all  through  the  camp. 
The  number  of  cases  of  typhoid  fever  that  developed  in  the  nine  regi- 
ments of  this  division  was  2,693.  In  the  Third  Division  regulation  pits 
were  used  for  the  disposal  of  fecal  matter.  The  number  of  cases  of 
typhoid  fever  in  the  seven  regiments  of  this  division  was  1,292.  The  tub 
system  of  disposing  of  fecal  matter  was  regarded  as  the  most  unsatisfac- 
tory and  was  condemned.  The  regulation  pit  system  was  found  to  be 
unsatisfactory  for  several  reasons.  In  the  first  place,  on  account  of 
geological  formation,  pit  latrines  may  be  difficult  of  construction  and 
unsatisfactory  in  operation.  At  Chickamauga  the  rocks  are  near  the 
surface  and  are  covered  by  a  clay.  The  latter  when  thrown  out  in  dig- 
ging hardens  in  the  sun,  and  when  thrown  back  into  the  pit  on  the 
fecal  matter  has  but  little  absorptive  power.  At  Tampa  it  was  impos- 
sible to  use  pit  latrines  on  account  of  the  height  of  the  ground-water. 
The  commission  recommended  that  wherever  water  carriage  could  not  be 
secured  all  fecal  matter  should  be  disinfected,  carted  away  from  the 
camp  and  buried. 

Had  an  attempt  been  made  to  disseminate  typhoid  fever  it  would  have 
been  difficult  to  have  devised  more  efficient  methods  than  some  of  those 
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employed  in  our  camps  in  1898.  At  Chickamauga  for  a  while  it  was 
customary  to  detail  from  one  or  more  commands  100  or  more  men  from 
the  line  every  morning.  These  men  went  to  the  hospital,  handled  bed- 
pans used  by  persons  sick  with  typhoid  fever,  and  at  night  returned  to 
their  comrades.  Most  of  these  men  were  wholly  ignorant  of  the  nature 
of  infection  and  the  methods  of  disinfection  and  no  adequate  instruction 
was  given  them.  At  one  of  the  division  hospitals  the  members  of  the 
commission  saw  orderlies  of  this  kind  come  from  the  hospital  and  par- 
take of  their  midday  meal  without  even  washing  their  hands.  These 
men  handled  not  only  the  food  which  they  ate,  but  passed  articles  to 
their  neighbors.  This  is  an  illustration  on  a  large  scale  of  infection  from 
the  hand  by  way  of  the  food  to  the  mouth.  This,  so  far  as  we  know,  is 
the  first  time  that  attention  was  called  to  the  necessity  of  the  steriliza- 
tion of  the  hands  of  those  who  handled  food.  These  orderlies,  however, 
undoubtedly  disseminated  typhoid  not  only  in  handling  food,  but  by 
transferring  specific  bacilli  from  their  hands  to  the  clothing  worn  by 
themselves  and  that  of  their  comrades,  to  the  blankets  used  by  them- 
selves and  comrades,  and  to  the  tentage  sheltering  the  group.  The  com- 
mission found  that  certain  tents  were  badly  infected,  the  majority  of 
their  inmates  developing  the  disease,  while  other  tents  wholly  escaped. 
Blankets  and  tentage  became  soiled  with  typhoid  discharges  and  in  this 
way  the  disease  was  propagated  and  carried  by  the  company  wherever 
it  went.  The  commission  estimated  that  of  all  cases  of  typhoid  fever 
62.80  per  cent  were  due  to  comrade  or  contact  infection.  Studying  the 
spread  of  the  disease  by  tents,  most  striking  results  were  obtained.  It 
often  happened  that  the  majority  of  those  in  one  tent  would  acquire  the 
disease  before  it  was  recognized  in  any  other  tent  in  the  company.  From 
the  first  tent  the  disease  would  spread  to  the  men  not  necessarily  in  the 
next  tent,  but  to  those  who  came  most  intimately  into  contact  with  the 
occupants  of  the  infected  tent. 

The  investigations  of  the  Typhoid  Commission  demonstrated  that 
typhoid  fever  is  not  only  an  infectious,  but  also  a  contagious  disease  ;  that  it 
may  be  transferred  from  one  person  to  another  by  contact,  and  that  the 
clothing  and  bedding  of  typhoid  patients  should  be  disinfected  with 
as  much  care  as  is  given  to  these  matters  in  case  of  diphtheria  or  scarlet 
fever.  It  was  not  until  the  clothing,  equipment,  blankets,  and  tentage 
of  our  soldiers  were  disinfected  in  1898  that  typhoid  fever  was  arrested. 

As  has  been  seen,  the  surface  of  Chickamauga  Park,  especially  where 
strips  of  wood  existed,  was  frequently  dotted  with  fecal  deposits.  At 
the  time  of  the  inspection  of  the  Third  U.  S.  Volunteer  Cavalry  it  was 
impossible  to  walk  through  the  woods  near  the  camp  without  soiling 
one's  feet  with  fecal  matter.  Much  of  this  Avas  probablj^  specifically 
infected,  and  there  can  be  no  doubt  that  this  infection  was  carried  by 
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the  men  into  tlieir  tents  where  more  or  less  of  the  infected  matter  was 
transferred,  to  blankets  and  tentage.  Contact  typhoid  fever  may  be 
either  direct  or  indirect.  The  commission  estimated  that  35.01  per  cent 
of  the  contact  cases  were  due  to  direct  contact,  while  27.79  per  cent  were 
due  to  indirect  contact,  making  of  contact  cases  62.80  per  cent,  as  has 
been  stated,  of  all  cases.  It  may  be  said  parenthetically  that  notwith- 
standing the  fact  that  these  findings  were  published  by  the  government 
and  distributed  to  libraries,  and  especially  to  military  officials,  in  all 
parts  of  the  civilized  world,  some  years  later  certain  German  officials 
discovered  that  this  disease  may  be  due  to  contact  infection;  and  in 
announcing  their  results  they  made  no  mention  of  the  work  which  had 
been  done  in  the  American  Army.  It  may  be  of  interest  to  add  that,  so 
far  as  we  have  information,  typhoid  fever  was  more  prevalent  in  the 
German  Army  during  the  World  War  than  in  either  the  Italian,  French, 
English,  or  American  Armies. 

Fly-Borne  Typhoid. — Undoubtedly  individuals  had  before  that  time 
suggested  that  the  house-fly  might  be  an  agent  in  the  dissemination  of 
typhoid  fever,  but  it  remained  for  the  Typhoid  Commission  of  1898  to 
bring  this  matter  prominently  before  the  people.  They  reported  that 
in  the  first  place  they  found  that  the  disease  was  less  frequent  among 
those  who  ate  in  screened  mess  rooms  than  among  those  who  took  their 
food  in  unprotected  quarters.  Mies  swarmed  over  infected  fecal  matter 
in  the  latrines  and  then  visited  and  fed  upon  the  food  prepared  for  the 
soldiers  in  the  mess  tents.  Lime  was  sprinkled  over  the  contents  of  the 
latrines  and  within  a  few  minutes,  flies,  with  their  feet  whitened  with 
lime,  were  seen  walking  over  the  food.  It  is  possible  for  the  fly  to  carry 
the  typhoid  bacillus  in  two  ways.  In  the  first  place,  fecal  matter  con- 
taining the  typhoid  bacillus  may  adhere  to  the  fly  and  be  mechanically 
transported.  In  the  second  place,  it  is  possible  that  the  bacillus  may  be 
carried  in  the  digestive  organs  of  the  fly  and  deposited  with  its  excre- 
ment on  the  food.  Later,  Hamilton,  of  Chicago,  in  a  small  epidemic 
confined  to  one  ward  of  that  city,  caught  flies  in  the  vicinity  of  infected 
houses  and  demonstrated  the  presence  of  typhoid  bacilli  on  or  in  these 
pests  by  cultural  and  agglutination  tests.  Thus  the  house-fly  was  in- 
criminated and  dubbed  the  ''typhoid  fly."  Crusades  against  this  pest 
have  been  waged,  with  more  or  less  success,  depending  upon  the  intel- 
ligence and  energy  of  the  community.  Now  when  intelligent  people 
find  flies  in  the  dining-rooms  of  hotels,  restaurants,  and  other  places  of 
refreshment,  they  turn  away  and  seek  more  hygienic  quarters  in  which 
to  satisfy  the  demands  of  the  body.  The  house-fly  or  the  typhoid-fly, 
whichever  we  choose  to  call  the  beast,  is  an  unmitigated  pest  and  plays 
a  part  in  the  distribution  not  only  of  typhoid  fever,  but  of  other  dis- 
eases; especially  tuberculosis  and  dysenter}^ 
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The  Incubation  Period. — It  is  a  matter  of  great  epidemiologic  impor- 
tance to  know  as  nearly  as  possible  the  period  of  incubation  in  this  dis- 
ease. In  attempting  to  investigate  this  subject  it  is  necessary  to  decide 
upon  what  point  shall  be  taken  as  the  basis  of  this  determination.  The 
Typhoid  Commission  of  1898  attempted  in  several  ways  to  solve  this 
problem.  In  the  first  instance,  40  nurses  were  sent  from  Chicago  to  the 
typhoid  hospitals  at  Chickamauga  and  began  attendance  upon  typhoid 
cases.  The  officers  kept  watch  over  these  nurses  and  marked  the  day 
the  first  one  showed  symptoms  of  the  disease.  This  proved  to  be  ten 
days  after  arrival.  The  conclusion,  therefore,  was  that  from  the  time 
of  the  entrance  of  the  bacillus  into  the  body  and  the  appearance  of  the 
first  symptom  of  the  disease  is  something  less  than  ten  days.  It  will  be 
seen  readily  that  there  is  a  possible  fallacy  in  reaching  this  conclusion. 
The  commission  had  to  assume  that  all  the  nurses  reached  the  hospital 
uninfected  and  that  the  infection  was  acquired  in  the  hospital,  or  at 
least  after  arrival  at  the  hospital.  Some  of  the  regiments  at  Chicka- 
mauga arrived  at  the  camp  and  the  disease  was  widely  disseminated 
among  them  when  recruits  were  received.  Note  was  made  of  the  time 
when  the  first  recruit  placed  in  a  typhoid  area  acquired  this  disease. 
This  also  proved  to  be  about  ten  days.  These  findings  have  been  con- 
firmed by  subsequent  and  more  exact  observations.  About  50  accidental 
infections  with  the  typhoid  bacillus  in  which  the  exact  time  of  the  en- 
trance of  the  bacillus  into  the  body  could  be  determined,  have  occurred. 
In  one  instance,  an  enthusiastic  investigator  decided  to  attempt  to  pro- 
duce immunity  by  sterilizing  and  feeding  typhoid  cultures  to  some  20 
volunteers.  Within  from  six  to  ten  days  after  a  certain  batch  of  cul- 
tures had  been  administered  most  of  these  men  came  down  with  typhoid 
fever.  It  was  found  from  an  examination  of  portions  of  the  unused 
cultures  that  sterilization  had  not  been  complete.  Other  less  striking 
and  isolated  instances  of  laboratory  infection  have  occurred.  In  one 
instance  an  individual  drank  a  culture  of  the  typhoid  bacillus  with  sui- 
cidal intent.  The  first  symptoms  appeared  in  eight  days.  It  is  worthy 
of  note,  and  it  may  be  added  most  fortunate  to  be  able  to  note,  that  so 
far  as  we  have  information  none  of  these  cases  has  teri^inated  fatally. 
However,  they  proved  of  the  greatest  value  to  science.  There  are  but 
few  diseases  in  which  there  has  been  opportunity  to  determine  with  so 
much  accuracy  the  incubation  period  of  acute  infections  in  man.  Now 
we  know  when  the  first  case  in  an  epidemic  of  typhoid  fever  occurs  that 
the  infection  quite  certainly  happened  from  six  to  ten  days  before  the 
first  symptoms  of  the  disease  developed.  A  milk  supply  may  scatter 
typhoid  fever  widely  and  still  an  examination  of  the  milk  supplied  when 
the  first  case  appears  may  on  examination  be  entirely  free  from  the 
bacillus.     The  same   is  true,   of  course,   of  water,   food,    or  any  other 


306  EPIDEMIOLOGY 

agent  by  means  of  which  the  typhoid  bacillus  may  find  its  way  into  the 
human  body.  These  facts  should  always  be  held  in  mind  when  an  at- 
tempt is  made  to  trace  an  epidemic  of  this  disease.  As  has  been  stated, 
four  samples  of  water  were  examined  at  the  height  of  the  typhoid  out- 
break in  Duluth,  and  only  that  taken  from  a  tap  which  had  not  been 
turned  for  several  days  contained  a  suspicious  organism. 

It  is  a  matter  long  ago  observed  and  frequently  recorded,  that  in 
armies  an  unusual  number  of  soldiers  show  the  initial  symptoms  of  this 
disease  after  some  not  common  exertion,  such  as  a  fatiguing  march, 
participation  in  a  battle,  or  some  other  exciting  or  exhausting  exer- 
cise. For  instance,  in  the  Spanish-American  War  some  of  the  regi- 
mental surgeons  reported  50  or  60  new  cases  of  typhoid  fever  the  day 
after  transfer  from  one  camp  to  another.  In  some,  this  transfer  cov- 
ered only  a  few  miles  and  was  accomplished  by  a  forced  march.  In 
others,  it  covered  several  hundred  miles  and  consisted  of  a  railroad 
journey.  These  reports  are  in  part  due  to  faulty  records.  Occupied 
with  other  matters  concerned  with  the  transfer,  the  medical  officer  does 
not  return  to  his  papers  until  he  is  located  in  his  new  home.  Making  due 
allowance  for  this  and  similar  explanations  which  might  be  advanced, 
it  seems  highly  probable  that  the  development  of  the  symptoms  of 
such  a  disease  as  tjq^hoid  fever  may  be  hastened  by  muscular  exertion, 
which  tends  to  force  the  bacilli  from  their  resting  places  in  certain  tis- 
sues into  the  blood-stream.  It  is  the  destruction  of  the  bacteria  in  the 
circulating  blood  in  large  numbers  Avhich  constitutes  the  principal  fac- 
tor in  causing  elevation  of  temperature.  On  the  other  hand,  there  are 
cases  in  which  the  period  of  incubation,  that  is,  the  time  from  the  en- 
trance of  the  bacillus  into  the  bod}^  until  the  development  of  the  first 
symptoms  of  the  disease,  may  be  longer  than  ten  days.  This  has  been 
shown  by  a  careful  analysis  of  cases  of  laboratory  infection.  Sawyer,  of 
California,  has  reported  a  local  epidemic  in  which  93  people  ate  spaghetti 
which  had  been  prepared  by  a  typhoid  carrier.  Over  half  of  these  peo- 
ple showed  symptoms  of  the  disease  before  the  eighth  day.  The  earli- 
est case  developed  on  the  third  day.  Quite  naturally,  we  Avould  expect 
considerable  variation  in  the  period  of  incubation  in  different  individ- 
uals. During  the  incubation  period  the  invading  organism  feeds  upOn 
the  relatively  simple  proteins  and  possibly  upon  the  amino  acids  of  the 
body,  and  as  a  result  of  this  feeding  it  multiplies.  During  the  period  of 
incubation  in  any  acute  infectious  disease  the  invading  organism  sup- 
plies the  ferments,  the  body  of  the  host  furnishes  the  substrate  or  food, 
body  proteins  and  related  substances  are  converted  into  bacterial  pro- 
teins, the  processes  are  synthetical  and  constructive,  there  is  no  poison 
set  free,  and  no  symptoms,  recognizable  at  least,  are  developed.  The 
period  of  incubation  continues  until  the  body  cells  become  sensitized  or 
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activated  and  pour  out  specific  ferments  wliicli  digest  and  destroy  the 
invading  organisms.  In  the  active  stage  of  an  infectious  disease  the 
body  cells  furnish  the  ferments,  the  invading  organism  constitutes  the 
substrate,  the  processes  are  destructive  and  analytical,  complex  pro- 
teins are  broken  into  smaller  bodies,  poisons  are  set  free,  and  the  symp- 
toms and  lesions  of  the  disease  develop.  With  this  understanding  of 
the  relation  between  the  period  of  incubation  and  that  of  the  active  dis- 
ease, it  is  only  reasonable  to  suppose  that  there  will  be  more  or  less 
marked  variation  in  time  before  the  body  cells  become  sensitized  and 
begin  their  destructive  action  on  the  invading  organisms. 

The  Path  of  the  Bacillus  in  the  Body. — Practically  in  all  instances, 
the  typhoid  bacillus  enters  the  body  through  the  mouth.  In  exceptional 
instances,  theoretically  at  least,  it  is  possible  for  it  to  be  inhaled  through 
the  nose.  However,  in  either  case  the  bacillus  is  swallowed.  The  small 
amount  of  hydrochloric  acid  in  the  gastric  juice  has  but  little,  if  any, 
effect  upon  the  growth  of  this  organism.  We  have  said  that  in  all 
instances  the  bacillus  is  swallowed.  This  statement  possibly  should  be 
modified  to  the  extent  of  granting  that  it  is  possible  that  it  may  find  its 
way  into  the  blood  through  the  tonsils.  All  the  evidence  we  have  sug- 
gests that  there  is  at  no  time  a  marked  multiplication  of  the  bacillus 
anywhere  in  the  alimentary  canal.  Even  in  the  later  stages  of  the  dis- 
ease when  the  feces  may  contain  the  bacillus  in  great  numbers,  it  has 
been  shown  that  the  lower  part  of  the  intestine  contains  the  bacillus  in 
much  smaller  number  than  the  upper  portions.  Cultures  taken  at  dif- 
ferent levels  and  in  different  parts  of  both  the  small  and  large  intes- 
tine show  that,  while  the  duodenum  may  yield  practically  pure  cultures, 
the  numbers  decrease  and  are  overcrowded  by  other  bacteria  in  the 
lower  end  of  the  small  intestine  and  in  the  colon.  So  long  as  the  typhoid 
bacillus  remains  wholly  in  the  alimentary  tract  there  is  no  development 
of  the  disease  possible;  in  fact,  as  has  been  indicated,  this  specific  ba- 
cillus is  antagonized  by  the  colon  bacillus  and  by  other  inhabitants  of 
the  lower  part  of  the  small  intestine  and  of  the  large  intestine.  It 
follows  from  what  has  been  said  that  every  one  who  swallows  the  typhoid 
bacillus  does  not  necessarily  develop  the  disease ;  in  fact,  there  is  really 
no  infection  until  the  bacillus  passes  through  the  walls  of  the  alimen- 
tary canal  and  finds  its  way  into  the  blood.  As  we  shall  see  later,  there 
are  healthy  carriers  of  this  organism,  some  of  whom  have  at  some  pre- 
vious time  suffered  from  the  disease,  Avhile  others  have  never  developed 
symptoms. 

From  the  fact  that  certain  characteristic  lesions,  especially  in  Peyer's 
patches,  are  almost  universally  found  in  the  intestines  after  death  from 
typhoid  fever,  it  was  at  one  time  assumed  that  these  lesions  mark  the 
places  where  the  typhoid  bacilli  penetrate  the  intestinal  walls  on  their 
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way  to  the  blood  and  to  the  lymph  glands.  Recent  investigations  have 
made  it  quite  certain  that  this  assumption  is  without  warrant.  The 
lesions  found  in  the  small  intestine  after  death  from  typhoid  fever  are 
not  due  to  the  activities  of  the  bacillus  in  finding  its  way  through  the 
walls,  but  are  due  to  excretory  poisons  and  may  be  induced,  even  in  the 
lower  animals,  by  the  introduction  of  large  numbers  of  dead  bacilli  into 
the  circulation.  Wherever  they  penetrate  the  walls  of  the  alimentary 
canal  on  their  way  to  the  blood  and  lymph  glands,  whether  it  be  through 
the  tonsils  or  through  the  upper  part  of  the  small  intestine,  they  leave 
no  recognizable  lesion.  Having  reached  the  blood  the  typhoid  bacilli 
are  in  large  part  carried  to  the  liver  and  discharged  into  the  gall  blad- 
der. It  may  be  remarked  that  this  is  the  fate  of  many  foreign  proteins, 
be  they  living  or  dead,  when  introduced  into  the  blood-current.  Most 
unfortunately,  human  bile  not  only  fails  to  destroy  typhoid  bacilli,  but 
furnishes  an  optimum  medium  for  their  growth.  Why  the  bile  of  man 
should  favor  the  growth  of  the  typhoid  bacillus  while  it  has  a  destruc- 
tive action  upon  certain  other  pathogenic  microorganisms,  such  as  the 
pneumoeoccus  and  the  tubercle  bacillus,  is  an  luisolved  problem.  It 
seems  probable  that  if  the  bile  had  a  marked  bactericidal  action  upon 
the  typhoid  bacillus  instead  of  furnishing  a  suitable  medium  for  its  mul- 
tiplication, infection  Avith  this  organism  would  be  rare,  and  possibly  man 
would  be  immune  or  possess  a  high  degree  of  resistance  to  this  disease. 
However,  as  it  is,  the  bile  of  man  furnishes  an  admirable  culture  medium 
for  all  the  bacilli  of  the  colon-typhoid  group.  It  should  be  understood 
that  the  bacilli  do  not  reach  the  gall  bladder  by  ascension  through  the 
duct,  but  by  descent  from  the  circulating  blood.  This  is  true  not  only  in 
man,  but  in  some  of  the  lower  animals.  It  has  been  found  experimen- 
tally that  typhoid  bacilli  injected  into  the  vein  of  a  rabbit  appear  in  the 
gall  bladder  as  early  as  half  an  hour  after  injection  into  the  vein.  Mul- 
tiplying in  the  bile,  the  gall  bladder  acting  as  an  incubator,  the  bacilli 
are  poured  into  the  intestines  where,  some  of  them  again  find  their  way 
through  the  w^alls  into  the  blood.  Thus  a  vicious  circle  is  established 
and  the  gall  bladder  may  continue  to  grow  this  organism  and  to  pour 
it  into  the  intestine  long  after  the  patient  has  recovered  from  the  dis- 
ease. In  this  way  the  typhoid  carrier,  to  whom  we  shall  refer  in  more 
detail  later,  comes  into  being  and  may  contribute  to  the  spread  of  the 
disease  for  months  and  even  years. 

Probably  all  pathogenic  microorganisms  have  their  predilection  tis- 
sues in  the  body  in  which  they  tend  to  accumulate  to  cause  histologic 
lesions  and  to  reproduce  themselves.  So  far  as  the  typhoid  bacillus  is 
concerned  such  predilection  places  appear  to  be  the  bile,  to  which  ref- 
erence, has  already  been  made,  the  lymph  nodes,  the  bone-  marrow,  the 
spleen,  and  the  kidneys.     They  are  also  found  in  the  rose  spots,  which 
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appear  most  abundantly  over  the  abdomen  and  show  during  the  second 
week  of  the  disease.  In  the  organs  above  mentioned,  typhoid  bacilli 
multiply  and  from  time  to  time  pass  out  and  reach  the  general  circula- 
tion. In  these  resting  places  they  react  with  the  normal  tissue  and  cause 
cell  proliferation.  This  occurs  most  markedly  in  the  endothelial  cells, 
and  is  in  evidence  in  various  tissues  which  furnish  lodgment  for  the 
invading  organism.  The  stimulus  which  leads  to  this  cell  proliferation 
is  undoubtedly  the  poison  formed  by  the  death  and  disintegration  of 
individuals  of  the  invading  hosts.  Whether  poisons  formed  by  the 
typhoid  bacillus  are  specific  or  consist  of  the  protein  poison  formed  by 
the  disintegration  of  all  proteins,  is  still  a  matter  for  discussion.  Long- 
cope  has  made  a  careful  and  valuable  study  of  the  changes  in  the  bone 
marrow  in  typhoid  fever.  He  has  found  that  these  changes  consist  es- 
sentially in  hyperplasia  of  the  lymphoid  cells  and  endothelial  phago- 
cytes. These  changes  may  extend  and  progress  until  necrosis  of  the 
tissue  results.  In  this  way  the  many  complications  that  may  occur  in 
typhoid  fever  result.  From  time  to  time  bacilli  in  smaller  or  larger 
numbers  pass  from  one  lymph  node  to  another,  from  one  organ  to  an- 
other, causing  metastatic  extensions  of  the  disease.  Experiments  upon 
the  lower  animals  have  shown  that  typhoid  bacilli  may  leave  the  circii- 
lating  blood  into  which  they  had  been  injected  and  apparently  find,  at 
least  temporary,  safety  in  the  lymph  nodes,  in  the  spleen,  in  the  bone 
marrow,  and  possibly  in  other  tissues  as  well.  In  these  localities  the 
bacillus  not  only  escapes  the  greater  danger  of  destruction  to  which  it 
is  subjected  in  the  blood-current,  but  it  finds  itself  so  secure  that  it  rap- 
idly multiplies. 

It  is  customary  to  attribute  the  lesions  produced  and  found  in  typhoid 
fever  to  the  specific  toxin  caused  by  this  bacillus.  The  truth  is  that 
there  is  no  sufficient  evidence  that  the  typhoid  bacillus  produces  specific 
toxins.  The  word  "toxin"  now  has  a  definite  meaning.  It  is  a  sub- 
stance which,  when  introduced  into  the  animal  body  in  repeated  and 
increasing  doses,  stimulates  the  body  cells  to  elaborate  an  antitoxin. 
Such  are  the  toxins  produced  by  the  diphtheria  and  the  tetanus  bacillus ; 
such  are  the  toxins  found  in  the  venoms  of  serpents;  such  are  the  toxins 
found  in  certain  vegetable  proteins,  as  the  castor  bean  and  the  jequirity. 
There  is  no  evidence  that  the  typhoid  bacillus  produces  a  substance 
which  can  be  placed  in  the  same  group  as  the  toxins  just  mentioned. 
As  has  been  indicated,  the  typhoid  bacillus  finds  its  way  through  the 
walls  of  the  intestine  without  leaving  any  recognizable  lesion.  Instead 
of  undergoing  destruction  or  suffering  diminution  in  numbers  in  the 
gall  bladder,  as  many  pathogenic  organisms  do,  it  finds  in  the  bile  a 
suitable  medium  for  its  growth  and  multiplication.  Increased  in  num- 
bers in  the  bile,  it  is  again  poured  into  the  intestine,  it  again  pierces  the 
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intestinal  walls,  and  it  is  carried  by  the  blood,  and  possibly  by  the  lymph, 
to  the  lymph  nodes,  such  as  the  mesenteric  glands,  to  the  spleen,  to  the 
bone  marrow  and  other  tissues,  in  which  it  finds  not  only  a  safe 
resting  place,  but  incubators  in  which  it  multiplies.  The  lesions  of 
typhoid  fever  are  not  the  results  of  specific  toxins,  because  there  is 
no  evidence  that  this  bacillus  produces  such  bodies,  but  result  from 
the  action  on  the  body  cells  of  the  protein  poison  set  free  in  the 
destruction  of  the  invading  organism  by  ferments  elaborated  by  the 
sensitized  body  cells.  The  old  view  that  the  symptoms  and  lesions 
of  typhoid  fever  result  directly  from  the  activity  of  the  living  bacillus 
is  not  justified  by  the  most  recent  scientific  work.  During  the  period 
of  incubation  in  this  disease  the  bacillus  is  multiplied  in  the  bile,  in 
the  lymph  nodes,  in  the  spleen,  in  the  bone  marrow,  and  possibly  else- 
where in  the  body,  and  still  at  this  time  there  are  no  symptoms  and 
no  lesions.  There  is  no  fever,  for  instance,  until  the- body  cells,  having 
been  sensitized,  pour  out  ferments  which  split  up  the  typhoid  protein 
and  liberate  the  protein  poison.  It  is  still  a  matter  for  future  investi- 
gation to  determine  whether  the  protein  poison  resulting  from  the  cleav- 
age of  the  typhoid  bacillus  is  any  different  in  its  chemical  composition 
or  in  its  toxicogenic  action  from  that  obtained  from  other  microorgan- 
isms. There  are  differences  probably  in  chemical  structure  and  corre- 
sponding differences  in  action  between  the  protein  poisons  furnished  by 
the  cleavage  of  different  proteins,  whether  tliey  are  bacterial  or  non- 
bacterial. Fevers  with  many  of  the  characteristics  of  typhoid  fever 
have  been  induced  in  the  lower  animals  by  repeated  injections  .of  such 
proteins  as  egg  white,  the  casein  of  milk,  the  edestin  from  hemp-seed, 
etc. 

It  is  essential  to  a  thorough  understanding  of  the  epidemiology  of 
this  disease  to  make  some  statements  concerning  its  complications  and 
its  sequelae.  There  are  but  few,  if  any,  diseases  more  liable  to  com^ 
plications  and  to  relapses  than  typhoid  fever.  Whipj)le  states  that 
complications  are  responsible  for  two-thirds  of  the  deaths  that  occur 
in  this  disease.  In  the  first  place,  relapses  are  frequent.  The  fever  has 
disappeared,  the  patient  is  apparently  on  the  high  road  to  complete 
recovery,  when  suddenly,  after  a  fcAV  days  or  even  after  a  longer  time, 
typhoid  fever  begins  all  over  again.  This  is  due  probably  to  the  fact 
that  the  bacilli  Avhich  have  passed  from  the  general  circulation  into  the 
predilection  organs  already  referred  to,  are  again  poured  into  the 
blood.  In  the  gall  bladder  they  not  only  find  the  bile  a  suitable  medium 
in  which  they  can  multiply,  but  they  attack  the  walls  of  the  gall  bladder, 
setting  up  a  cholec^^stitis,  wliich  may  persist  for  years  and  possibly 
furnish  the  base  for  the  formation  of  gall  stones.  Intestinal  hemor- 
rhage occurs  in  a  considerable  percentage  of  cases  and  is  sometimes  suf- 
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ficiently  great  to  cause  death.  Intestinal  perforations  may  occur  and  ne- 
cessitate immediate  surgical  interference  or  terminate  fatally.  The  typhoid 
bacilli  accumulate  in  the  lungs  and  either  directly  induce  pneumonia  or 
prepare  the  ground  for  the  invasion  of  pneumococci  or  other  pneumonia 
producing  organisms.  Typhoid-pneumonia  is  not  an  infrequent  occur- 
rence in  terminal  typhoid  fever.  Necrotic  changes  may  occur  in  the 
kidney,  liver,  larynx,  and  other  parts  of  the  body.  Collections  of  ty- 
phoid bacilli  may  lead  to  abscesses  which  discharge  virulent  organisms, 
sometimes  for  years  after  the  individual  has  recovered  from  the  disease. 
The  chronically  infected  gall  bladder  or  a  typhoid  abscess  makes  in- 
dividuals thus  afflicted  sources  of  continued  danger  to  others.  It  is, 
therefore,  essential  that  the  epidemiologist  in  investigating  outbreaks 
of  typhoid  fever  have  all  these  things  in  mind. 

Whether  any  lower  animals  naturally  have  typhoid  fever  or  closely 
related  diseases  is  a  matter  about  which  we  have  no  exact  information. 
As  long  ago  as  1883,  Sutton  reported  a  disease  closely  resembling,  in 
fact  he  regarded  it  as  identical  Avith,  tj'phoid  fever,  in  some  monkeys. 
In  one  of  these,  autopsy  showed  ulcerations  quite  typical  of  typhoid 
fever  in  man,  accompanied  by  perforation.  Indeed,  as  early  as  1823, 
Magendie  induced  intestinal  lesions  similar  to  those  of  typhoid  fever 
by  the  intravenous  injection  of  putrid  substance.  Of  course,  now,  no 
one  would  claim  that  this  condition  is  comparable  with  typhoid  fever. 
It  does  emphasize,  however,  a  matter  of  importance ;  and  that  is,  that 
the  intestinal  lesions  in  typhoid  fever  result  from  the  excretion  of 
poisonous  substance  and  are'  not  due  to  the  action  of  the  living  bacilli 
in  attempting  to  penetrate  the  intestinal  walls.  Hundreds  of  experi- 
ments have  been  made  upon  laboratory  animals  in  attempts  to  induce 
typhoid  fever.  On  the  whole,  it  can  be  said  that  no  one  has  been  suc- 
cessful. Partial  success  has  resulted,  especially  when  mixed  cultures 
have  been  used  or  when  some  other  organism  in  sterilized  culture  has 
been  simultaneously  introduced  into  the  animal.  Sanarelli  injected 
sterilized  cultures  of  the  colon  bacillus  intraperitoneally  and  simulta- 
neously injected  the  typhoid  bacillus  subcutaneously.  In  this  way  he 
produced  intestinal  lesions  resembling  those  of  typhoid  fever. 

As  long  ago  as  1888,  Vaughan  injected  into  the  abdominal  cavities  of 
three  dogs  a  typhoid-like  bacillus  obtained  from  a  drinking  water  which 
had  caused  a  severe  epidemic.  These  animals  were  kept  with  a  con- 
trol. The  three  inoculated  animals  showed  a  fever  quite  characteristic 
of  typhoid,  which  ran  at  its  height  from  105°  to  106.8°,  Two  of  these 
animals  died  and  both  showed  lesions  similar  to  those  found  in  man 
after  death  from  typhoid  fever.  The  culture  used  in  this  experiment 
was  not  that  of  a  typical  Eberthian  bacillus,  and  for  this  reason  at 
that  time  even  the  author  did  not  claim  that  he  had  induced  typhoid 
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fever  in  these  animals.  It  may  be  said  that  the  control  kept  along  with 
the  infected  ones  showed  no  abnormality. 

In  1911,  Metchnikoff  and  Besredka,  repeating  experiments  which 
had  already  been  made  by  Grunbaum,  failed  to  induce  any  fever  in 
chimpanzees  by  feeding  them  with  pure  cultures  of  the  typhoid  bacillus, 
but  on  feeding  these  animals  with  typhoid  stools  they  did  succeed  in 
inducing  symptoms  and  lesions  so  characteristic  of  typhoid  fever  that 
their  work  is  today  accepted  as  proof  that  typhoid  fever  may  be  induced 
in  chimpanzees.  Moreover,  they  obtained  cultures  from  the  animals 
in  which  the  disease  had  been  induced  by  feeding  with  typhoid  stools, 
and  these  pure  cultures  caused  the  disease  in  other  chimpanzees. 

While  the  production  of  unquestionable  typhoid  fever  in  laboratory 
animals  has  not  been,  an  unqualified  success,  it  has  given  us  much  in- 
formation concerning  the  path  of  the  bacillus  through  the  body.  So 
many  cases  of  accidental  typhoid  fever  have  been  reported  in  man  that, 
even  if  all  experiments  on  the  lower  animals,  including  those  on  chim- 
panzees, be  discarded,  every  condition  essential  to  proving  that  the 
typhoid  bacillus  is  the  cause  of  the  disease  in  man  has  been  complied 
with.     There  can  be  no  question  about  this. 

Typhoid  Carriers.- — By  this  term  we  designate  those  individuals  who 
are  eliminating  typhoid  bacilli  at  times  when  they  themselves  are  ap- 
parently well.  Typhoid  bacilli  may  appear  in  the  feces,  and  even  in 
the  urine,  after  they  have  gained  entrance  into  the  body  and  before 
they  have  induced  symptoms  of  the  disease.  More  frequently,  these 
bacilli  continue  in  the  feces  and  urine  during  convalescence  and  after 
complete  recovery.  As  we  have  seen,  typhoid  bacilli  occur  abundantly 
in  the  gall  bladder,  from  which  they  are  constantly  being  passed  into 
the  bowels.  Sometimes,  after  recovery  from  typhoid  fever,  discharging 
abscesses,  which  are  formed  during  the  course  of  the  disease,  continue  to 
eliminate  these  microorganisms.  They  have  been  found  in  rectal  ab- 
scesses after  typhoid  fever  and  have  been  known  to  continue  in  the 
discharges  from  these  for  many  years.  Rarely,  one  who  has  never  had 
typhoid  fever  becomes  a  carrier  and  is  a  source  of  danger  to  those  with 
whom  he  associates.  Typhoid  carriers  may  be  temporary  or  permanent. 
The  history  of  Mary  Mallon,  who,  under  the  name  of  ''Typhoid  Mary," 
was  investigated  with  great  perseverance  and  skill  by  Soper,  now  stands 
out  as  a  prominent  figure  in  the  epidemiology  of  this  disease.  In  the 
winter  of  1906,  Soper  was  called  upon  to  investigate  a  household  epi- 
demic which  had  broken  out  in  a  country  place  at  Oyster  Bay  in  the 
latter  part  of  the  preceding  August.  Six  persons  in  a  household  of 
eleven  had  had  the  disease.  The  house  was  large,  surrounded  by  ample 
grounds,  and  was  occupied  during  the  summer  by  a  wealthy  banker 
from  New  York.     The  first  case  appeared  on  August  27  and  the  last  on 
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September  3.  Typhoid  fever  was  an  unusual  disease  in  the  neighbor- 
hood and  at  the  time  of  the  outbreak  no  other  case  was  knov^n  and 
none  followed.  The  water,  milk  supply,  cream,  and  other  articles  of 
food,  had  been  eliminated  as  possible  causes.  From  a  sanitary  stand- 
point everything  about  the  place  was  in  most  perfect  condition.  At 
one  time  it  was  suspected  that  soft  clams,  which  had  been  obtained 
from  an  Indian  woman,  had  caused  the  epidemic,  but  other  people  had 
eaten  these  clams ;  and,  moreover,  they  had  not  been  eaten  in  the  family 
for  six  weeks  before  the  outbreak  of  typhoid.  There  had  never  been 
any  typhoid  fever  in  the  house,  nor  had  it  been  visited  by  a  convalescent 
from  this  disease.  The  members  of  the  family  who  were  taken  ill  had 
not  been  away  from  Oyster  Bay  during  the  period  of  incubation.  The 
first  member  of  the  family  to  come  down  with  the  disease  was  a  daugh- 
ter, the  next  two  were  maid-servants,  then  came  the  wife,  another 
daughter,  and  finally  the  gardener,  who  resided  permanently  at  Oyster 
Bay  and  had  lived  on  the  place  for  many  years.  Soper  found  on  in- 
quiry that  the  family  had  changed  cooks  on  August  4,  about  three 
weeks  before  the  appearance  of  the  epidemic.  The  new  cook  remained 
in  the  family  about  three  weeks  after  the  outbreak  of  the  disease  and 
her  present  whereabouts  were  unknown.  Soper  started  out  to  find  this 
temporary  cook  and  in  his  search  he  was  aided  materially  by  the  head 
of  the  employment  bureau  where  she  had  been  recommended.  At  last 
Mary  Mallon  was  found  and  her  previous  history  traced.  It  was  shown 
that  during  the  preceding  ten  years  she  had  worked  in  eight  families, 
in  seven  of  which  typhoid  had  occurred.  When  found,  Mary  was  un- 
willing to  aid  in  incriminating  herself  and  refused  to  give  her  history 
or  to  answer  leading  questions.  It  became  necessary  for  the  Board  of 
Health  of  the  city  of  New  York  to  arrest  her  and  place  her  in  a  deten- 
tion hospital,  where  thorough  studies  of  the  urine  and  feces  were  made. 
No  bacilli  Avere  found  in  the  former,  but  the  latter  contained  them  in 
great  number.  Daily  examinations  made  over  two  weeks  failed  only 
twice  to  reveal  the  presence  of  the  bacillus  typhosus,  and  on  these  oc- 
casions the  sample  taken  was  perhaps  too  small.  From  March  20  to 
November  16,  1907,  the  stools  were  examined  three  times  a  week,  and 
in  only  a  comparatively  few  instances  did  these  examinations  fail  to 
reveal  the  presence  of  the  bacilli.     Soper  states: 

"The  implication  was  plain.  The  cook  was  virtually  a  living  culture  tube  in 
which  the  germs  of  typhoid  multiplied  and  from  which  they  escaped  in  the  move- 
ments from  her  bowels.  When  at  toilet  her  hands  became  soiled,  perhaps  uncon- 
sciously and  invisibly  so.  "When  she  prepared  a  meal,  the  germs  were  washed  and 
rubbed  from  her  fingers  into  the  food.  No  housekeeper  ever  gave  me  to  understand 
that  Mary  was  a  particularly  clean  cook." 

Mary  Mallon  was  kept  in  detention  by  the  Department  of  Health 
for  three  years.     She  was   allowed  to  reeeive  friends  and  enjoy  such 
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privileges  as  were  possible,  but  never  became  reconciled  to  lier  deten- 
tion. Legal  attempts  were  made  to  secure  ber  release,  but  the  courts 
held  that  the  Department  of  Health  acted  within  its  rights  in  keeping 
her  in  custody  and  that  in  doing  so  public  interests  were  being  served. 
In  1910,  on  her  promise  not  to  take  employment  as  a  cook  or  engage 
in  an  occupation  which  w^ould  bring  her  into  contact  with  food,  she 
was  discharged.  She  broke  her  parole  and  disappeared.  Her  where- 
abouts were  not  knoAvn  for  nearly  five  years.  In  January  and  Feb- 
ruary, 1915,  an  outbreak  of  typhoid  occurred  in  the  Sloane  Hospital 
for  women  in  New  York  City.  There  were  25  cases,  mostly  among  the 
nurses  and  other  attendants  at  the  institution.  This  hospital  is  one 
of  the  most  capably  managed  institutions  of  its  kind  and  is  noted  for 
its  cleanliness.  An  investigation  showed  that  Mary  Mallon,  under  the 
name  of  Mrs.  Brown,  was  the  cook.  She  was  arrested  and  placed  in  a 
detention  hospital  where  she  remains  at  the  present  time  (1922). 
Soper  states: 

"Tlie  total  number  of  outbreaks  of  wliicli  Typhoid  Mary  is  known  to  be  the  cause 
is  ten;  the  total  number  of  cases  fifty-one.  Owing  to  the  fact  that  only  parts  of  her 
entire  history  are  known,  it  is  probable  that  the  total  number  of  outbreaks  for 
which  she  is  responsible  is  much  larger  than  this  record  indicates.  It  would  sur- 
prise nobody  to  learn  that  she  had  produced  some  extensive  epidemics.  *  *  *  * 
The  story  of  Typhoid  Mary  indicates  how  diflficult  it  is  to  teach  infected  people  to 
guard  against  infecting  others.  Mary  had  ample  opportunity  to  know  the  danger 
which  she  constituted  toward  those  whose  food  she  prepared.  She  knew  from  being 
told  and  she  knew  by  experience.  She  was  aware  of  the  penalty  which  she  would 
suffer  if  she  broke  her  parole  and  caused  another  outbreak.  That  she  could  have 
avoided  spreading  infection  by  obeying  her  instructions  admits  of  no  doubt.  She 
knew  that  when  she  cooked  she  killed  people,  and  yet  she  deliberately  sought  em- 
ployment as  a  cook  in  a  hospital.     Why  did  she  do  this?" 

It  is  impossible  at  the  present  time  to  make  any  estimate  of  the  num- 
ber of  typhoid  carriers  in  the  country  at  large  or  in  any  given  com- 
munity. The  New  Jersey  State  Department  of  Health  in  its  1920  report 
mentions  14  known  chronic  typhoid  carriers  which  they  discovered 
during  a  period  of  eight  years.  To  each  of  these  individuals  one  or 
more  outbreaks  of  disease  were  traced.  One  man  in  particular  is 
known  to  have  been  responsible  for  three  distinct  outbreaks  in  which 
there  were  73  cases  and  3  deaths.  The  man  was  a  dairy  Avorker,  and 
in  spite  of  knowledge  of  his  own  condition  and  of  warnings  of  the 
danger  he  constituted,  he  persistently  stuck  to  his  original  occupation. 
The  existence  of  such  persons  must  be  borne  in  mind  in  all  epidemi- 
ologic studies  and  in  attempts  to  control  the  disease.  These  facts  are 
recognized  quite  generally  by  health  authorities  and  in  most  cities  the 
examination  of  all  handlers  of  foods  in  hotels  and  in  restaurants  is 
required.     In  the  army  camps  during  the  war  all  food  handlers  Avere 
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examined,  and  it  is  gratifying  to  state  that  but  few  carriers  were  found. 
Seven  chronic  carriers  were  sent  to  Walter  Keed  Hospital,  where  extir- 
pation of  the  gall  bladder  was  resorted  to.  In  five  of  these,  the  individ- 
uals ceased  to  discharge  typhoid  bacilli. 

The  persistence  of  typhoid  bacilli  in  the  body  after  recovery  from 
the  disease  seems  to  have  but  little,  if  any,  effect  upon  the  individual. 
Typhoid  carriers  may  be  and  may  remain  in  perfect  health  while  they 
are  continually  eliminating  the  microorganism  and  possibly  infecting 
others.  In  these  people  urinary  carriers  are  rare,  while  those  whose 
intestinal  discharges  are  infected  are  relatively  large.  In  rare  in- 
stances the  urine  may  be  turbid  with  bacilli  and  each  c.c.  may  contain 
many  billions.  During  the  second  or  third  week  of  the  disease  the 
bacillus  is  found  in  from  one-fourth  to  one-half  the  cases  in  the  urine. 
Rarely,  typhoid  bacilli  cause  cystitis  and  this  chronic  condition  may 
continue  quite  indefinitely,  and  of  course  is  accompanied  by  the  con- 
stant discharge  of  typhoid  bacilli.  A  few  cases  of  urinary  carriers  have 
been  reported  in  which  there  was  no  history  of  previous  typhoid  fever. 
As  a  rule  the  nidus  for  the  growth  of  these  bacilli,  so  far  as  the  urinary 
organs  are  concerned,  is  in  the  pelvis  of  the  kidney  rather  than  in  the 
bladder.  Out  of  314  carriers  Prigge  found  only  23  who  Avere  pure 
urinary  carriers.     Gay  states: 

"It  is  evident  (from  figures  given  in  a  table)  that  continued  excretion  of  the 
typhoid  bacillus,  largely  through  the  feces  may  be  anticipated  in  four  or  five  per 
cent  of  all  recovered  cases.  There  is  no  reason  to  assume  that  once  the  chronic 
carrier  state  has  been  established,  at  a  period  arbitrarily  placed  at  three  months 
after  recovery,  the  excretion  of  bacteria  becomes  progressively  less  with  succeeding 
months  and  years;  in  fact,  all  evidence  points  to  the  contrary.  These  percentages 
are  certainly  under  the  true  percentages,  owing  not  only  to  the  difiiculty  in  isolating 
the  typhoid  bacilli  from  the  feces  of  relatively  normal  individuals  even  when  ca- 
tliartics  are  employed,  but  owing  to  the  fact  that  the  discharge  of  the  microorgan- 
isms in  carriers  is  characteristically  intermittent.  Thus,  the  high  percentage  of  11.6 
rej)orted  from  the  Central  Eesearch  Institute  at  Karauli  in  India  by  Semple  and 
Greig  more  nearly  represents  the  true  state  of  affairs,  as  the  search  for  bacilli  was 
made  daily  until  the  stools  were  repeatedly  negatiA^e.  But,  if  we  assume  as  a  mini- 
mum that  five  per  cent  of  all  recovered  cases  become  chronic  carriers  and  we  know 
that  over  150,000  recovered  typhoid  cases  are  still  being  produced  each  year  in  the 
United  States,  we  have  some  7,500  carriers  added  annually  to  a  presumably  cumu- 
lative list.  It  is  evident  how  imiDortant  any  measures  directed  towards  the  detec- 
tion and  cure  of  these  fundamental  sources  of  further  typhoid  infection  become. ' ' 

Gay,  who  has  diligently  collected  and  carefully  investigated  the  data 
concerning  typhoid  carriers,  estimates  that  there  are  at  least  three  such 
carriers  in  every  1,000  of  the  population  at  large,  and  he  considers  it 
conservative  to  attribute  from  twenty-five  to-  thirty  per  cent  of  all  cases 
of  typhoid  fever  to  carriers.  Garbat  is  less  conservative  and  thinks  that 
fifty-five  per  cent  of  all  cases  of  typhoid  fever  may  be  traced,  directly 
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or  indirectly,  to  carriers.  With  all  the  precautions  now  taken  in  the 
treatment  of  this  disease,  it  is  not  the  man  who  is  sick  in  bed  with 
typhoid  who  is  a  source  of  danger  to  the  community  so  much  as  is  the 
man  who  is  supposed  to  be  well,  mingles  with  others,  and  eliminates 
from  his  bowels  or  kidneys  or  from  both,  typhoid  bacilli.  This  condi- 
tion renders  the  absolute  eradication  of  this  disease  a  very  difficult 
problem.  It  is  impossible  to  examine  the  excretions  of  everybody  for 
typhoid  bacilli,  and  besides,  vv^ere  such  a  Herculean  task  undertaken 
the  fact  that  the  elimination  of  these  microorganisms  is  intermittent 
would  lead  to  failure  to  detect  many  carriers.  The  best  we  can  do  is  to 
cause  the  thorough  examination  of  the  excretions  of  all  who  are  en- 
gaged in  the  handling  of  food.  Moreover,  such  examinations  must  be 
repeated  from  time  to  time.  Usually  the  cooking  of  food  necessitates 
a  temperature  high  enough  to  destroy  typhoid  bacilli,  but  this  is  not 
always  true  and  great  danger  lies  in  those  foods  which  are  not  cooked 
and  the  handling  of  all  food  after  cooking.  The  more  closely  people  are 
associated  the  more  dangerous  becomes  the  carrier  of  typhoid  bacilli  and 
other  pathogenic  organisms. 

While,  as  has  been  stated,  Budd  and  other  early  writers  reported 
that  those  who  had  recovered  from  this  disease  may  still  transmit  it 
to  others,  the  first  actual  demonstration  of  typhoid  bacilli  in  the  stools 
of  those  free  from  typhoid  was  made  by  Eemlinger  and  Schneider  of 
the  French  Army  Medical  school  at  Val  de  Grace  in  1897.  The  first 
German  work  on  typhoid  carriers  was  not  until  five  years  later  (.1902). 
Air-Borne  Typhoid. — Is  typhoid  fever  ever  disseminated  through  the 
air?  This  is  a  question  to  which  diverse  answers  have  been  given.  Our 
present  knowledge  of  the  etiology  of  this  disease  gives  no  support  to 
the  old  belief  that  it  may  be  caused  by  the  inhalation  of  gases  from 
decomposing  organic  matter.  Infection  can  result  only  from  specific 
bacilli  and  no  amount  of  decomposing  matter  in  which  this  organism  is 
not  present  can  cause  the  disease.  Moreover,  the  specific  cause  of 
.  typhoid  fever  is  a  particulate  body  and  not  a  gas.  Inhalation  of  gases 
from  putrid  material  may  cause  intoxication  but  not  infection.  Cases 
reported  by  older  writers  in  which  typhoid  fever  was  believed  to  be 
due  to  the  inhalation  of  gases  from  putrid  material  were,  as  we  can 
now  see,  not  instances  of  infection.  In  illustration,  we  shall  mention 
the  Clapham  epidemic  a.^  reported  by  Murchison.  Twenty  out  of  twenty- 
two  school  boys  who  watched  the  opening  of  a  pit  that  contained  a  large 
amount  of  decomposing  organic  matter  and  which  had  been  closed  for 
some  years  were  within  three  hours  j^rostrated  with  vomiting  and  diar- 
rhea. Two  died,  one  within  23  and  the  other  within  25  hours.  Exami- 
nation showed  an  acute  swelling  of  Peyer's  patches  and  the  solitary 
follicles,  with  slight  ulceration  of  these  structures,  together  with  con- 
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gestion  of  the  mesenteric  glands.  These  were  diagnosed  as  typhoid 
fever,  but  we  now  know  that  they  were  instances  of  acute  poisoning 
with  noxious  gases.  The  typhoid  bacillus  is  generally  destroyed  by 
other  bacteria  or  their  products  in  material  sufficiently  advanced  in 
putrefaction  to  give  off  unpleasant  odors.  The  oldest  cultures  of 
this  bacillus  are  free  from  disagreeable  smells,  and  infection  with 
typhoid  fever  is  not  likely  to  result  from  ingestion  of  putrid  mat- 
ter. Unfortunately,  there  is  nothing  about  food  or  drink  infected 
with  this  bacillus  to  indicate  to  the  unaided  senses  the  presence  of  such 
infection.  Water  containing  typhoid  bacilli  may  be  clear,  sparkling, 
and  agreeable  to  the  taste.  Milk  infection  with  this  microorganism  re- 
veals no  peculiarities  to  taste,  sight,  or  smell.  A  fly  may  deposit  typhoid 
bacilli  upon  a  cooked  potato  without  rendering  this  article  less  palatable 
to  the  consumer.  We  wish  to  emphasize  the  difference  between  the  ques- 
tion now  before  us  as  to  whether  typhoid  fever  may  be  disseminated  by 
infected  particles  of  dust  carried  through  the  air,  and  the  older  idea  that 
it  was  spread  by  the  agency  of  gases  given  off  from  putrid  material.  We 
may  state  as  a  bacteriologic  fact  that  gases  given  off  from  putrid  organic 
matter  contain  no  bacteria.  Certainly,  this  is  generally  true,  and  we 
know  of  no  exception.  On  the  other  hand,  a  wind  may  carry  partially 
dried  infected  particles  of  dust  which  may  be  deposited  on  food  or  in- 
haled and  cause  typhoid  fever. 

Germano  has  collected  the  literature  bearing  upon  this  question  and 
has  added  his  own  experimental  data.  The  following  report  by  Chour, 
a  Russian  medical  officer,  is  given  as  an  instance  of  air-borne  typhoid 
fever,  A  typhoid  epidemic  appeared  in  two  infantry  regiments.  All  the 
soldiers  of  these  regiments  obtained  their  drinking  water  from  the  same 
source.  One  regiment  had  in  1885,  9.6  and  in  1886,  3.2  per  1,000  cases 
of  typhoid  fever.  The  second  regiment  had  during  the  same  time  a  similar 
proportion  of  cases,  but  in  one  company  of  the  Second  Regiment  14  out 
of  90  men  were  stricken  with  the  disease.  The  extraordinary  number  of 
cases  of  this  disease  in  this  company  led  to  the  supposition  that  the  part 
of  the  garrison  occupied  by  these  men  was  specifically  infected.  In 
December,  1886,  the  room  occupied  by  this  company  was  vacated  and 
subjected  to  thorough  disinfection.  The  walls,  the  floor,  and  the  fur- 
niture of  the  room,  also  the  clothing  of  the  soldiers,  were  disinfected. 
After  this  had  been  done  the  company  was  allowed  to  return  to  its  own 
quarters.  In  1887  the  number  of  cases  of  typhoid  fever  in  this  company 
was  reduced  to  1.7  per  1,000,  and  in  1888  there  was  not  a  case,  while  dur- 
ing the  same  time  typhoid  fever  increased  among  the  soldiers  occupying 
the  parts  of  the  garrison  which  had  not  been  disinfected.  The  disap- 
pearance of  the  disease  among  the  soldiers  who  occupied  the  disinfected 
quarters  and  its  persistence  and  increase  among  those  in  the  undisin- 
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fected  quarters  led  Gliour  to  conclude  that  the  tyi)hoid  bacillus  was  dis- 
seminated through  the  dust  in  the  rooms.  It  is  more  than  likely  that  the 
bedding  and  clothing  of  these  soldiers  Avere  soiled  with  typhoid  stools  and 
the  bacilli  were  transferred  from  these  soiled  articles  to  the  alimentary 
canals  by  means  of  the  fingers;  in  other  words,  these  were  cases  of  con- 
tact infection. 

The  second  citation  by  Germano  is  a  report  by  Favier.  On  August 
26,  1886,  a  regiment  of  dragoons  in  which  there  had  been  no  typhoid 
fever,  left  Compiegne  for  the  annual  maneuvers.  From  the  above  men- 
tioned date  until  September  6  of  the  same  year,  one  half  of  this  regi- 
ment was  quartered  at  the  village  of  Cuvilly,  while  the  other  half  was 
divided  between  Neuville  and  Ressous.  On  the  last  mentioned  date  the 
troops  reunited  at  Compiegne.  On  September  11  a  dragoon  who  had 
been  quartered  at  Cuvilly  was  taken  with  typhoid  fever.  From  this 
time  to  October  2  of  the  same  year,  eight  other  cases  appeared  in  this 
half  of  the  regiment,  while  only  two  eases  appeared  in  the  other  half, 
and  the  first  of  these  had  its  initial  date  October  5.  Investigation 
showed  that  during  the  stay  of  the  troops  at  Cuvilly  there  were  three 
cases  of  typhoid  fever  in  a  family  at  that  place.  The  soldier  who  first 
contracted  the  disease  had  been  quartered  in  this  house  and  the  next 
two  cases  to  develop  the  disease  were  men  who  had  visited  the  house. 
Favier  thinks  that  the  man  quartered  in  the  infected  house  at  Cuvilly 
received  the  infection  through  the  air  inhaled  at  that  place  and  that  the 
soldiers  visiting  this  house  were  infected  in  the  same  way;  also  that 
the  disease  spread  to  the  half  of  the  regiment  which  had  not  been  at 
Cuvilly  through  the  air.  In  the  light  of  today,  this  conclusion  is  by 
no  means  warranted.  The  soldier  quartered  at  the  house  of  the  sick 
may  have  been  infected  by  personal  contact,  through  his  drinking  water, 
or  through  his  food.  These  possible  methods  of  infection  are  also  ap- 
plicable to  the  men  who  visited  this  house.  These  men  may  have  car- 
ried the  infection  in  their  clothing  or  on  their  persons  to  their  comrades. 
When  the  halves  of  the  regiment  were  united  in  the  common  barracks 
at  Compiegne,  common  drinking  cups  may  have  become  infected  and 
may  account  for  the  spread  of  the  disease.  We  are  inclined  to  reject 
this  report  as  evidence  that  typhoid  fever  may  be  disseminated  through 
the  air.  "  , 

The  third  citation  is  from  Olliver,  who  states  that  a  girl  sick  with 
typhoid  fever  was  placed  in  a  hospital  ward  in  which  there  were  no 
other  cases  of  this  disease.  Soon  thereafter  two  other  patients  in  the 
same  ward  developed  typhoid  fever.  One  of  these  occupied  the  bed 
by  the  side  of  the  first  patient  and  the  other  a  bed  opposite.  The  ward 
was  vacated  and  thoroughly  disinfected,  after  which  there  was  no 
typhoid  fever.     The  disinfection  of  the  ward  Avas  justified,  but  the  con- 
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elusion  that  the  disease  was  spread  through  the  air  is  by  no  means  war- 
ranted. It  is  more  than  probable  that  attendants  carried  the  bacteria 
on  soiled  fingers  from  one  patient  to  the  other,  or  that  common  drinking 
cups  were  used.  The  history  of  these  cases  teaches,  as  many  similar 
instances  indicate,  that  it  is  not  safe  to  place  typhoid  fever  patients  in 
a  ward  occupied  by  those  suffering  from  other  diseases;  or,  in  other 
words,  it  teaches  the  desirability  of  the  isolation  of  typhoid  cases  and 
greater  care  among  common  attendants,  but  it  furnishes  no  proof  that 
typhoid  fever  may  be  disseminated  through  the  air. 

The  corpse  of  a  woman  who  had  died  from  typhoid  fever  at  Rheims 
was  brought  to  Vassognes  for  burial.  The  body  had  not  been  embalmed. 
It  was  transported  in  a  wooden  coiSn,  and  at  the  time  of  burial  was 
in  an  advanced  stage  of  decomposition.  A  few  days  later  three  children 
of  the  dead  woman  came  to  Vassognes.  These  soon  sickened  with 
typhoid  fever  and  the  disease  spread  until  it  had  infected  many  persons 
in  the  village.  The  reporter  of  these  cases  concludes  that  the  bacteria 
were  disseminated  through  the  air.  Soiled  hands  and  clothing  were 
more  likely  factors  in  the  spread  of  the  infection. 

In  July,  1886,  a  woman  from  Paris  came  to  a  hotel  in  the  village  of 
Eaux  Bonnes,  where  she  soon  developed  typhoid  fever.  A  short  time 
after,  three  daughters  of  the  proprietor  of  the  hotel  were  taken  sick 
with  the  same  disease.  Beyond  these  cases  the  epidemic  did  not  spread. 
This  undoubtedly  is  another  instance  of  contact  infection.  It  may  have 
been  that  those  attending  the  sick  woman  handled  the  food  of  the  chil- 
dren without  disinfecting  their  hands. 

The  military  station  at  St.  Bernard  lies  about  four  kilometers  south 
of  Antwerp  and  1,800  meters  from  the  point  where  the  Rupel  flows  into 
the  Schelde.  Usually  four  regiments  of  infantry  were  located  at  this 
place.  For  three  years  there  had  not  been  a  case  of  typhoid  fever 
among  the  soldiers  in  these  barracks,  when  in  August,  1892,  a  severe 
epidemic  appeared.  The  water-supply  was  not  changed  nor  were  the 
barracks  disinfected.  The  first  case  appeared  August  22  and  the  last 
October  20.  The  explanation  given  by  Froidboise  is  as  follows:  On  ac- 
count of  some  engineering  work  which  was  being  done  in  the  Schelde 
at  the  mouth  of  the  Eupel  the  latter  stream  overflowed  its  left  bank 
and  distributed  a  large  amount  of  sewage  brought  down  from  Brussels  and 
Mechlin.  The  receding  water  left  a  thin  deposit  scattered  over  several 
thousand  acres  of  land.  As  this  deposit  consisted  of  sewage  it  is  more 
than  likely  that  it  contained  typhoid  bacilli  in  large  numbers.  From 
August  12  to  October  10,  the  direction  of  the  prevailing  wind  was  such 
that  it  would  carry  the  dust  from  the  drying  deposit  into  the  garrison. 
Before  and  after  the  dates  mentioned  above,  the  wind  was  in  the  op- 
posite direction.     The  question  is  whether  or  not  the  typhoid  bacillus 
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can  be  carried  in  particles  of  dust  suspended  in  tlie  air  through  a 
distance  of  1,800  meters.  Germano  concludes  that  this  is  impossible, 
and  we  agree  that  it  is  quite  improbable.  It  is  more  likely  that  the 
infected  dirt  Avas  carried  on  the  feet  of  some  one. 

A  man  while  away  from  home  contracted  typhoid  fever  and  returned 
to  his  native  village,  in  which  there  had  not  been  a  case  of  this  disease 
for  a  long  while.  The  undisinfected  feces  from  this  man  were  thrown 
upon  a  dung  heap.  Some  weeks  later  five  men  carted  away  this  mate- 
rial, and  later  four  of  these  developed  typhoid  fever  and  the  fifth  suf- 
fered from  intestinal  catarrh  accompanied  by  enlargement  of  the  spleen. 
The  undisinfected  dejections  from  these  men  were  thrown  upon  another 
dung  heap.  A  few  months  later  two  men  removed  this  material  and 
one  of  these  developed  typhoid  fever.  Brouardel  supposes  that  the 
typhoid  bacilli  were  disseminated  through  the  air  from  the  decompos- 
ing dung  heaps.  Germano  thinks  it  more  probable  that  the  men  en- 
gaged in  this  work  soiled  their  hands  and  in  this  way  transferred  the 
bacilli  to  their  mouths.     This  is  more  probable. 

After  reviewing  the  literature  as  stated  above,  Germano  endeavored 
to  decide  the  question  concerning  the  possibility  of  dissemination  of 
typhoid  bacilli  through  the  air  experimentally.  He  found  that  typhoid 
bacilli  mixed  with  dust  from  different  sources  and  thoroughly  desic- 
cated speedily  die,  and  he  concludes  that  air  infection,  through  many 
hundred  meters  at  least,  is  impossible.  More  recently,  Neissej  has 
shown  that  dust  infected  with  the  typhoid  bacillus  may  be  carried  by 
a  current  of  air  moving  at  a  rate  of  1.7  centimeters  per  second  through 
a  distance  of  680  centimeters  and  there  deposited  with  the  germ  still 
possessed  of  vitality.  He  concludes  that  since  this  bacillus  is  not 
transported  to  a  distance  of  more  than  680  centimeters  by  the  air  mov- 
ing at  a  rate  which  generally  prevails  within  a  room,  that  typhoid 
fever  cannot  be  considered  a  dust-borne  disease.  This  conclusion  has 
reference  only  to  the  possibility  of  the  typhoid  bacillus  floating  through 
the  air  of  a  closed  room;  but  even  within  doors  the  air  often  moves  with 
a  velocity  many  times  greater  than  1.7  centimeters  per  second.  Espe- 
ciall}'-  is  this  true  when  the  movement  of  the  air  within  the  room  is  in- 
fluenced by  drafts  from  windows,  doors,  and  ventilating  flues.  Partially 
dried  typhoid  stools  on  the  floor  may  be  sufficiently  comminuted  to  form 
a  dust  which  may  float  through  the  air,  be  deposited  on  food,  find  its 
way  into  uncovered  receptacles  of  water  or  milk  or  be  directly  inhaled, 
find  lodgment  in  the  nose  and  pharynx  and  finally  reach  the  intestines. 

The  danger  of  air  infection  with  typhoid  fever  is  greatly  increased 
in  military  life,  where  food  and  drink  are  often  exposed  for  hours  to 
an  atmosphere  laden  with  dust  and  possibly  infected  with  the  typhoid 
bacillus.      The   shell   roads   through   the   encampments   at   Jacksonville, 
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Fla.,  during  the  Spanisli-Anierican  War  were  ground  by  the  heavy  army 
wagons  into  an  impalpable  dust  several  inches  thick.  Along  these  roads 
scavengers  carted  in  half  barrels  fecal  matter  containing  the  typhoid 
bacillus.  The  contents  of  these  tubs  frequently  splashed  and  overflowed 
in  this  dust.  On  each  side  of  these  roads  soldiers  were  encamped  and 
many  mess  tables  were  in  close  proximity  to  the  roads.  Local  whirl- 
winds sometimes  caught  up  large  quantities  of  this  dust  and  carried 
it  long  distances.  After  seeing  these  things,  we  feel  that  we  cannot 
exclude  the  dust  as  a  probable  carrier  of  typhoid  infection,  notwith- 
standing the  fact  that  it  would  be  a  difficult  thing  to  scientifically  dem- 
onstrate that  the  disease  has  been  disseminated  in  this  way. 

Seasonal  Prevalence  of  Typhoid  Fever. — Since  recognized  as  a  dis- 
tinct entity,  it  has  been  observed  that  typhoid  fever  is  most  prevalent 
in  the  summer  and  fall;  indeed,  so  marked  is  this  that  it  has  often  been 
designated  as  ''estivo-autumnal  fever." 

The  proportional  distribution  of  typhoid  deaths  by  months  is  graphi- 
cally shown  for  certain  divisions  of  the  U.  S.  Registration  Area  for  the 
five  year  period  1911-1915.  For  the  area  as  a  whole  the  peak  occurs  in 
September,  This  is  true  for  the  cities  in  registration  and  nonregis- 
tration states.  In  the  rural  sections  the  peak  is  in  October.  March, 
April  and  May  are  months  of  lowest  incidence.  In  the  nonregistration 
cities,  mostly  southern,  typhoid  begins  its  ascent  in  June,  a  month  earlier 
than  the  other  groups.  Its  descent  is  likewise  about  a  month  ahead  of 
the  others.  In  this  connection  it  may  be  noted  that  the  seasonal  dis- 
tribution of  typhoid  in  U.  S.  Registration  Cities  has  altered  in  the 
twenty  years  since  1900.  Thus,  for  every  100  deaths  in  September, 
1901  to  1904,  there  were  69  in  January.  In  the  period  1916  to  1919,  for 
every  100  deaths  in  September  there  are  only  41  in  January.  This 
same  shifting  is  seen  in  the  rural  part  of  registration  states.  Thus  in 
the  early  period,  for  every  100  deaths  in  September  there  were  60  in 
January,  while  in  the  later  period,  for  every  100  in  September  there 
were  only  30  in  January,  One  interpretation  of  this  change  is  that  by 
the  improvement  of  water-supplies  the  all-year-round  typhoid  due  to 
water  has  been  diminished,  whereas  the  autumn  typhoid  due  to  bath- 
ing, flies,  infected  food  and  contact  has  not  been  affected  by  this 
improvement.  Thus  the  disparity  between  autumn  and  winter  typhoid 
is  greater  now  than  formerly.  It  is  more  difficult  to  explain  the  rural 
change,  for  supposedly  improvement  in  small  water-supplies  and  in- 
dividual well  supplies  would  not  be  expected  to  show  the  mass  improve- 
ment realized  in  the  cities.  On  the  other  hand,  this  apparent  reflection 
in  water-supply  improvement  may  be  the  result  of  ^  change  in  the  com- 
position of  the  registration  area.  Thus  in  1904  the  registration  area  and 
cities  in  nonregistration  states  were  represented  in  greatest  numbers 


322 


EPIDEMIOLOGY 


by  the  nortlieastern  section  of  the  country.  Since  that  time  the  southern 
and  western  territory  has  been  added.  The  population  of  the  registra- 
tion cities  grew  from  23,000,000  to  37,000,000  in  the  period  under  con- 
sideration, and  the  population  of  the  rural  part  of  the  registration 
states  increased  from  9,000,000  to  35,000,000.  Some  would  attribute 
the  greater  prevalence  of  the  disease  during  the  autumn  to  the  warmer 
temperature.  We  do  not  believe  that  this  is  the  true  explanation.  In  the 
summer  and  fall  there  is  more  marked  pollution  of  the  soil  and  greater 
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opportunity  for  the  contamination  of  food  and  drink,  as  well  as  soiling  of 
the  person  and  clothing  with  infected  material.  During  the  warm  months 
careless  persons  scatter  excreta  quite  indiscriminately  over  the  land.  In 
the  colder  seasons  they  are  more  likely  to  resort  to  special  places  for 
the  deposit  of  excrement.  Flies  abound  during  the  warm  months,  feed 
upon  excreta  deposited  on  the  surface  and  in  pits,  and  then  visit  dining- 
rooms,  mess  halls,  etc.  Frequent  rains  during  the  summer  and  fall 
wash  infected  material  deposited  on  the  soil  into  the  water-supplies. 
Fruits  and  vegetables  lie  on  the  ground  and  often  come  into  contact 
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with  human  manure,  which  may  be  specifically  infected.  During  the 
warm  months  pedestrians  tramp  through  the  woods  and  bushes  where 
excrement  has  been  deposited  and  are  liable  to  carry  infected  material 
into  their  homes.  Heavy  rains  may  within  a  few  hours  wash  tons  of 
excrement  scattered  over  square  miles  of  territory  into  the  reservoir  of 
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some  city  water-supply.  In  the  winter  there  are  no  such  opportunities 
for  the  wide  dissemination  of  infected  fecal  matter.  When  deposited 
out-of-doors  it  is  soon  frozen,  is  not  scattered,  and  is  likely  to  be  held 
in  the  place  of  deposit  until  the  specific  bacilli  which  it  contains  are 
destroyed.  Many  local  epidemics  of  typhoid  fever  have  been  traced  to 
the  melting  of  snows  upon  which  typhoid  stools  had  been  deposited. 
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This  is  true  of  the  notable  epidemic  at  Ph'moiith,  Pa.,  some  years  ago. 
The  dejections  from  a  typhoid  patient  sick  in  a  house  near  the  head 
of  the  water-supply  were  thrown  in  an  undisinfected  condition  on  the 
snow.  When  the  snow  melted  the  infected  material  was  carried  directly 
into  the  water-supply  and  caused,  in  proportion  to  the  number  of  in- 
habitants of  the  place,  one  of  the  most  serious  epidemics  of  this  disease 
known  in  the  annals  of  epidemiology. 

It  is  worthy  of  remark  at  this  place  that  typhoid  fever  is  much  more 
prevalent  among  men  than  among  Avomen,  among  young  adults  than 
in  either  childhood  or  old  age.  Some  would  attribute  these  facts  to 
differences  in  sex  and  age.  We  are  inclined  to  believe  that  sex  per  se 
has  nothing  to  do  with  it  and  age  comparatively  little.  Man  is  more 
likely  to  be  infected  than  woman  because  of  his  wider  range  of  activity 
and  his  greatly  increased  chance  of  exposure  to  infection.  The  young 
adult  male  has  the  widest  range  of  activity,  is  more  careless  than  his 
more  experienced  elder  brother,  and  multiplies  his  chance  of  infection 
by  his  wanderings  and  his  carelessness.  The  wife  is  at  home,  drinks  a 
safe  water,  does  not  mingle  with  typhoid  carriers,  and  is  not  likely  to 
soil  her  person  and  clothing  with  specifically  infected  material.  The 
husband  goes  up  and  down  the  country,  drinking  water  from  question- 
able sources,  eating  food  prepared  by  diverse  and  for  the  most  part 
uncleanly  people,  and  mingles  more  or  less  intimately  with  all  kinds 
and  conditions  of  men  among  whom  there  may  be  typhoid  carriers. 

Typhoid  Fever  in  Armies. — In  past  centuries  typhoid  fever  was  one 
of  the  most  potent  causes  of  sickness  and  death  in  armies.  This  was 
due  to  many  factors.  In  the  first  place,  the  average  age  of  the  soldier 
covers  that  period  in  life  in  which  man  is  most  exposed  to  this  disease. 
This,  together  with  the  necessity  of  drinking  contaminated  water  and 
the  crowding  which  is  essential  to  military  life,  often  made  typhoid 
fever  a  greater  factor  in  the  death  rate  than  the  missiles  of  the  enemy. 
Conditions  were  most  favorable  for  the  development  of  water-borne  and 
contact  tyi3hoid.  In  briefly  reviewing  the  history  of  typhoid  fever  in 
armies,  we  shall  not  select  instances  where  the  death  rate  from  this 
disease  was  most  appalling,  nor  shall  we  go  back  far  into  history,  before 
this  was  recognized  as  a  distinct  disease;  but  shall  content  ourselves 
with  a  few  historical  illustrations,  choosing  especially  those  instances 
which,  in  the  light  of  today,  most  illuminate  the  epidemiology  of  the 
disease.  In  our  own  Civil  War  Ave  l^ncAv  nothing  of  the  specific  cause 
of  this  disease,  and  thus  there  is  very  little  of  A^alue  along  this  line  in 
the  splendid  A^olumes  Avhich  contain  the  medical  and  surgical  history 
of  the  War  of  the  Rebellion.  In  these  records  there  is  but  little  infor- 
mation concerning  the  importation  of  typhoid  fever,  more  attention 
being  gi^^en  to  general  reports  concerning  hard  service,  inclemencv  of 
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the  weather,  and  insanitary  conditions  in  camp  as  connected  with  the 
prevalence  of  this  disease.  More  importance  is  attached  to  exposures, 
hardships,  the  unaccustomed  mode  of  life  of  the  young  soldier,  over- 
crowding and  bad  ventilation,  than  to  importation  of  the  disease  from 
the  localities  from  which  the  men  were  recruited,  although  this  is  oc- 
casionally suggested.  The  absence  of  satisfactory  reports  on  the  causa- 
tion of  typhoid  fever  in  the  camps  is  attributable  to  the  difficulties  at- 
tending investigation  into  the  origin  and  transmission  of  this  disease, 
the  causative  factor  of  which  at  that  time  was  unknown.  It  is  estimated 
that  during  the  Civil  "War  there  were  in  the  Union  Army  75,361  cases 
of  this  disease  with  27,056  deaths.  These  figures  do  not  include  many 
cases  which  we  now  know  were  typhoid  fever  but  at  that  time  were 
reported  at  typho-malaria  and  under  various  other  names  now  fallen 
into  disuse. 

When  the  Franco-German  War  began,  every  corps  of  the  German 
Army  was  infected  with  typhoid  fever  and  the  Second  Division  of  the 
Eleventh  Corj)s  was  having  at  that  time  a  marked  epidemic  of  this 
disease.  The  infection  was  not  confined  to  the  Prussians  but  extended 
to  every  contingent  of  the  German  Army.  The  seeds  of  the  disease 
carried  with  them,  rapidly  bore  fruit,  especially  among  the  troops  be- 
sieging Metz  and  later  among  those  besieging  Paris.  Within  less  than 
two  months  after  war  was  proclaimed  typhoid  fever  had  extended  so 
widely  among  certain  divisions  of  the  German  troops,  notably  in  the 
Eleventh  Corps  of  the  Prussian  Army  and  in  the  "Wiirttemberg  Division, 
that  more  than  fifteen  per  cent  of  the  men  of  these  commands  were  sick 
with  this  disease.  The  total  number  of  cases  among  commanding  offi- 
cers and  men  in  the  German  Army  during  the  Franco-German  War 
amounted  to  73,396,  Avhich  is  equivalent  to  9.31  per  cent  of  the  average 
strength  of  the  army.  It  will  be  remembered  that  the  invasion  of 
France  began  about  the  middle  of  July,  1870.  During  the  second  half 
of  this  month  the  total  number  of  cases  of  typhoid  in  the  German  Army 
was  345,  less  than  the  average  for  preceding  years  of  peace.  In  August, 
the  number  increased  perceptibly  and  amounted  to  2.6  per  1,000,  but 
this  was  not  sufficient  to  cause  alarm,  and  up  to  the  beginning  of  Sep- 
tember it  could  not  be  said  that  there  was  an  unusual  prevalence  of 
this  disease.  However,  early  in  this  month  there  was  an  explosive  out- 
break and  the  cases  ran  up  to  12,463,  equivalent  to  15.3  per  1,000. 
October  saw  17,253  new  cases.  In  this  month  the  epidemic  reached  its 
climax,  and  fell  slowdy  until  January,  1871,  and  more  rapidly  to  June, 
but  at  the  last  mentioned  date  it  had  not  reached  the  peace  level.  Dur- 
ing the  fall  of  1870  there  was  not  a  regiment  in  the  German  Army  free 
from  typhoid  fever.  In  addition  to  the  importation  of  typhoid  fever, 
the   Germans   invaded   a   countrv   in   Avhich   this    disease   was   then    and 
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still  remains  endemic.  However,  the  point  wliicti  we  wish  to  emphasize 
here  is  that  the  invading  army  transported  typhoid  fever  with  it  and 
that  from  seeds  thus  carried  the  disease  spread  until  no  regiment  re- 
mained free  from  it.  There  were  in  the  German  Army  during  this  war 
8,786  deaths  from  typhoid  fever,  making  sixty  per  cent  of  the  total 
mortality  during  this  period. 

In  the  minor  wars  waged  by  the  British  Empire,  it  has  been  demon- 
strated repeatedly  that  typhoid  fever  may  be  transported  along  with 
an  army  into  regions  where  man  has  never  previously  lived.  This  Avas 
illustrated  in  the  Afghan  War  from  1878  to  1880.  Several  of  the  en- 
campments of  the  English  soldiers  during  this  invasion  of  Afghanistan 
occupied  positions  probably  never  before  occupied  by  human  beings.  It 
is  not  at  all  likely  that  the  water  which  was  obtained  from  mountain 
streams  in  the  invaded  region  was  specifically  contaminated  with  the  ba- 
cillus of  typhoid  fever ;  nor  was  it  likely  that  the  virgin  soil  covered  by 
these  encampments  Avas  infected,  except  as  it  became  so  by  occupation, 
and  yet  typhoid  fever  occurred  at  nearly  every  station  occupied  by  the 
English  troops.  Only  one  explanation  of  the  prevalence  of  this  disease  in 
these  places  is  possible.  It  is  known  that  the  English  troops  which  had 
been  encamped  in  various  parts  of  India  were  widely  infected  with 
typhoid  fever  when  the  invasion  of  Afghanistan  was  begun. 

Similar  experience  is  furnished  by  the  history  of  a  French  expedition 
in  northern  Africa.  In  the  Oran  campaign  in  1885  French  commands 
encamped  in  desert  stations  never  before  occupied  and  in  these  typhoid 
fever  not  only  appeared,  but  acquired  epidemic  proportions.  At  the 
time  of  the  Suakin  Expedition  in  1885  it  was  believed  that  typhoid 
fever  is  always  a  water-borne  disease,  and  consequently  every  precau- 
tion was  taken  to  insure  a  pure  Avater-supply  for  the  troops ;  in  fact, 
all  the  drinking  water  was  distilled.  Notwithstanding  this,  typhoid 
fever  prevailed  extensively.  At  least  one  regiment,  the  East  Surrey, 
joined  the  expedition  already  infected  with  typhoid  fever.  It  is  more 
than  likely  that  these  men  infected  the  latrines  and  that  flies  aided  in 
the  distribution  of  the  disease.  Moreover,  it  is  quite  certain  that  contact 
infection,  then  unknoAvn,  played  an  important  part  in  the  continuance 
and  spread  of  this  disease. 

In  the  expedition  for  the  relief  of  Chitral,  from  March  28  to  August 
24,  1895,  typhoid  fever  was  carried  with  them  by  the  English  soldiers. 
The  first  recognized  case  of  this  disease  occurred  April  29,  although 
this  had  been  preceded  by  several  other  cases  the  diagnosis  of  which 
had  been  doubtful  at  the  time  and  which  had  been  transferred  to  base 
hospitals,  proving  later  to  be  typhoid  fever.  The  expedition  consisted 
of  two  regiments,  with  a  total  strength  of  1,601  officers  and  men.  After 
battles  at  Malakand  and  Kahr,  April  3  and  4,  these  regiments  were  en- 
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camped  at  Kalir,  in  the  Swat  Valley,  2,000  feet  above  sea  level.  The 
health  was  good  at  first,  but  with  the  increasing  heat  the  men,  who  were 
much  crowded  in  small  single  fly-tents,  began  to  suffer  from  malarial 
fever  and  typhoid  soon  made  its  appearance.  From  April  29  to  August 
4,  the  time  of  the  arrival  of  the  expedition  at  Laram  Kotal,  172  cases 
with  39  deaths,  were  reported.  In  regard  to  this  epidemic.  Surgeon 
General  Mansell  makes  the  following  statement : 

"The  first  case  *  *  *  on  April  29,  was  probably  imported  from  India.  Once 
the  disease  was  introduced  into  such  camps  as  the  troops  occupied,  first  at  Kahr, 
and  later  on  at  Laram  Kotal  and  bearing  in  mind  the  predisposing  cause  of  climate 
and  other  conditions  of  the  former  place  in  May,  when  the  men  were  inactive,  the 
liard  work  they  subsequently  underwent,  road  making,  the  gradual  fouling  of  the 
soil  through  the  extension  of  latrine  trenches,  inadequate  conservancy  arrangements 
due  to  the  want  of  a  sufficient  establishment,  it  is  not  difficult  to  account  for  the 
rapid  spread  of  the  disease.  The  milk  and  bazaar  supplies  were,  of  course,  liable 
to  suspicion  but  both  were  under  strict  supervision,  and  the  outbreak  cannot,  in 
my  opinion,  be  attributed  to  them.  The  water-supply,  which  was  bad  at  Kahr,  may 
also  be  disregarded  as  the  cause,  as  when  the  troops  moved  to  Laram,  where  the 
supply  was  excellent,  the  epidemic  increased  in  violence.  I  attribute  the  disease 
to  the  fouling  of  the  ground  inevitable  in  camps,  the  lack  of  sufficient  conservancy 
establishments,  the  contamination  of  food,  etc.,  through  the  agency  of  dust  and 
flies,  and  the  necessary  crowding,  dirt,  and  intimate  contact  in  which  the  men  lived, 
often  I  think  carrying  infective  germs  from  one  to  another.  The  absence  of  these 
last  conditions  goes  far  to  explain  the  remarkable  immunity  from  the  disease  that 
the  officers  enjoyed." 

Eeading  the  above,  one  must  admit  that  General  Mansell  had  a  fair 
conception  of  the  agency  of  flies  and  of  the  potency  of  contact  in  the 
dissemination  of  typhoid  fever. 

When  the  English  invaded  Egypt  in  1882,  some  of  the  regiments 
which  had  been  withdrawn  from  the  Mediterranean  stations  and  which 
constituted  a  part  of  the  army  of  invasion,  were  infected  with  typhoid 
fever  before  leaving  their  stations.  Soon  after  disembarking  at  Is- 
mailia  occasional  cases  of  typhoid  fever  began  to  appear.  The  disease 
was  at  first  diagnosed  remittent  fever,  but  as  it  did  not  yield  to  quinin 
in  full  doses,  two  autopsies  were  held  and  these  showed  the  lesions  of 
typhoid  fever.  Prom  Ismailia  the  disease  followed  the  troops  until  the 
army  took  up  its  permanent  camp  at  Cairo,  at  which  place  it  culminated 
in  a  serious  epidemic.  The  camp  sites  for  the  several  regiments  were 
situated  on  the  sandy  soil  and  were  some  distances  apart.  The  latrines 
were  easily  dug  and  regularly  filled  up.  Frequent  inspection  failed 
to  show  any  sanitary  defect.  All  excreta  from  typhoid  fever  patients, 
as  well  as  bedding  and  clothing  used  by  them,  were  disinfected;  the 
excreta  were  deposited  in  a  special  pit,  and  all  the  water  was  boiled 
and  filtered.  Notwithstanding  this,  many  of  the  hospital  corps  men 
contracted  the  disease  in  removing  the  excreta  of  the  patients.     On  the 
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march  from  Ismailia  to  Cairo  tlie  troops  drank  canal  water,  but  that 
this  water  did  not  occasion  the  epidemic  appears  to  be  borne  ont  by  the 
immunity  from  typhoid  fever  enjoyed  by  the  Indian  contingency  of 
Seaforth  Highlanders,  although  they  used  the  same  water.  The  Man- 
chester Regiment  also,  which  garrisoned  at  Ismailia — the  termination 
of  the  canal — and  used  this  water,  had  only  one  case.  The  Household 
Cavalry  and  the  Fourth  Dragoon  Guards,  which  Avere  in  the  desert 
during  the  whole  of  the  campaign,  having  hard  work,  suffering  much 
exposure,  drinking  bad  water,  and  living  in  insanitary  camps,  suffered 
comparatively  little.  The  Seventh  Dragoons  and  the  Nineteenth  Hus- 
sars remained  long  in  camp  at  Cairo  and  suffered  greatly,  the  disease 
being  most  prevalent  among  them  during  the  months  of  November  and 
December.  Undoubtedh^  contact  played  a  large  part  in  this  epidemic. 
According  to  Surgeon  Major  Tarrant,  the  epidemic  of  typhoid  fever 
which  prevailed  among  the  English  and  native  troops  in  the  Zulu  War 
(1878-1879)  was  imported  into  Fort  Pearson  from  Thring's  Post  and 
Saccharine.     In  regard  to  the  same  epidemic,  Major  Hodgson  states: 

"Numbers  of  men  came  from  Fort  Chelmsford  with  remittent  simple  continued 
fever,  of  which  a  large  portion  proved  to  be  enteric.  In  a  general  way,  though  a 
large  proportion  of  the  fevers  were  returned  as  simple  continued,  my  impression 
IS  that  nearly  all  of  the  eases  were  enteric  of  the  milder  or  more  severe  type.  From 
such  inquiries  as  I  was  able  to  institute,  I  concluded  that  enteric  fever  was  origd- 
nally  brought  from  Durban  and  was  carried  by  the  troops  to  the  various  stations 
where  it  broke  out,  and  that  in  all  cases  it  was  aggravated  by  the  gathering  to- 
gether of  a  large  number  of  men  and  cattle  and  the  insanitary  state  which  always 
accompanies  such  conditions." 

In  speaking  of  contact  infection,  we  have  already  said  much  con- 
cerning typhoid  fever  in  the  American  Army  during  the  Spanish-Amer- 
ican War.  We  think  we  are  justified  in  reproducing  here  the  conclusions 
of  the  Typhoid  Commission,  because  the  knowledge  gained  in  this  study 
has  had  much  to  do  with  the  marvelous  reduction  in  typhoid  fever  in 
armies  since  that  time.  The  general  statements  with  which  the  Typhoid 
Commission  concluded  its  report  are  as  follows: 

(1)  During  the  Spanish-American  War  of  1898  every  regiment  con- 
stituting the  First,  Second,  Third,  Fourth,  Fifth,  and  Seventh  Army 
Corps,  developed  typhoid  fever.  (2)  More  than  ninety  per  cent  of  the 
volunteer  regiments  developed  typhoid  fever  within  eight  weeks  after 
they  came  into  camp.  (3)  Typhoid  fever  developed  in  certain  of  the 
regular  regiments  Avithin  three  to  five  weeks  after  coming  into  camp. 
(4)  Typhoid  fever  became  epidemic  both  in  the  small  encampments  of 
not  more  than  one  regiment  and  in  the  larger  ones  consisting  of  one 
or  more  corps.  (5)  Typhoid  fever  became  epidemic  in  camps  located 
in  the  northern  as  well  as  in  those  located  in  the  southern  states.  (6) 
Typhoid  fever  is  so  widely  distributed  in  this  country  that  one  or  more 
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eases  are  likely  to  appear  in  any  regiment  within  eight  weeks  after 
assembling.  (7)  Typhoid  fever  nsiially  appears  in  military  expeditions 
within  eight  weeks  after  assembling.  (8)  The  miasmatic  theory  of  the 
origin  of  typhoid  fever  is  not  supported  by  our  investigations.  (9)  The 
pythogenic  theory  of  the  origin  of  typhoid  fever  is  not  supported  by 
our  investigations.  (10)  Our  investigations  confirm  the  doctrine  of  the 
specific  origin  of  typhoid  fever,  (11)  With  typhoid  fever  as  widely  dis- 
seminated as  it  is  in  this  country,  the  chances  are  that  if  a  regiment 
of  1,300  men  should  be  assembled  in  any  section  and  kept  in  a  camp,  the 
sanitary  conditions  of  which  were  perfect,  one  or  more  cases  of  typhoid 
fever  would  develop.  (12)  Typhoid  fever  is  disseminated  by  a  trans- 
ference of  the  excretions  of  an  infected  individual  to  the  alimentary 
canals  of  others.  (13)  Typhoid  fever  is  more  likely  to  become  epidemic 
in  camps  than  in  civilian  life,  because  of  the  greater  difficulty  of  dis- 
posing of  the  excretions  from  the  human  body.  (14)  A  man  infected 
with  typhoid  fever  may  scatter  the  infection  in  every  latrine  in  a  regi- 
ment before  the  disease  is  recognized  in  himself.  (15)  Camp  pollution 
was  the  greatest  sin  committed  by  the  troops  in  1898.  (16)  Some  com- 
mands were  unwiseh^  located.  (17)  In  some  instances  the  space  allotted 
the  regiments  was  inadequate.  (18)  Many  commands  were  allowed  to 
remain  on  one  site  too  long.  (19)  Requests  for  change  in  location  made 
by  medical  officers  were  not  always  granted.  (20)  Superior  line  officers 
cannot  be  held  blameless  for  the  insanitary  condition  of  the  camps. 
(21)  Greater  authority  should  be  given  medical  officers  in  matters  re- 
lating to  the  hygiene  of  camps.  (22)  It  may  be  stated  in  a  general 
^vaj,  tliat  the  number  of  cases  of  typhoid  fever  in  the  different  camps 
varied  with  the  methods  of  disposing  of  the  excretions.  (23)  The  tub 
system  of  the  disposal  of  fecal  matter  as  practiced  in  the  Second  Divi- 
sion of  the  Seventh  Army  Corps  is  to  be  condemned.  (24)  The  regu- 
lation pit  is  not  a  satisfactory  method  of  disposing  of  fecal  matter  in 
permanent  camps.  (25)  In  permanent  camps  where  water  carriage  can- 
not be  secured,  all  fecal  matter  should  be  disinfected  and  then  carted 
away  from  the  camp.  (26)  Infected  water  was  not  an  important  factor 
in  the  spread  of  typhoid  fever  in  the  national   encampments   in  1898. 

(27)  To  guard  against  the  contamination  of  the  water-supply,  troops 
in  the  field  should  be  provided  with  means  for  the  sterilization  of  water. 

(28)  Flies  undoubtedly  served  as  carriers  of  the  infection.  (29)  It  is 
more  than  likely  that  men  transported  infected  material  on  their  persons 
or  in  their  clothing,  and  thus  disseminated  the  disease.  (30)  Typhoid 
fever  as  it  developed  in  the  regimental  organizations  was  characterized 
by  a  series  of  company  epidemics,  each  one  having  more  or  less  per- 
fectly its  own  individual  characteristics.  (31)  It  is  probable  that  the 
infection  was  disseminated  to  some  extent  through  the  air  in  the  form 
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of  dust.  (32)  A  command  badly  infected  with  typhoid  fever  does  not 
lose  the  infection  by  simply  changing  its  location.  (33)  When  a  com- 
mand badly  infected  with  typhoid  fever  changes  its  location  it  carries 
the  specific  agent  of  the  disease  in  the  bodies  of  the  men,  in  their  clothing, 
bedding,  and  tentage.  (34)  Even  an  ocean  voyage  does  not  relieve  an 
infected  command  of  its  infection,  (3'5)  After  a  command  becomes 
badly  infected  with  typhoid  fever,  change  of  location,  together  with 
thorough  disinfection  of  all  clothing,  bedding,  and  tentage,  is  neces- 
sary. (36)  Except  in  cases  of  the  most  urgent  military  necessity  one 
command  should  not  be  located  upon  the  site  recently  vacated  by  an- 
other. (37)  The  fact  that  a  command  expects  to  change  its  location 
does  not  justify  neglect  of  proper  policing  of  the  grounds  occupied. 
(38)  It  is  desirable  that  the  soldier's  bed  should  be  raised  from  the 
ground.  (39)  In  some  of  the  encampments  the  tents  were  too  much 
crowded.  (40)  Medical  officers  should  insist  that  soldiers  remove  their 
outer  clothing  at  night  when  the  exigencies  of  the  situation  permit. 
(41)  Malaria  was  not  a  prevalent  disease  among  troops  that  remained 
in  the  United  States.  (42)  The  continued  fever  that  prevailed  among 
the  soldiers  in  this  country  in  1898  was  typhoid  fever.  (43)  In  addition 
to  the  recognized  cases  of  typhoid  fever,  there  were  many  short  or 
abortive  attacks  of  this  disease  which  were  generally  dia;gnosed  as 
some  form  of  malarial  fever.  (44)  While  our  examinations  show  that 
coincident  infection  with  malaria  and  typhoid  fever  may  occur,  the  re- 
sulting complex  of  symptoms  is  not  sufficiently  well  defined  and  uni- 
form to  be  recognized  as  separate  diseases.  (45)  About  one-fifth  of  the 
soldiers  in  the  national  encampments  in  the  United  States  in  1898 
developed  typhoid  fever.  (46)  Army  surgeons  correctly  diagnosed  about 
half  the  cases  of  typhoid  fever.  (47)  The  percentage  of  deaths  among 
cases  of  typhoid  fever  Avas  7.61.  (48)  When  a  command  is  thoroughly 
saturated  with  typhoid  fever,  it  is' probable  that  one-fourth  to  one-third 
of  the  men  will  be  found  susceptible  to  this  disease.  (49)  In  military 
practice,  typhoid  fever  is  often  apparently  an  intermittent  disease.  (50) 
The  belief  that  errors  in  diet,  with  consequent  gastric  and  intestinal  catarrh, 
induce  typhoid  fever,  is  not  supported  by  our  investigations.  (51)  The 
belief  that  simple  gastrointestinal  disturbances  predispose  to  typhoid 
fever,  is  not  supported  by  our  investigations.  (52)  In  a  eonsiderable 
percentage  (a  little  more  than  one-third)  of  the  cases  of  typhoid  fever 
which  are  recorded  as  having  been  preceded  by  some  intestinal  dis- 
turbance, the  preceding  illness  was  so  closely  followed  by  typhoid  fever 
that  we  must  regard  the  former  as  having  occurred  within  the  period  of 
incubation  of  the  latter.  (53)  More  than  ninety  per  cent  of  the  men 
who  developed  typhoid  fever  had  no  preceding  intestinal  disorder.  (54) 
The  deaths  from  typhoid  fever  were  86.24  per  cent  of  the  total  deaths. 
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(55)  The  morbidity  from  typhoid  fever  per  1,000  of  mean  strength  w^as 
a  little  less  than  one-fifth  (192.65).  (56)  The  mortality  from  typhoid 
fever  per  1,000  of  mean  strength  was  14.63.  (57)  The  average  period  of 
incubation  in  typhoid  fever  is  probably  about  ten  and  a  half  days. 

In  the  South  African  "War  (1899-1902)  the  British  repeated  all  the 
mistakes  which  we  made  in  1898,  with  practically  the  same  results.  "We 
have  before  us  two  reports  of  typhoid  fever  in  the  South  African  War 
from  the  same  source.  In  one  the  statement  is  made  that,  with  a  total 
strength  of  557,653  officers  and  men,  there  were  57,686  cases  of  typhoid 
fever  and  8,225  deaths.  In  the  second  statement,  we  are  told  that  the 
total  strength  was  380,605,  that  there  were  57,684  cases  with  a  mor- 
bidity of  15,115  and  a  mortality  of  2,100  per  100,000.  It  will  be  seen 
that  the  most  important  difference  in  these  statements  concerns  the 
total  strength.  We  assume  that  the  larger  figure  gives  the  total  strength 
of  the  British  Army  at  that  time  in  all  quarters  of  the  empire,  while  the 
smaller  figure  gives  the  total  strength  of  those  who  were  engaged  directly 
in  the  South  African  "War. 

It  is  generally  stated  that  in  the  Russo-Japanese  "War,  typhoid  fever 
Avas  less  prevalent  in  both  armies  than  it  was  in  the  American  Army  in 
the  Spanish  "War  or  in  the  British  Army  in  the  South  African  War.  We 
have  not  been  able  to  find  official  figures  from  either  the  Japanese  or 
Russian  Armies.  "Vincent  and  Muratet  give  the  number  of  cases  in  the 
Russian  Army  as  21,309  and  in  the  Japanese  as  5,474,  but  neither  the 
strength  nor  the  mortality  is  given.  Yagisawa  states  that  the  incidence 
of  this  disease  averaged  500  per  100,000  and  the  mortality  100  in  the 
Japanese  Army.  Some  have  sought  to  find  in  these  relatively  low  fig- 
ures evidence  of  racial  immunity,  especially  among  the  Japanese.  We 
are  not  ready  to  accept  this  explanation.  The  Japanese  medical  officer  had 
more  authority,  the  line  officer  had  a  greater  appreciation  of  medical  ad- 
vice, and  camp  pollution  did  not  exist  to  the  extent  that  it  did  in  our 
camps  in  1898. 

It  must  not  be  understood  that  the  prevalence  of  typhoid  fever  in 
armies  has  been  confined  to  times  of  war.  Garrisoned  troops,  certainly 
in  former  days,  suffered  more  heavily  from  this  disease  than  did  the 
civilian  population  in  the  city  in  which  or  near  which  the  garrison  was 
located.  Fi'om  1855  to  1869,  the  annual  death  rate  in  the  garrison  at 
Munich  was  more  than  four  times  that  of  the  city  during  the  same 
period.  The  garrison  and  the  city  had  the  same  water-supply  and  the 
excess  in  the  garrison  was  probably  due  to  the  greater  prevalence  of 
contact  infection.  The  highest  incidence  and  mortality  from  this  dis- 
ease of  which  we  have  record  was  that  which  prevailed  in  the  British 
Army  in  the  Khyber  district  in  India  in  1898.  The  morbidity  for  this 
year  was  16,050  and  the  mortality  4,060  per  100,000.     The  British  Army 
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being  scattered  over  the  vast  empire  furnishes  many  interesting  facts- 
to  the  student  of  epidemiology.  In  1898  the  mortality  rate  in  the  civil 
population  of  England  was  7  per  100,000;  among  soldiers  stationed  in 
Great  Britain  it  was  24';  among  those  at  Gibraltar  it  was  132;  among 
those  in  South  Africa  it  was  577;  among  those  in  India  it  was  1,000; 
among  those  in  Egypt  it  was  2,340. 

Before  discussing  its  prevalence  in  the  World  War,  we  shall  turn 
aside  and  give  attention  to  those  studies  and  advances,  the  application 
of  which  has  changed  radically  the  relative  importance  of  typhoid  fever 
in  armies.  Formerly,  it  was  the  disease  which  army  medical  officers 
had  most  to  fear.  Now  it  is  that  which  is  most  perfectly  under  control. 
Formerly,  the  young  civilian  who  went  into  the  army,  whether  in  peace 
or  in  war,  greatly  increased  his  chance  of  being  infected  with  this  dis- 
ease. Now  he  greatly  reduces  the  chance  by  this  transfer  from  civilian 
to  military  life. 

Individual  Susceptibility  to  Typhoid  Infection. — All  the  enigmas  in 
the  typhoid  problem  have  not  been  solved.  One  of  the  most  inter- 
esting of  these  is  the  difference  in  susceptibility  to  this  infection  ex- 
hibited by  individuals.  As  we  have  stated,  about  one-fifth  of  the  soldiers 
in  our  national  encampments  in  1898  developed  typhoid  fever.  Why  did 
four  men  out  of  every  five  escape  this  infection?  To  one  who  visited 
Chickamauga  Park  at  that  time,  it  would  seem  that  the  whole  camp 
was  saturated  with  this  infection.  The  only  answer  that  we  could  give 
to  this  question  at  that  time  was  that  four  out  of  five  by  lucky  chance 
escaped  the  introduction  of  the  bacillus  into  their  bodies.  We  called 
attention  to  the  fact  that  in  the  most  deadly  charges,  when  columns 
of  men  were  facing  a  fire  which  apparently  should  strike  down  every 
man,  man}^  came  through  unscathed.  At  first  this  explanation  quite 
satisfied  us,  but  on  closer  study  we  observed  that  many  individuals  who 
manifested  some  trifling  ailment,  often  not  sufficient  to  send  them  to 
hospital  or  even  to  quarters,  subsequently  proved  immune  to  typhoid. 
At  the  time  the  Typhoid  Commission  was  making  its  inspection  it  had 
ne  facilities  for  applying  the  agglutination  test  to  these  individuals. 
Subsequently  in  Porto  Eico,  Reed,  chairman  of  the  commission,  ob- 
served similar  instances  and  did  apply  this  test.  He  found  that  in 
many  individuals  typhoid  fever  manifested  itself  in  only  slight  and 
transient  effect  upon  the  body.  These  slight  attacks  gave  subsequent 
immunity.  In  other  words,  typhoid  fever  varies  greatly  in  its  effect 
upon  individuals.  In  some  it  may  be  only  a  slight  and  transient  indis- 
position, while  in  others  it  causes  a  prolonged  and  distressing  illness, 
terminating  in  about  ten  per  cent  of  the  cases  in  death  and  often  leaving 
serious  complications  in  those  who  recover.  This,  however,  is  not  the 
whole  nor  the  most  interesting  part  of  the  stoiw.     Denneniark  reports 
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tliat  319  soldiers  j)artook  of  potato  salad  which  had  been  prepared  by  a 
typhoid  carrier.  Only  22  of  these  men  developed  typhoid  fever.  The 
natural  inference  would  be  that  the  infection  was  not  evenly  distributed 
through  the  food  and  those  who  swallowed  the  specific  bacilli  developed 
the  disease,  but  59  of  those  who  ate  of  the  salad  and  who  were  not 
ill  developed  the  agglutination  test,  showing  that  typhoid  bacilli  had 
been  introduced  into  their  bodies.  Furthermore,  there  were  160  com- 
rades Avho  did  not  partake  of  the  salad  but  who  were  subsequently 
closely  associated  with  those  who  did.  Of  these,  five  developed  typhoid 
fever,  undoubtedly  through  contact,  and  39  others  showed  the  aggluti- 
nation test.  Further  still,  in  the  stools  of  certain  of  these  individuals 
who  did  not  develop  the  fever  but  who  showed  the  agglutination  test, 
typhoid  bacilli  were  found.  When  typhoid  bacilli  are  found  in  the 
stools  of  those  who  do  not  develop  the  disease,  the  most  reasonable 
explanation  is  that  the  bacilli  have  found  their  way  into  the  alimentar^^ 
canal  but  have  failed  to  reach  the  blood  current.  This  explanation 
will  not  satisfy,  because  to  develop  the  agglutination  test  the  bacilli 
must  reach  the  blood.  Moreover,  in  many  such  instances  typhoid 
bacilli  are  found  in  the  urine  and  they  could  reach  the  kidneys  only 
through  the  blood.  Scheller  reports  an  epidemic  in  which  72  people 
drank  milk  contaminated  by  a  carrier.  Thirty-two  of  these  developed 
typhoid  fever,  but  40  remained  apparently  perfectly  Avell.  In  18  of  the 
40  apparently  well  people,  typhoid  bacilli  were  found  in  either  the  stools 
or  the  urine  or  in  both.  These  and  similar  instances  indicate  that 
typhoid  bacilli  do  not  always  induce  the  disease,  even  when  they  find 
their  way  into  the  blood.  A  still  more  interesting  fact  is  the  observa- 
tion that  apparently  healthy  people  may  for  weeks  and  months  carry  / 
the  typhoid  bacilli  in  their  bodies,  eliminate  them  in  their  excretions 
and  suddenly,  after  the  organism  has  been  an  apparently  harmless  guest 
for  a  long  time,  they  develop  the  disease.  The  explanation  of  these 
phenomena  is  not  easy.  It  would  seem  that  typhoid  bacilli  may  exist, 
grow,  and  multiply  in  the  human  body,  living  at  the  expense  of  the 
host  but  without  causing  any  antagonism  on  the  part  of  the  body  cells. 
In  other  words,  it  seems  that  sensitization  of  the  body  cells  is  essential 
to  the  development  of  typhoid  fever,  and  that  there  are  many  individu- 
als whose  body  cells  are,  at  times  at  least,  not  susceptible  to  such  sensiti- 
zation. The  facts  we  are  now  discussing  are  not  only  of  great  scientific 
interest,  but  they  indicate  how  complex  is  the  problem  of  the  eradica- 
tion of  this  disease.  There  should  be  but  little  danger  of  the  spread 
of  tyi^hoid  fever  from  the.  32  cases  who  developed  the  disease  in  Schel- 
ler's  report.  These  were  sick  in  bed  and  their  excretions  presumably 
were  thoroughly  sterilized,  but  what  of  the  18  who  were  not  ill,  who 
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continued  to  mingle  with  their  fellow  men,  and  who  eliminated  typhoid 
bacilli  in  their  feces  and  nrine? 

Protection  Afforded  by  a  Previous  Attack. — Early  in  the  history  of 
this  disease,  at  least  after  it  was  recognized  as  distinct  from  typlras 
fever,  observations  were  made  indicating  that  one  attack  gives  the  in- 
dividual permanent  immunity.  This  observation  was  recorded  by  Bre- 
tonneau  as  early  as  1829,  and  subsequently  confirmed  by  many  French 
and  a  few  American  physicians.  However,  as  early  as  1849  exceptions 
to  this  rule  were  recorded.  In  observations  on  this  point,  generally 
reliance  must  be  placed  upon  the  memory  of  the  patient.  Moreover, 
there  is  always  the  chance  that  the  diagnosis  was  not  correct.  Not- 
withstanding these  difficulties,  it  is  now  generally  agreed  that  even  a 
previous  attack  of  this  disease  does  not  give  perfect  and  complete  im- 
munity. Some  clinicians  have  reported  a  relatively  large  number  of 
cases  in  which  the  disease  has  at  least  twice  attacked  the  individual. 
In  666  eases  of  typhoid  fever,  Eichhorst  found  a  history  of  previous 
attack  in  4.2  per  cent.  Osier  placed  the  figure  in  his  experience  at  2.2 
per  cent.  It  must  be  borne  in  mind  that  these  figures  were  obtained 
before  we  knew  anything  of  the  paratyphoid  fevers,  and  no  one  is 
able  at  the  present  time  to  give  anything  like  an  exact  estimate  of  the 
number  of  cases  in  which  any  one  of  the  group  of  typhoid  fevers  has 
recurred.  It  is  safe  to  say,  however,  with  a  good  deal  of  certainty,  that 
one  attack  of  any  one  of  the  group  does  not  give  absolute  immunity  to 
a  subsequent  attack  by  the  same  specific  microorganism.  In  other  words, 
the  protection  furnished  by  one  attack  of  the  disease,  whether  it  be 
Eberthian,  paratyphoid  A,  or  paratyphoid  B,  does  not  give  absolute 
protection  against  the  subsequent  development  of  the  same  typhoid 
fever.  Certainly,  all  bacterial  immunity  is  relative.  This  is  especially 
true  of  such  a  disease  as  typhoid  fever  in  which  the  infecting  dose  is 
subject  to  such  wide  variations. 

It  is  a  widely  held  belief  that  many  people  acquire  a  partial  immunity 
of  typhoid  fever  by  frequently  swallowing  small  numbers  of  the  bacilli. 
If  a  city  has  had  for  a  long  time  an  infected  water-supply,  newcomers 
to  that  locality  are  more  prone  to  develop  typhoid  fever  than  the 
natives.  This  statement  is  not  founded  upon  scientific  data,  but  it  does 
rest  upon  repeated  observation  and  is  altogether  reasonable.  It  is  be- 
lieved by  some  that  the  lessened  susceptibility  to  this  disease  which 
comes  with  age  is,  in  part  at  least,  due  to  protection  secured  in  this  way. 
It  is  generally  stated  that  physicians  and  nurses  are  less  susceptible 
to  the  disease  than  others.  However,  Gay  states  that  typhoid  fever 
occurs  eight  times  as  frequently  among  these  people  as  it  does  a.mong  those 
who  do  not  come  into  such  intimate  contact  with  the  disease.  The  physi- 
cian or  nurse  may  acquire  a  certain  degree  of  immunization  by  frequent 
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absorption  of  small  numbers  of  typhoid  bacilli,  but  this  immunity  will 
disappear  when  massive  doses  are  absorbed. 

Vaccination  against  Typhoid  Fever. — In  1896,  Wright,  then  a  profes- 
sor in  the  British  Army  Medical  School,  began  to  practice  vaccination 
against  this  disease.  He  grew  typhoid  bacilli  in  bouillon  for  three  weeks, 
killed  the  bacteria  by  heating  to  63°  C,  and  preserved  the  preparation 
by  the  addition  of  .5  per  cent  phenol.  He  developed  a  method  of  com- 
puting the  number  of  bacteria  by  comparing  the  suspension  with  a  given 
dilution  of  red  blood  cells.  The  dose  he  employed  was  from  750  to 
1,000  million.  The  injection  is  made  subcutaneously  and  muscular  pene- 
tration should  be  avoided.  A¥right  gave  only  one  injection.  He  vac- 
cinated troops  going  to  India.  The  procedure  was  wholly  voluntary, 
and  in  no  instance  did  he  succeed  in  inducing  all  the  men  in  any  organi- 
zation to  submit  to  vaccination.  The  vaccinated  and  the  unvaccinated 
were  mixed  in  the  same  organization.  It  happened  at  times  that  those 
organizations  which  were  most  thoroughly  vaccinated  were  sent  to  the 
most  highly  infected  districts.  Notwithstanding  these  facts,  the  figures 
showed  on  the  whole  that  the  mortality  among  the  vaccinated  was  much 
less  than  among  the  unvaccinated;  in  fact,  even  when  tried  lin  this  inade- 
quate way,  both  the  morbidity  and  mortality  were  reduced  to  half.  As 
indicated  above,  it  happened  that  certain  regiments  largely  vaccinated, 
sent  to  India  and  placed  in  badly  infected  localities,  showed  a  higher 
mortality  than  unvaccinated  troops  in  less  infected  stations.  This  ap- 
parently discouraged  even  Wright,  and  he  suggested  that  there  might 
be  a  "negative  phase"  immediately  following  vaccination  in  which  sus- 
ceptibility to  the  disease  may  be  increased.  For  some  years  much  was 
said  pro  and  con  concerning  this  so-called  ''negative  phase,"  but  we 
have  long  since  concluded  that  there  is  nothing  to  it.  When  the  South 
African  War  came  on,  it  was  expected  that  vaccination  against  typhoid 
fever  would  be  thoroughly  tested  and  definite  results  one  way  or  the 
other  obtained,  but  the  procedure  had  apparently  not  won  the  con- 
fidence of  British  medical  officers  and  the  South  African  War,  with  its 
high  death  rate  from  this  disease,  passed  into  history  and  the  world 
knew  no  more  about  the  value  of  typhoid  vaccination  than  it  did  be- 
fore ;  indeed,  in  1903  antityphoid  inoculation  in  the  British  Army  was 
offieially  prohibited  and  this  prohibition  continued  for  about  18  months. 
Fortunately,  Wright's  procedure  was  vindicated  by  the  College  of  Physi- 
cians and  again  put  into  operation.  It  grew  in  favor,  and,  although  it 
was  not  made  compulsory  until  the  World  War,  in  1910,  82.3  per  cent 
of  British  soldiers  in  India  had  received  the  treatment.  From  1906  to 
1910,  with  increasing  vaccination,  the  morbidity  rate  in  India  fell  from 
15.6  to  4.6  per  eent,  and  the  mortality  from  3.19  to  0.63  per  cent. 

Eussell,  of  the  United  States  Army,  having  carefully  studied  vaccina- 
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tion  as  practiced  in  the  Englisli  Arni}^,  succeeded  in  having  it 
made  compulsory  in  our  army  in  1911.  This  was  the  first  army  in  which 
typhoid  vaccination  was  made  compulsory,  and  the  result  which  has  fol- 
lowed has  justified  the  wisdom,  persistence,  and  scientific  skill  of  Col- 
onel Russell,  who  had  charge  of  this  matter.  In  1902,  with  no  vaccina- 
tion, the  number  of  cases  per  100,000  in  our  army  was  699.  In  1913, 
with  compulsory  vaccination  well  established,  the  corresponding  figure 
was  4.4. 

In  1911,  French  soldiers   occupying  certain   garrisons  in  France,   in 
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Morocco,  and  in  Algiers,  were  vaccinated,  but  compulsory  vaccination 
did  not  take  effect  until  the  World  War  began,  and  then  so  rapidly 
were  French  civilians  pressed  into  service,  or  to  speak  more  truly,  so 
rapidly  did  French  civilians  flock  to  the  service,  that  universal  vac- 
cination was  not  at  the  time  possible.  The  French  had  been  convinced 
by  their  experiments  in  the  vaccination  of  certain  garrisons  of  the 
value  of  this  procedure,  so  that  there  Avas  no  question  about  mak- 
ing it  compulsory  as  soon  as  possible  after  the  war  began.  Rist 
states  that  in  1916  only  73.9  per  cent  of  the  French  Army  had  been 
vaccinated  against  typhoid  fever. 
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In  the  war  witli  Tripoli  (1911-1912)  the  Italian  Army  was  partially 
vaccinated.  At  this  time  French  and  German  vaccines  were  employed  and 
the  former  found  to  be  much  more  efficient.  In  the  Eussian  Army  typhoid 
vaccination  was  not  made  obligatory  until  1915,  and  during  the  war 
vaccines  were  prepared  in  various  laboratories,  sent  to  certain  places 
where  they  were  tested,  and  then  used  on  the  soldiers.  The  vaccines 
employed  in  the  Russian  Army  are  those  prepared  according  to  the 
directions  of  the  Pasteur  Institute  of  Paris. 

Vaccination  apparently  was  first  tried  in  the  German  Army  in  the 
war  against  the  Herreros  in  Africa  (1904-1907).  According  to  Kuhn, 
among  7,287  vaccinated  soldiers  in  this  war,  typhoid  morbidity  was 
5,100  and  mortality  330  per  100,000,  while  among  9,209  nonvaccinated 
men  the  morbiditj^  was  9,900  and  the  mortality  1,260  per  100,000.  It 
Avill  be  seen  from  these  figures  that  the  morbidity  among  the  vaccinated 
was  a  little  more  than  one-half  and  the  mortality  among  the  same  a 
little  more  than  one-fourth  what  it  was  among  the  nonvaccinated.  While 
these  figures  demonstrated  the  value  of  typhoid  vaccination,  they  were 
not  altogether  satisfactory  and  left  room  for  doubt  and  discussion  as 
to  the  value  of  the  procedure.  For  some  years  thereafter  those  who  had 
in  charge  the  health  of  the  German  Army  relied  for  protection  against 
typhoid  fever  on  sanitation  and  the  elimination  of  typhoid  carriers.  It 
is  an  interesting  fact  that  without  vaccination  and  through  rigid  execu- 
tion of  the  above  mentioned  methods,  mortality  from  typhoid  fever  in 
the  German  Army  was  reduced  to  about  three  in  100,000  in  1912.  From 
the  best  information  we  can  obtain,  it  seems  that  compulsory  vaccina- 
tion against  this  disease  was  not  established  in  the  German  Army  until 
the  late  fall  of  1914  and  not  until  several  thousand  cases  of  the  disease 
had  developed. 

The  preparation  of  the  vaccine  has  varied  in  different  countries  and 
from  time  to  time.  As  we  have  stated,  "Wright  first  killed  the  bacteria 
at  63°  C.  There  has  been  much  discussion  concerning  the  influence  of 
temperature  used  in  sterilizing  the  cultures  on  the  protective  value  of 
the  bacilli.  Most  bacteriologists  have  held  that  the  lower  the  tem- 
perature, provided  it  secures  complete  sterilization,  the  better  the  vac- 
cine. In  consonance  with  this  view,  the  tendency  has  been  to  lower 
the  point  at  which  sterilization  is  secured.  In  most  laboratories  the 
temperature  now  used  varies  from  53'  to  56°.  It  seems  to  make  but 
little  difference  whether  the  bacilli  are  grown  on  solid  or  in  liquid 
cultures.  When  grown  on  the  former  the  growths  are  removed  and 
suspended  in  a  physiologic  salt  solution.  Experimentally,  some  inves- 
tigators have  killed  the  bacilli  with  chemical  agents,  thus  avoiding  heat- 
ing. Ether  and  alcohol  have  been  used  for  this  purpose,  but  there  is 
no  convincing  evidence  that  the  vaccines  prepared  by  these   methods 
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are  more  efficient  than  those  whicli  are  sterilized  by  heat.  In  a  few 
instances,  the  addition  of  phenol  alone  has  been  depended  upon  to  kill 
the  bacilli.  Moreover,  iodin  and  sodium  tiuorid  have  been  advocated, 
but  the  vaccines  now  generally  employed,  both  in  military  and  civil 
life,  consist  of  typhoid  bacilli  sterilized  by  heating  to  from  53  to  56°  C. 
At  first  only  one  administration  of  the  vaccine  was  employed,  but  it 
was  found  that  repeated  vaccination  apparently  increased  the  degree 
of  immunity.  In  the  American  Army  at  the  beginning  of  the  World 
War  three  doses  were  administered  at  intervals  of  about  seven  days. 
In  the  French  Army  four  injections  have  been  recommended,  but  it  has 
been  quite  impossible  to  secure  this  number  in  all  instances.  Gay,  who 
has  investigated  this  matter  thoroughly  and  has  had  much  experience 
himself  in  administering  various  vaccines,  makes  the  following  state- 
ment: 

"The  doses  employed  in  immunization  have  varied  in  the  hands  of  different  ex- 
perimenters and  have,  in  general,  tended  to  increase  in  number  and  amount  of  bac- 
teria employed.  Whereas  the  first  advocates  of  typhoid  immunization,  Wright, 
Pfeiffer,  and  Kolle,  used  only  one  or  tw^o  injections,  the  number  has  subsequently 
been  increased  by  most  observers  to  three  or  four.  The  size  of  the  dose  is  generally 
increased  on  successive  inoculations,  beginning  with  a  dose  of  125  to  500  million 
of  bacteria,  which  are  estimated  by  one  of  several  methods;  by  counting  the  bac- 
teria in  a  blood-counter,  by  comparison  with  red  blood-corpuscles,  or  better  still, 
by  utilizing  weighed  amounts  of  dried  bacteria.  The  most  frequent  doses  that  have 
been  used  when  three  inoculations  are  given  have  been  500,  1,000  and  1,000  million, 
but  the  total  number  of  bacteria  injected  throughout  the  course  of  treatment  would 
seem  to  be  more  important  than  the  number  of  injections  (Vincent  and  Muratet, 
Landouzy).  Vincent  estimates  that  at  least  2,000  million  should  be  used  in  a  course 
of  treatment,  and  the  number  of  injections  may  be  diminished  from  the  four  which 
he  originally  advocated  to  two,  provided  the  total  number  of  bacteria  injected  re- 
mains the  same.  In  the  British  Army  up  to  the  time  of  the  World  War  it  was  cus- 
tomary to  give  only  two  doses  of  vaccine,  which  were  increased  to  three  in  the 
American  Army  with  distinctly  better  results.  We  understand  that  the  number  of 
injections  has  since  been  increased  to  three  in  the  English  Army  as  well.  In  France 
four  and  even  five  injections  have  been  given,  or,  as  mentioned,  the  same  amount 
in  two  or  three  injections.  We  personally  have  recommended  three  injections  of 
800  million  bacteria  or  one-tenth  of  a  milligram,  but  have  recently  been  led  to 
advocate  increasing  the  number  of  injections  to  four  or  the  size  of  each  dose,  owing 
not  only  to  the  occurrence  of  a  few  cases  of  typhoid  among  civilians  that  had  been 
vaccinated,  but  also  to  the  failure  to  obtain  a  positive  typhoidin  test  after  three 
vaccinations  in  a  few  cases,  although  it  almost  invariably  has  appeared  when  the 
fourth  injection  was  subsequently  given. ' ' 

There  has  been  some  discussion  as  to  the  time  allowed  to  elapse  between 
injections.  It  is  customary  to  make  the  injections  at  intervals  of  about 
seven  days.  This  period  has  been  selected,  because  it  is  believed  to 
represent  the  time  necessary  for  the  maximum  formation  of  antibodies. 
Gay  is  quite  right  in  claiming  that  the  antibodies  are  in  themselves  no 
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measure  of  the  degree  of  protection,  and  he  holds  that  there  is  no  reason 
that  the  inoculation  should  not  be  given  every  second  or  third  day  in- 
stead of  the  longer  period  of  seven  days.  However,  where  large  bodies 
of  men  are  inoculated  as  in  armies,  some  will  develop  more  or  less 
marked  symptoms  and  the  period  of  seven  days  allows  ample  time  for 
recovery  from  the  effects  of  the  previous  inoculation. 

The  symptoms  following  antityphoid  inoculation  are  both  local  and 
general.  When  the  inoculation  is  made  subcutaneously,  as  it  always 
should  be,  and  under  proper  precautions,  consisting  in  the  sterilization 
of  the  surface,  the  local  symptoms  are  generally  confined  to  slight  swell- 
ing with  more  or  less  pain  and  redness  extending  usually  only  a  few 
centimeters  from  the  point  of  injection.  The  general  symptoms  may 
embrace  malaise,  dizziness,  headache,  possibly  vomiting,  and  elevation 
of  temperature,  which  seldom  goes  above  102°  F.  In  our  army  it  has  been 
the  practice  as  soon  as  a  squad  of  men  arrives  at  camp  to  send  them  to  a 
large  building  where  all  are  stripped  and  subjected  to  examination  by  the 
various  specialists.  After  receiving  these  examinations  the  men  pass  in  line 
before  medical  men  who  vaccinate  for  smallpox  and  administer  the  inocula- 
tion for  typhoid  fever.  The  men  are  then  instructed  to  don  their  uniforms 
and  no  duty  is  required  for  the  remainder  of  that  day  and  the  following 
day.  On  the  day  after  vaccination  the  arms  of  all  men  are  inspected.  No 
serious  local  effect  has  been  known  to  occur,  even  when  the  swelling  per- 
sisted for  some  days,  and  in  extreme  cases  when  a  noninfected  abscess 
occurs,  the  recovery  from  the  local  effect  is  prompt  and  without  any 
serious  complication.  In  general  the  second  and  third  injections,  possibly 
on  account  of  the  larger  amount  of  vaccine  used,  give  rise  to  more 
marked  symptoms  than  the  first.  In  civil  life,  certain  organic  diseases, 
such  as  arteriosclerosis,  diabetes,  nephritis,  myocarditis,  pleurisy,  and 
chronic  tuberculosis,  should  be  regarded  as  contraindications  to  typhoid 
inoculation.  It  will  be  understood  that  in  the  army  these  diseases  have 
been  excluded  before  the  inoculations  are  made.  It  has  been  held  by 
Besredka  and  confirmed  by  Gay  and  others,  that  sensitized  vaccines 
produce  less  marked  symptoms  and  are  quite  as  efficient  as  others  in 
giving  protection.  By  sensitized  vaccines  we  mean  typhoid  bacilli  which 
have  been  subjected  to  the  blood  of  animals  immunized  to  typhoid 
bacilli,  subsequently  washed  with  physiologic  salt  solution,  and  then 
killed  by  proper  temperature. 

Gay  defines  a  slight  local  reaction  as  redness  of  the  arm  of  from  40 
to  75  mm.  in  diameter;  a  severe  local  reaction  as  redness  of  the  arm 
over  75  mm.  in  diameter;  a  slight  general  reaction  as  headache,  lassi- 
tude, disturbed  sleep,  loss  of  appetite,  and  rise  in  temperature  to  88° 
C. ;  a  severe  general  reaction  as  chill,  diarrhea,  and  rise  in  temperature 
above  38°  C.     Force,  using  sensitized  vaccines,  found  in  4,845  inocula- 
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tioiis  lliat  slight  local  reactions  were  produced  in  12  per  cent,  severe 
local  reactions  in  3.6  per  cent,  slight  general  reactions  in  24.5  per  cent, 
and  severe  general  reactions  in  only  2.4  per  cent. 

It  is  customary  to  measure  the  effect  of  typhoid  inoculation  by  the 
development  of  antibodies  in  the  blood,  the  agglutinins,  the  lysins,  the 
tropins,  and  the  fixation  antibodies.  Generally,  the  development  of  ag- 
glutinins in  the  blood  is  the  one  thing  relied  upon.  It  has  been  assumed 
that  these  antibodies  measure  the  protective  effects  of  the  inoculation. 
We  hold  with  Gay  that  this  assumption  is  without  warrant,  while  we 
admit  that  it  is  the  only  practical  measure  we  have.  The  development 
of  agglutinins  is,  as  was  first  held  by  Widal,  who  discovered  this  phe- 
nomenon, a  reaction  of  infection  and  not  one  of  immunity.  The  typhoid 
patient  during  the  course  of  the  disease  develops  agglutinins  at  a  time 
when  he  is  certainly  not  immune  to  the  disease.  After  his  recovery  the 
agglutinins  in  his  blood  gradually  decrease  and  disappear  within  a  fcAV 
months  at  most.  After  their  disappearance  the  man  is  in  the  highest 
state  of  immunit}'  to  this  disease  that  can  ever  be  induced  in  the  body. 
The  scientific  explanation  of  the  action  of  typhoid  inoculation  is,  in 
our  opinion,  cellular  and  not  humoral.  By  the  introduction  of  dead 
typhoid  bacilli  the  body  cells  are  taught  and  trained  to  destroy  these 
organisms.  A  new  function  in  the  body  cells  is  developed  and  the  cells 
pour  out  new  secretions  which  are  antagonistic,  specifically  antagonistic, 
to  typhoid  bacilli.  Subsequently,  when  a  few  of  these  organisms  find 
their  way  into  the  body,  the  cells,  already  trained  so  to  do,  pour  out 
their  specific  secretions  and  destro}^  the  invading  organisms  before  they 
have  time  to  multiply  sufficiently  to  induce  the  disease.  The  presence 
of  agglutinins  in  the  body  occurs  at  a  time  when  the  body  cells  are 
being  trained  to  destroy  the  bacterial  cells.  After  this  function  of  the 
body  cells  has  been  fully  developed  and  there  are  no  longer  typhoid 
bacilli  in  the  body,  the  agglutinins  gradually  disappear  from  the  blood. 

Gay  and  his  associates  have  attempted  to  develop  a  method  for  de- 
termining the  degree  of  immunity  to  typhoid  bacilli  possessed  by 
individuals.  For  this  purpose  they  have  used  typhoid  bacilli  precipi- 
tated from  glycerin  bouillon  cultures.  These  are  washed  in  alcohol 
and  ether,  dried,  and  kept  in  sealed  tubes.  This  material,  which  they 
have  called  typhoidin,  is  mixed  with  a  small  amount  of  carbolated  salt 
solution  and  applied  with  a  sterile  toothpick  to  a  minute  abrasion  of 
the  epidermis.  A  local  reaction  follows,  and  this  is  compared  with  the 
reaction  induced  in  another  small  abrasion  on  the  same  individual  to 
which  typhoidin  is  not  applied. 

"A  positive  reaction  consists  in  the  presence  after  4S  hours  of  a  definite  in- 
durated papule  surrounded  by  a  reddish  areola  of  at  least  five  millimeters.  With  the 
test  in  its  present  form  Gay  and  Lamb  obtained  positive  results  in  seventy-five  per 


THE    TYPHOID   FEVERS  341 

cent  of  cases  of  rceordecl  typlioid,  who  liad  suffered  from  the  disease  from  two  to 
twenty-two  years  previously.  Normals  with  no  history  of  typhoid  or  typhoid  vac- 
cination gave  positive  results  in  a  little  over  fourteen  per  cent.'' 

It  is  highly  desirable  that  this  method  of  testing  relative  individual 
immiuiit37^  to  typhoid  infection  should  be  developed.  It  v^ould  supply 
a  means  of  determining  in  a  practical  way  the  effect  of  typhoid  inocu- 
lation in  individuals.  Of  course,  it  will  be  understood  that  the  typhoidin 
test  is  in  no  wa}^  concerned  in  inducing  immunity  to  this  disease.  On 
the  other  hand,  it  offers  a  practical  method  of  determining  to  what  ex- 
tent the  inoculation  has  been  efficacious. 

With  the  discovery  of  the  paratyphoids  and  the  realization  of  the 
fact  that  immunity  to  one  typhoid  fever  does  not  give  at  least  equal 
protection  to  other  typhoid  fevers,  it  became  necessary  to  vaccinate  not 
only  against  Eberthian  typhoid,  but  against  paratyphoid  A  and  para- 
typhoid B  as  well.  To  separately  vaccinate  against  each  of  these  ty- 
phoids, giving  three  inoculations  for  each,  would  be  to  impose  greatly 
increased  labor  on  the  medical  officer  and  multiply  the  discomfort  of 
the  vaccinated.  It  was,  therefore,  decided  to  mix  the  vaccines  and 
give  all  forms  in  one  dose.  This  is  the  method  now  generally  employed, 
each  inoculation  consisting  of  at  least  500  million  Eberthian  bacilli  and 
250  million  each  of  the  paratyphoids.  Neither  the  local  nor  the  general 
sjmiptoms  are  intensified  by  this  increase  in  the.  number  of  bacteria 
administered  at  one  time.  Preparations  containing  the  bacilli  of  the 
three  typhoid  fevers  are  known  as  triple  vaccines,  and  in  our  army  these 
vaccines  are  administered  three  times  at  intervals  of  about  seven  days. 
Each  vaccination  is  recorded  on  a  card  which  the  soldier  carries,  show- 
ing the  date,  place,  and  the  administrator  for  each  injection.  It  is  be- 
lieved that  this  has  been  carried  out  so  thoroughly  that  practically 
none  of  our  soldiers  went  to  France  without  receiving  three  adminis- 
trations of  the  triple  vaccine.  As  the  war  progressed,  however,  a  method 
of  administering  the  three  doses  in  one  was  sought  and  the  so-called 
lipo-vaccine  resulted.  This  preparation  consists  of  the  mixed  bacilli 
in  number  equal  to  that  previously  given  in  three  injections,  suspended 
in  oil,  and  given  in  one  injection.  It  was  believed  that  the  oil  suspen-. 
sion  would  be  more  slowly  absorbed,  the  body  cells  would  be  more  grad- 
ually supplied  with  this  foreign  material,  and  their  education  in  the 
development  of  antibodies  would  be  more  complete.  It  was  found,  how- 
ever, that  it  is  much  more  difficult  to  sterilize  bacteria  suspended  in 
oil  than  when  suspended  in  saline  solution.  There  is  no  evidence  that 
the  lipo-vaccine  did  any  harm  or  that  it  was  less  effective  than  the 
saline  suspension,  but  on  account  of  the  uncertainty  in  sterilization 
the  use  of  the  lipo-vaccine  has  been  discontinued. 

While  vaccination  has  been  a  most  potent  factor  in  the  control  of 
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typhoid  fever,  especially  in  armies  as  shown  by  comparing  the  records 
of  the  World  War  with  those  of  previous  Avars,  it  has  not  wholly  elimi- 
nated this  disease.  Taking  our  own  army  and  comparing  it  with  the 
same  organization  in  1898,  the  medical  officer  in  attempting  to  control 
typhoid  fever  has  in  the  World  War  possessed  three  factors  which  he  did 
not  have  in  1898.  In  the  first  place,  he  has  had  more  authority  and 
he  has  had  more  intelligent  line  officers  with  whom  to  deal.  At  Chicka- 
mauga  in  1898,  a  Major  General  went  ostentatiously  once  a  day  and  drank 
from  a  well  which  had  been  condemned  by  his  own  medical  officer.  In 
the  World  War,  line  officers,  especially  those  of  superior  rank,  were  at 
all  times  willing  to  listen  to  advice  given  by  medical  officers,  and  we 
know  of  no  instance  in  which  such  advice  was  not  followed,  provided  it 
was  sound  and  feasible.  In  the  second  place,  in  1898  every  camp  in  the 
United  States  occupied  for  a  few  weeks  or  longer  was  grossly  polluted. 
In  the  World  War  there  was  no  camp  in  the  United  States,  the  sanita- 
tion of  which  could  be  condemned.  Improvements  in  methods  of  water 
purification,  especially  in  filtration  and  chlorination,  have  been  power- 
ful factors  in  reducing  the  morbidity  and  mortality  from  enteric  disease, 
notably  typhoid  fever  and  dysentery.  In  the  third  place,  vaccination 
against  typhoid  fever  has  so  far  increased  the  soldier's  resistance  to 
this  disease  that  he  does  not  succumb  to  it  except  in  cases  of  massive 
infection.  We  have  no  doubt  that  these  conditions  have  prevailed  in  all 
the  great  armies  engaged  in  the  World  War. 

Unfortunately,  some  medical  men,  especially  was  this  true  of  some 
of  our  medical  officers  in  France,  believed  that  vaccination  gives  ab- 
solute immunity  to  typhoid  fever,  and  consequently  it  happened  that 
they  failed  to  recognize  the  disease  when  it  occurred  among  the  vac- 
cinated. It  is  a  fact  that  in  some  of  the  organizations  in  France  this 
disease  was  not  correctly  diagnosed  until  the  autopsy  was  made.  We 
have  seen  that  even  one  attack  of  this  disease  does  not  give  absolute 
immunity  to  subsequent  infection.  How,  then,  could  we  expect  that 
vaccination  should  furnish  absolute  protection?  Vaccination  against 
typhoid  fever  is  a  most  potent  factor  in  the  eradication  of  this  disease, 
but  as  a  distinguished  French  epidemiologist  has  stated,  it  raises  a 
Ijarrier  which,  however,  is  not  insurmountable.  It  would  be  a  great  mis- 
fortune indeed  if  either  the  medical  profession  or  the  laity  should  get 
the  idea  that  vaccination  does  away  with  the  necessity  of  sanitation. 

A  few  medical  men  first  fancied  that  they  saw  in  cases  of  typhoid 
fever  among  the  vaccinated,  a  modified  and  less  virulent  form  of  the 
disease.  In  every  epidemic,  as  we  have  already  pointed  out,  there  are 
many  mild  cases;  in  some  more,  in  others  less.  More  thorough  and 
scientific  study  of  typhoid  fever  among  the  vaccinated  shows  that  in 
no  particular  does  the   disease  among  these  men,  when  it  does  occur. 
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differ  from  that  wliicli  manifests  itself  among  the  unvaccinated.  The 
death  rate  in  the  two  groups,  while  varying  greatly  in  different  epi- 
demics, is  the  same.  The  complications,  relapses,  sequelae,  are  in  no 
way  different  in  the  two  groups. 

The  late  Major  V.  C.  Vaughan,  Jr.,  who  collected  data  on  typhoid 
fever  in  the  A,  E.  F.,  made  the  following  statement  regarding  this  dis- 
ease as  it  developed  in  the  vaccinated: 

"(1)  Study  of  270  cases  infected  with  Bacillus  typhosus,  all  of  whom  had  re- 
ceived triple  typhoid  vaccine,  leads  us  to  conclude  that  in  those  hospital  cases,  the 
clinical  picture  of  typhoid  in  the  vaccinated  was  similar  to  that  of  the  unvac- 
cinated. Absence  of  leukocytosis,  continued  fever  of  the  usual  course  and  duration, 
rose  spots,  palpable  spleen,  relapses,  and  complications,  all  remained  characteristic 
of  the  disease.  (2)  In  our  series  the  mortality  was  eleven  per  cent.  (3)  Positive 
cultural  results  from  blood,  urine,  and  feces  were  of  about  the  same  percentage 
as  in  nonvaccinated  eases,  and  the  duration  of  the  bacteremia  appeared  to  be  the 
same.  (4)  Cases  infected  within  eight  months  after  vaccination  had  an  average 
severity  (fatal  percentage  combined  with  'severe'  percentage)  of  under  ten  per 
cent.  After  eight  months  the  severity  percentage  gradually  increased.  Our  figures 
for  later  months  are  not  complete  enough  to  allow  us  to  draw  conclusions  as  to  the 
period  of  maximum  immunity.  (5)  The  onset  of  the  disease  was  more  frequently 
acute  when  occurring  within  the  first  month  after  inoculation.  (6)  Sixteen  cases 
with  onset  from  seven  to  twelve  days  after  inoculation  (the  usual  incubation  period) 
were  probably  infected  during  the  interval  after  inoculation.  (7)  The  paratyphoid 
infections,  although  much  milder  as  a  group,  could  not  be  clinically  distinguished 
in  individual  cases  from  straight  typhoid.  They  were  of  much  less  frequent  occur- 
rence than  was  the  latter.  (8)  It  is  probable  that  a  large  number  of  vaccinated 
individuals  were  infected  with  Bacillus  typhosus  and  allied  organisms  who  never 
became  sick  enough  to  require  admission  to  hospital.  In  these  the  immunity  mech- 
anism was  eventually  successful  in  combating  the  infection  so  that  they  did  not 
develop  clinical  typhoid  fever.  Their  epidemiologic  importance  is  recognized.  This 
report  deals  with  the  remaining  cases — those  who  in  spite  of  vaccination  developed 
the  disease.  (9)  Six  possible  causes  of  failure  of  vaccination  to  protect  against 
typhoid  are  discussed,  particular  emphasis  being  placed  on  a  new  clinical  variety, 
called  for  convenience  'backhanded'  typhoid.  (10)  The  incidence  of  the  typhoid 
group  of  diseases  in  the  A.  E.  F.  was  less  than  0.1  per  cent  as  compared  with  twenty 
per  cent  for  the  Spanish-American  "War." 

Tjrphoid  Fever  in  the  World  War. — It  is  too  early  to  even  attempt 
a  detailed  history  of  this  disease  in  the  great  war  so  recently  ended. 
Trustworthy  reports  from  many  armies  are  still  lacking.  The  contrast, 
however,  in  the  prevalence  of  the  disease  in  this  war  compared  with  its 
ravages  in  past  wars  is  so  striking  that  general  statements  may  be 
made  noM^,  provided  permission  is  given  to  fill  out  details  later.  The 
best  report  that  has  come  to  our  hands  concerning  typhoid  fever  on 
the  Western  Front  is  from  Goodall  of  the  British  Army,  who  has  written 
on  ** Enteric  Fever  in  Flanders."  He  states  that  this  disease  was  preva- 
lent, however  not  widely  so,  in  Belgium  at  the  time  of  the  German  in- 
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vasion.  The  swift  advance  of  the  Teuton  hordes,  the  great  desolation 
which  they  wrought,  and  the  economic  straits  into  which  the  Belgians 
were  suddenly  thrown,  all  were  favorable  to  the  rapid  development  of 
this  disease.  Besides,  the  part  of  Belgium  west  of  a  line  drawn  through 
AntAverp  and  Brussels,  was  thickly  populated  and  highly  cultivated, 
furnishing  abundant  human  excreta,  which  was  used  largely  for  the 
purjDOse  of  fertilization.  The  water-supplies  of  villages  and  small  towns 
were  mostly  from  shallow  wells.  In  the  fall  of  1914,  there  were  four 
armies  in  Flanders,  the  British,  French,  and  Belgian  on  one  side  and  the 
German  on  the  other.  Of  these  armies  the  only  one  adequately  vac- 
cinated was  the  British  and  up  to  that  time  it  had  employed  only  the 
Eberthian  vaccine.  According  to  Brims,  there  were  20,000  cases  of 
typhoid  fever  in  the  German  Army  during  the  winter  of  1914-15,  and 
according  to  Goldscheider  and  Kroner,  the  disease  became  epidemic  in 
this  army  on  the  Western  Front  in  September,  1914,  and  reached  its 
height  in  November  of  the  same  year.  Goodall  states  that  there  were 
someAvhere  about  4,000  cases  under  treatment  daily  during  January  and 
February,  1915,  in  Dunkirk  and  its  neighborhood.  Of  Belgian  civilians 
1,000  cases  of  typhoid  fever  passed  through  the  hospitals  in  Ypres  and 
Poperinghe,  while  more  than  1,000  more  were  cared  for  in  their  homes. 
The  British  Army  furnished  827  cases  up  to  May  22,  1915.  British 
medical  officers  had  charge  of  the  epidemic,  especially  among  the  Bel- 
gian civilians,  established  laboratories,  purified  the  drinking  water, 
visited  the  homes,  and  fed  the  people.  Vaccination,  even  among  the 
civilian  population,  was  made  compulsory.  However,  examination  at 
the  laboratories  soon  showed  that  a  large  percentage  of  the  cases  were 
paratyphoids.  For  this  reason,  Goodall  is  inclined  to  attribute  the  suc- 
cess in  eradicating  the  disease  to  sanitary  measures  rather  than  to  vac- 
cination. It  is  generally  believed,  and  probably  is  true  on  the  whole, 
that  the  paratyphoids  are  less  severe  than  Eberthian  infection,  but  at 
one  of  the  hospitals  established  by  the  British,  9.7  per  cent  of  Eberthian 
cases  and  19.2  per  cent  of  paratyphoids  died.  In  another  hospital,  the 
mortalit}^  among  the  paratyphoids  was  only  2.1  per  cent,  while  that  among 
the  Eberthian  cases  was  20.9  per  cent.  A  very  urgent  question  Avas  the 
water-supply.  That  of  Ypres  was  good  before  the  war.  The  water 
tower  remained  undamaged  up  to  April,  1915,  but  the  mains  were  in 
part  destroyed  by  shells.  In  January,  1915,  the  burgomaster  ordered 
the  boiling  of  all  water  used  for  drinking  purposes.  The  English,  how- 
ever, cleaned  a  public  SAvimming  bath  and  used  this  as  a  storage  tank 
for  drinking  water.  Water  from  adjacent  moats,  undoubtedly  infected, 
Avas  treated  with  hypochlorite  of  lime  and  turned  into  the  tank  from 
Avhich  it  Avas  pumped  into  barrels  and  distributed.  From  45,000  to 
75,000  litres  Avere  purified  and  distributed  daily.     Chlorid  of  lime  AA^as 
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fiirnisliecl  to  householders,  together  with  a  spoon-measure  and  a  printed 
card  of  instructions  for  additions  to  water.  Eighteen  hundred  house- 
holders were  supplied  in  this  manner  in  Poperinghe  and  nearby  villages. 
Searching  parties  were  sent  out  and  went  from  house  to  house  seeking 
cases  of  typhoid  fever.  When  found,  patients  were  sent  to  hospital 
and  other  members  of  the  family  vaccinated.  About  6,500  houses  were 
inspected  during  a  period  of  four  months.  So  thoroughly  was  this  work 
done  that  there  was  no  recrudescence  of  the  disease  in  the  region  about 
Ypres  and  Poperinghe  during  the  continuance  of  the  war.  It  is  prob- 
ably of  sufficient  epidemiologic  interest  to  quote  briefly  from  Goodall, 
the  following: 

"Searching  parties  were  formed;  each  party  consisting  of  a  doctor,  four  volun- 
teer orderlies,  four  interpreters,  two  motor  ambulances  with  drivers.  The  search 
was  conducted  systematically,  street  by  street,  house  by  house.  Cases  of  enteric 
were  removed  to  hospital,  unless  they  could  be  safely  left.  The  sanitary  condition 
was  examined  and  investigation  made  as  to  the  water  and  food  supply.  Inoculation 
was  brought  to  the  notice  of  the  inmates  and  urged  upon  them.  For  each  house  a 
card  was  tilled  up,  giving  the  results  of  these  inquiries,  "which  was  handed  in  to 
local  headquarters  of  the  unit  the  same  evening  so  that  a  card-index  could  be  kept. 
A  distinctive  mark  was  placed  on  the  door  of  the  house  for  the  benefit  of  the  sani- 
tary squad,  R.  A.  M.  C,  who  followed  the  visits  of  the  searching  parties.  The 
searching  parties  w^ere  working  under  the  supervision  of  the  sanitary  officer  and 
reports  as  to  the  discovery  of  cases  of  enteric,  the  sanitary  state  of  the  premises, 
etc.,  were  regularly  furnished.  The  sanitary  squad  undertook  the  disinfection  and 
cleansing.  In  Ypres,  at  any  rate,  a  local  contractor  emptied  the  cesspits  and  dis- 
posed of  the  contents  by  burning  or  burial  in  fields  away  from  the  house,  and  exe- 
cuted repairs.  *  *  *  If  we  want  to  attribute  the  (successful)  result  to  any  human 
agency,  I  should  attach  more  importance  to  the  factors  produced  by  the  unusual 
sanitary  measures  than  to  the  inoculations,  because  the  inoculations  were  against 
infection  by  Bacillus  typhosus  and  not  against  infection  by  Bacillus  paratyphosus 
A  and  B.  *  *  *  I  expected  an  epidemic  in  the  winter  of  1915-1916  at  any  rate, 
in  spite  of  the  care  that  had  been  taken  as  regards  water-supplies  and  sanitary 
precautions  generally,  because  if  ever  a  soil  was  saturated  with  the  poison  of  enteric, 
it  was  that  of  Flanders  in  the  winter  of  1914-1915  and  the  foUow^ing  spring;  but  so 
far  as  my  knowledge  goes  there  has  been  no  enteric  worth  mentioning  in  that  region 
since  the  epidemic  which  I  have  discussed." 

We  have  not  been  able  to  find  any  detailed  report  concerning  the 
prevalence  of  typhoid  fever  in  the  English  Army  on  the  Western  Front 
for  the  whole  period  of  the  war.  We  do  find  that  in  1915  there  were  594 
cases  and  in  1916,  893.  It  generally  happens  during  a  war  that  typhoid 
fever  increases  in  the  civilian  population  at  home  on  account  of  its 
spread  by  returned  sick  and  wounded  soldiers.  This  apparently  did 
not  happen  in  England.  The  number  of  cases  of  this  disease  in  England 
before  and  during  the  war  is  indicated  by  the  following  figures : 
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1911—13,852  1914—8,778 

1912—  8,386  1915—6,364: 

1913—  8,263  1916—5,564 

It  will  be  seen  from  the  above  figures  that,  on  the  whole,  there  was 
an  actual  decrease  in  typhoid  fever  among  the  civilian  population  of 
England  during  the  War.    We  do  not  have  the  figures  for  1917  and  1918. 

Further  than  the  statement  already  made  that  20,000  cases  of  typhoid 
fever  appeared  in  the  German  Army  during  the  winter  of  1914-1915,  we 
have  only  the  general  statement  that  during  the  first  year  of  the  war 
5.6  and  during  the  second  year  1.4  per  1,000  in  the  German  Army  were 
afflicted  with  this  disease.  We  suppose  that  these  figures  refer  to  the 
prevalence  of  the  disease  on  both  the  Eastern  and  Western  Fronts. 
Taking  them  as  they  stand,  they  indicate  greater  prevalence  of  this 
disease  in  the  German  Army  than  in  either  the  French,  British,  or 
American  Armies. 

Thanks  to  Vincent,  we  have  a  fairly  complete  history  of  typhoid  fever 
in  the  French  Army  during  the  whole  period  of  the  war.  As  has  been 
stated,  the  French  were  mobilized  so  hurriedly  that  complete  vaccina- 
tion was  at  first  impossible.  In  November,  1914,  an  epidemic  of  this 
disease  appeared  in  the  French  Army  in  the  region  of  Belfort,  It 
spread  rapidly  from  the  Swiss  border  to  the  sea  and  became  alarming 
in  December,  1914,  and  January,  1915,  when  it  reached  a  maximum  of 
7.24  per  1,000.  Systematic  and  thorough  vaccination  was  begun  during 
this  period.  In  February,  1915,  the  figure  had  fallen  to  4.38  per  1,000. 
In  March  it  was  2.49;  in  April  1.6;  in  August  2.37;  in  September  2.65. 
In  February,  1916,  there  was  not  a  case  of  typhoid  fever  in  the  French 
Army.  From  January  to  August,  1917,  the  following  figures  show  the 
prevalence  of  typhoid  fever  in  the  French  Army  per  1,000  men: 

January  —  0.106  May  —  0.036 

February  —  0.048  June  —  0.064 

March  —  0.026  July  —  0.068 

April  —  0.028  August  —  0.063 

Vincent  states  that  for  the  months  from  November,  1914,  to  January, 
1915,  678.6  men  had  typhoid  fever  and  98.6  died  out  of  every  100,000 
men.  He  estimates  that  if  this  rate  had  continued  during  the  38  months 
of  actual  hostilities  there  Avould  have  been  in  the  whole  French  Army 
of  betAveen  four  and  five  million  men  not  less  than  one  million  cases  and 
145,000  deaths.  He  states  further  that  compared  Avith  the  morbidity 
and  mortality  rates  in  the  Avliole  French  population  before  the  war,  the 
morbidity  from  this  disease  in  the  French  Army  Avas  one-seventh  and 
the  deaths  about  one-eighth  of  Avhat  they  were  in  peace  times.  From 
August  3,  1914,  to  September  1,  1917,  the  laboratory  at  Val  de  Grace 
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sent  to  the  front  5,513,073  doses  of  vaccine  to  be  used  on  the  soldiers. 
No  greater  argument  could  be  advanced  to  show  the  value  of  typhoid 
vaccination  when  universally  used.  Without  this  aid  it  would  have  been 
impossible  for  the  French  Army  to  have  continued  in  action.  After 
reading  this,  will  any  one  say  that  preventive  medicine  did  not  prove 
a  potent  factor  in  winning  the  war? 

The  records  of  our  own  army  are  still  more  gratifying,  because  as 
Ave  have  already  stated,  no  soldier  went  from  this  country  to  France 
without  the  protection  afforded  by  typhoid  vaccination.  The  Surgeon 
General  of  our  army  in  his  annual  report  for  the  fiscal  year  ending 
June  30,  1919,  makes  the  following  statement: 

"TYPHOID      FEVER     MOBTALITY- 
-  IN  U.S.  AKMY  (TOTAL)- 

rvj   COr^PAEISO'H      OF     TWO    YEAS    PERIODS. 
E'Ai-TEl    PEE.   100,000. 

CIVIL  WAie  1861-6^  1961. 
SPANISH  WA£  185>8-?9  %7. 
WO£LDWAia  W17-18       5. 

Eeport  of  Surc^eop  General  US.Army  \^|.  t,1919 
Po.<3<£  1009. 

Fig.  27. 

"With  the  same  admission  rates  for  tyj^hoid  fever  in  1917-1918  as  in  1861-1862, 
there  would  have  been  226,001  cases  and  62,694  deaths;  and  with  the  same  rates  as 
in  1898-1899,  291,637  cases  and  30,916  deaths.  As  it  w^as,  there  were  1,083  cases 
and  158  deaths.  At  no  time  during  the  year  was  typhoid  fever  of  any  serious  im- 
portance except  duringi  the  latter  part  of  the  year  1918  in  France.  A  number  of 
cases  appeared  among  the  troops  which  had  been  operating  and  rapidly  advancing 
over  battle  swept  areas  in  heavily  infected  territories.  That  the  artificial  immunity 
of  a  greater  number  of  men  did  not  break  down  is,  indeed,  a  cause  of  congratulation 
and  an  evidence  of  the  high  protective  immunity  conferred  by  the  typhoid  vac- 
cination. *  *  *  It  is  exceedingly  gratifying  to  note  that  for  that  part  of  the 
army  stationed  in  the  United  States  and  for  all  the  men  passing  through  the  camps 
in  the  United  States  during  the  year  1918,  there  were  only  240  admissions  for  en- 
listed men  and  officers.  The  mean  annual  strength  was  1,381,429.  The  annual  rate 
does  not,  however,  give  a  true  picture  of  the  susceptible  material,  for  approximately 
3,000,000  men  passed  through,  the  camps  during  the  course  of  the  year,  and  it  was 
from  this  number  of  men  that  the  240  cases  were  drawn.  The  actual  admission 
rate  for  the  United  States  however,  w^as  0.17." 

The  final  figures  for  the  entire  war  period,  kindly  furnished  us  by 
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the  Surgeon  General  are :  Total  officers  and  men  in  Army,  including 
native  troops,  4,128,478;  total  cases  typhoid  fever,  1,529;  total  deaths 
from  typhoid  fever,  227.  Expressed  as  a  ratio  this  means  that  for  every 
100,000  men  there  were  37  cases  and  5  deaths  from  typhoid  fever.  Stat- 
ing this  in  another  way,  there  was  one  case  of  typhoid  among  2,700  men 
and  one  death  among  18,200  men. 

It  will  be  of  interest  to  briefly  review  one  or  two  instances  in  which 
vaccination  did  fail  on  account  of  massive  infection.  On  June  15,  1918, 
a  company  of  248  men  left  Camp  Cody,  at  Deming,  N.  M.,  en  route  for 
Europe.  One  of  these  men  was  ill  at  the  time  of  departure  and  sub- 
sequently was  found  to  have  typhoid  fever.  At  Meridian,  Miss.,  the 
train  stopped  and  the  men  were  allowed  to  bathe  in  a  small  lake.  Many 
of  them,  including  the  sick  man,  availed  themselves  of  this  opportunity. 
The  drinking  water  on  the  train  was  stored  in  a  barrel  placed  on  the 
platform  of  the  mess  car.  Into  this  barrel  men  dipped  their  cups  and 
drank  the  water,  and  at  the  same  time  immersed  their  hands  more  or 
less.  There  were,  therefore,  two  opportunities  for  massive  infection, 
one  by  the  possible  discharge  from  the  bowels  of  the  sick  man  into  the 
lake  lin  which  the  men  bathed,  the  second  in  the  water  in  the  barrel 
into  which  carriers  probably  immersed  their  hands.  Out  of  the  248 
men,  98  developed  Ebertliian  typhoid  fever,  with  a  case  mortality  of 
13.15  per  cent.  All  of  these  men  had  received  three  inoculations  with 
the  triple  vaccine. 

In  the  spring  and  summer  of  1918,  18  men  at  Camp  Greene,  located 
near  Charlotte,  N.  C,  developed  typhoid  fever.  This  disease  was  preva- 
lent at  Charlotte  during  the  same  time  and  all  of  the  sick  men  visited 
Charlotte  and  partook  of  food  in  its  restaurants  and  ice-cream  parlors. 
There  can  be  no  doubt  that  at  least  some  of  these  men  acquired  the 
disease  in  Charlotte.  It  is  possible  that  others  were  due  to  contact. 
Most  of  the  cases  that  developed  in  the  United  States  were  among  those 
who  reached  camp  already  infected  and  too  late  for  the  vaccination  to 
avert  the  disease.  At  Camp  Shelby,  among  eight  cases;  four  had  received 
no  typhoid  inoculation,  two  only  one  dose,  and  two  had  had  two  inocu- 
lations. Among  the  few  eases  which  developed  at  Camp  Gordon,  it  was 
shown  that  in  every  instance  the  individual  brought  the  infection  to 
camp.  There  was  a  higher  rate  of  this  disease  in  the  small  camps  than 
in  the  larger  ones.  In  the  latter,  the  men  found  everything  the}"  required 
or  desired  to  eat  in  the  camp,  where  food  and  drink  were  protected 
against  contamination.  In  the  smaller  camps  the  men  were  more  likely 
to  eat  and  drink  in  the  neighboring  villages,  where  there  was  no  ade- 
quate protection  of  food  and  drink  against  contamination. 

During  the  summers  of  1917  and  1918,  typhoid  fever  was  widely  dis- 
tributed over  several  areas  in  which  camps  were  located.     These  facts 
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prove  conclusively  that,  even  Avlien  pvotectiou  is  afforded  by  vaccina- 
tion, one  cannot  with  impunity  disregard  possible  infection  of  food  and 
drink. 

In  France,  the  most  serious  infection  in  our  army  occurred  in  a  divi- 
sion in  an  advanced  area  where  the  retreating  enemy  had  left  the  soil 
and  water  heavily  polluted  and  where  for  a  time  the  men  were  com- 
pelled to  drink  water  from  shell  holes  and  wherever  else  found. 

In  our  navy  during  the  year  1918,  there  were  83  cases  of  typhoid 
and  paratyphoid,  resulting  in  9  deaths.  The  admission  rate  was  0.16 
per  1,000,  the  death  rate  1.78  per  100,000,  and  the  case  fatality  rate 
10.84  per  100.  The  Surgeon  General  of  the  navy  in  his  report  for  1919, 
makes  the  following  statement: 

"Typhoid  fever  has  been  present  and  even  prevalent  in  many  eommnnities  sur- 
rounding naval  stations  and  in  many  places  to  which  men  go  on  liberty  and  leave. 
Also  the  vast  majority  of  the  enlisted  personnel  are  within  the  age  period  which 
shows  the  greatest  incidence  of  the  disease.  Nevertheless,  the  admission  rate  re- 
mains very  low  and  the  death  rate  far  below  the  death  rate  for  typhoid  fever  in  tlie 
registration  area  of  the  United  States,  which  in  the  year  1917  was  13.4  per  100,000." 

It  must  be  evident  that  if  sanitation  and  vaccination  could  be  carried 
out  as  universally  and  as  thoroughly  in  our  civil  population  as  has  been 
done  in  our  army  and  navy,  typhoid  fever  would  soon  become  a  rare 
disease  among  us. 

It  was  feared  by  some  that  antityphoid  vaccination  might  render  the 
soldier  more  susceptible  to  other  diseases,  especially  pneumonia.  Some 
medical  officers  held  this  suspicion,  and  consequently  typhoid  inocula- 
tion was  for  a  time  withheld  in  certain  organizations  in  one  camp.  It 
turned  out,  however,  that  there  was  no  more  pneumonia  among  the 
vaccinated  than  among  the  unvaccinated  men. 

The  Eradication  of  Typhoid  Fever. — The  great  reduction  in  the 
prevalence  of  this  disease  already  secured,  and  the  means  by  which 
this  has  been  accomplished,  should  encourage  us  and  point  out  a  way 
for  the  complete  eradication  of  the  disease.  Since  man  is  the  only 
animal  that  has  typhoid  fever  naturall}^  and  since  this  disease  is  trans- 
ferred from  one  man  to  another  only  by  the  transference  of  the  ex- 
cretions of  the  infected  to  the  alimentary  canal  of  the  uninfected,  it 
is  plain  that  we  shall  cease  to  have  typhoid  fever  Avhen  Ave  cease  eating 
and  drinking  the  excretions  of  one  another.  The  excretions  of  recog- 
nized cases  of  typhoid  fever  should  be  thoroughly  disinfected  before 
they  are  disposed  of.  The  bedding  and  clothing  of  the  infected  man 
should  be  likewise  thoroughly  disinfected.  The  floor  and  furniture 
of  the  room  which  he  has  occupied  should  be  cleansed  with  rags  soaked 
in  solutions  of  bichlorid  of  mercury  (1  to  1000),  dilute  carbolic  acid 
water  (2.5  per  cent),  or  dilute  solutions  of  chlorin  or  chlorinated  lime. 
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Physicians  and  nurses  in  administering  to  patients  with  tliis  disease 
should  wear  aprons  of  Avashable  material,  which  should  cover  the  entire 
front  of  the  body.  They  must  disinfect  their  hands  in  sublimate  solu- 
tion, dilute  carbolic  acid,  or  chlorin-water,  and  afterwards  wash  them 
with  soap  and  water.  The  sputum  of  the  patient  should  be  received  in 
paper  cups  and  burned.  All  these  things  the  intelligent  physician  and 
nurse  know. 

As  we  have  pointed  out,  the  greatest  danger  in  the  dissemination  of 
this  infection  is  not  from  the  sick  man  but  from  the  excretions  of  the 
typhoid  carrier,  and  since  we  do  not  know  who  are  typhoid  carriers 
we  must  provide  against  taking  into  our  alimentary  canals  the  excre- 
tions of  any  human  being,  it  matters  not  how  long  and  circuitous  a 
route  these  excretions  have  traveled  from  the  infected  to  the  uninfected. 
All  handlers  of  food  in  hotels,  restaurants,  and  other  public  eating 
places,  should  be  periodically  examined  to  ascertain  whether  or  not 
they  are  carriers.  Moreover,  every  individual  in  an  infected  district 
should  be  regarded  as  a  carrier. 

The  eradication  of  the  paratyphoids  presents  some  difficulties  not 
met  in  dealing  Avith  the  Eberthian  organism.  With  the  last-mentioned 
organism,  the  infection  of  food  or  drink  is  either  directly  or  indirectly 
from  some  infected  person.  The  Eberthian  bacillus  is  not  known  to 
multiply  in  any  of  the  lower  animals,  while  the  paratyphoid  bacilli  may 
and  do  multiply  in  the  intestinal  canal  of  many  domestic  animals,  such 
as  the  dog,  cat,  rabbit,  pig  and  chicken.  According  to  some,  oxen  and 
sheep  should  be  added  to  this  list.  In  dressing  animals  for  food,  para- 
typhoid bacilli  in  the  intestines  may  be  spread  over  the  meat  and  may 
infect  those  who  eat  it.  Food  infection  is  frequent,  especially  with  para- 
typhoid B.  This  organism  produces  in  the  animals  a  soluble  poison  and 
immediately  after  eating  the  infected  food  there  often  is  a  severe  diar- 
rhea, which  is  likely  to  persist  for  some  days,  and  instead  of  ending 
in  recovery  gradually  develops  into  paratyphoid  fever.  Many  instances 
of  food  poisoning  of  this  kind  have  been  reported  and  many  more  have 
occurred  without  being  reported. 

The  paratyphoid  organisms  are  much  more  resistant  to  external  agencies 
than  is  the  Eberthian  bacillus.  The  former  not  only  live  for  a  longer  time 
outside  the  animal  body,  but  they  are  undoubtedly  capable  of  multiplica- 
tion,- especially  in  decomposing  meat.  The  relative  geographical  distribu- 
tion of  the  various  forms  of  typhoid  fever  is  a  matter  of  epidemiologic  inter- 
est. Before  the  War  it  was  well  known  that  the  paratyphoids  were  widely 
prevalent  in  German}^.  It  was  also  known  that  these  forms  were  abun- 
dant in  oriental  countries.  It  appears  that  both  the  Germans  and  the 
oriental  contingents  to  the  allied  armies  infected  a  large  part  of  France 
with  the  paratyphoid  virus.    It  is  possible  that  the  movements  of  soldiers 
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in  the  World  War  will  materially  change  the  relative  geographical  dis- 
tribution of  these  forms  of  typhoid  fever.  There  were  about  260  cases 
of  paratyphoid  in  our  army  on  the  Mexican  Border  in  1916.  Up  to  that 
time  vaccination  had  been  against  the  Eberthian  bacillus  only. 

Drinking  waters  used  in  this  country  are  (a)  cistern  waters,  (b)  sur- 
face waters,  (c)  subterranean  waters.  Cisterns  are  reservoirs  into  which 
water  falling  on  the  roofs  of  houses  is  collected.  The  cisterns  or  reser- 
voirs in  the  northern  states  are  'invariably  under  ground  to  prevent  freez- 
ing. In  some  of  the  southern  states  they  are  built  above  ground.  The 
purity  of  cistern  water  depends  upon  the  cleanliness  of  the  roof  upon 
which  the  rain  falls,  the  conductors  M^hich  lead  to  the  reservoir  and 
the  possibility,  especially  in  underground  cisterns,  of  leakage  into  the 
reservoir.  Cistern  waters  are  used  only  for  individual  families.  The 
water  is  often  highly  contaminated  with  organic  matter  and  rich  in 
bacteria,  but  seldom  is  it  specifically  infected.  Family  epidemics  of 
typhoid  fever  have  been  frequently  observed  and  have  been-  found  to 
be  due  to  leakage  into  the  reservoir.  Some  years  ago  a  small  epidemic 
in  a  fraternity  house  in  Ann  Arbor  was  found  to  be  due  to  specifically 
infected  cistern  water.  One  student  already  infected  with  typhoid 
fever,  returning  from  his  Christmas  vacation,  was  ill  in  the  house  and 
his  excretions  undisinfected  were  thrown  upon  the  ground  near  the 
cistern  and  were  washed  by  subsequent  rains  into  the  reservoir.  Other 
students  in  the  house  contracted  the  disease  from  drinking  this  water. 

By  surface  water,  we  mean  one  which  is  collected  above  the  first  im- 
pervious geological  formation,  and  this  includes  the  waters  of  rivers, 
lakes,  ponds,  and  shallow  wells.  All  surface  waters  should  be  regarded 
as  suspicious  and  should  be  subjected  to  frequent  bacteriologic  examination 
and  to  be  perfectly  safe  should  be  filtered,  chlorinated,  or  boiled.  Village 
and  city  supplies  should  be  filtered  or  chlorinated,  or  carried  through  both 
processes.  It  is  not  safe  to  rely  upon  the  family  to  boil  the  water.  In 
the  selection  of  water-supplies  for  villages  and  cities,  expert  sanitary 
engineers  should  be  chosen,  and  the  care  of  the  filtration  and  chlorina- 
tion  apparatus  should  be  in  the  hands  of  competent  persons.  Bottled 
waters  often  show  a  large  bacteriologic  content,  but  we  know  of  no 
instance  in  which  typhoid  fever  has  resulted  from  the  drinking  of  such 
water,  though  this  possibility  is  by  no  means  excluded. 

The  disposal  of  human  excreta  is  of  prime  importance  in  the  eradica- 
tion of  this  disease.  In  cities  and  villages  water  carriage  is  at  present 
the  only  feasible  method  of  disposing  of  this  waste.  However,  to  build 
sewers  is  not  sufficient;  ordinances  must  require  sewer  connections.  The 
effluent  from  sewers  must  be  rendered  harmless  before  it  is  discharged 
into  any  stream  or  other  body  of  water.    Under  the  head  of  hookworm 
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disease  we  have  discussed  pi'iv}^  vaults  and  other  methods  for  the  dis- 
posal of  human  excreta  in  rural  districts. 

If  antityphoid  vaccination  has  proved  so  successful  in  protecting  the 
American  soldier  against  this  disease,  why  should  not  the  American 
civilian  receive  the  same  treatment?  Certainly,  the  value  of  this  form 
of  vaccination  should  be  explained  to  our  high  school,  college,  and  uni- 
versity students,  and  they  should  be  recommended  to  secure  it.  For 
some  years  this  has  been  done  in  the  University  of  California  under 
the  direction  of  Gay.  Voluntary  vaccination  is  now  offered  to  students 
in  certain  other  American  universities.  However,  it  is  not  likely  that 
this  form  of  protection  will  ever  be  so  effective  among  civilians  as  it 
has  been  in  military  life.  It  will  hardly  be  feasible  to  make  it  compul- 
sory ;  it  is  not  likely  to  be  universally  employed,  and  it  ^^^dll  not  be 
supported  by  the  other  safeguards  against  infection  emploj^ed  in  camp 
and  field.  It  has  been  used,  and  should  be  more  generally  employed,  in 
institutions,  hospitals,  reformatories,  prisons,  asylums,  etc.  Indeed,  some 
most  striking  results  quite  equal  to  those  secured  in  military  life  have 
been  obtained  by  institutional  vaccination.  Hatchel  and  Stoner  vacci- 
nated 5,512  individuals  in  state  institutions  in  Mar^dand  and  found  that 
by  this  procedure  the  morbidity  was  reduced  to  58  per  100,000,  while  in 
previous  years  it  had  run  from  500  to  2,000  per  100,000.  Besredka  re- 
ports that  in  a  French  asylum  there  were  no  cases  of  typhoid  fever  among 
516  vaccinated  individuals,  while  there  were  four  eases  among  434  un- 
vaccinatecl.  However,  Wade  and  McDaniel  report  that  in  a  Minnesota 
asylum,  where  carriers  were  subsequently  shown  to  exist,  there  were  a 
considerable  number  of  cases  among  the  vaccinated  as  well  as  among 
the  unvaceinated,  in  spite  of  a  positive  Widal  in  the  former,  and  they 
correctly  suggest  that  vaccination  alone  is  not  sufficient  to  exterminate 
typhoid  fever  in  institutions. 
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CHAPTER  XII 
ASIATIC  CHOLEEA 

Definition. — This  is  an  acute,  highly  fatal,  intestinal  disease,  due  to 
a  specific  bacillus,  B.  cholerae.  Asiatic  cholera  is  endemic  in  the  Delta 
of  the  Ganges,  from  which  locality  it  has  from  time  to  time,  following 
lines  of  human  travel,  passed  to  the  most  remote  parts  of  the  earth. 

History. — Macnamara  is  inclined  to  believe  that  a  disease  described 
under  the  name  of  vishuka  by  Susruta  who  lived  six  centuries  B.C.,  was 
identical  with  what  we  now  know  as  Asiatic  cholera,  Susruta  describes 
this  disease  as  marked  b}"  severe  purging,  vomiting,  and  consequent 
exhaustion,  suppression  of  the  voice,  sunken  eyes,  coldness  of  the  body, 
and  a  high  fatality.  Certainly,  this  description  fits  Asiatic  cholera  better 
than  any  other  disease  and  Susruta,  who  lived  in  the  region  now  in- 
cluded in  the  Northwestern  Provinces,  states  that  the  disease  was  sporadic 
and  recurrent.  The  first  European  to  describe  Asiatic  cholera  was 
Correa,  a  Portuguese,  who  states  that  during  the  year  1503,  20,000  men 
died  in  the  Aimiyiof  the  Sovereign  of  Calicut,  and  that  this  high  mor- 
tality was  in  part  due  to  a  disease  which  struck  with  so  great  pain  in 
the  abdomen  that  a  man  did  not  last  for  more  than  eight  hours.  The 
same  author  describes  a  similar  epidemic  at  Goa  in  1543',  and  states  that 
so  grievous  was  the  throe  that  a  violent  poison  was  believed  to  be  the 
cause.  In  1563  d'Orta,  another  Portuguese,  described  an  epidemic  in 
Goa,  known  to  the  Arabs  as  haiza,  which  name  is  still  used  by  Arabs 
in  India  to  designate  cholera.  A  Dutchman,  Linschot,  reported  a  highly 
fatal  disease,  characterized  by  severe  purging  and  vomiting,  in  Goa  in 
1589.  The  first  Englishman  to  describe  cholera  in  India  was  Paisley, 
who  wrote  of  an  epidemic  in  Madras  in  1774.  Writing  to  an  army 
officer.  Paisley  said: 

"I  am  happy  to  hear  you  have  occasioned  the  army  to  change  its  gTOund,  for 
there  can  be  no  doubt,  from  the  circumstances  you  have  mentioned,  that  their  situa- 
tion contributed  to  tlie  frequency  and  violence  of  the  attacks  of  this  dangerous 
disease,  which,  as  you  have  observed,  is  true  cholera  morbus,  the  same  they  had  at 
Trincomale. ' ' 

In  1781  an  English  line  officer,  Pearse,  marching  through  the  Dis- 
trict of  Ganjam  -with  5,000  Bengal  troops,  described  his  experience  as 
follows: 

"Death  raged  in  the  camp  with  horror  not  to  be  described,  and  all  expected  to 
be  devoured  by  the  pestilence.  In  vain  I  studied  to  discover  the  cause  of  our  mis- 
fortune.    I    attributed  it    to  a  poison,    but   at  length    found  that    there  had    been  a 
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pestilential  disorder  raging  in  tlie  parts  through.  ivJdch  oar  fast  marcJies  lay,  and  tliat 
part  of  our  camp  was  already  driiiking  the  air  of  death  and  destruction. ' ' 

According  to  Macnamara,  an  epidemic  broke  out  at  Hurdwar  in  1783 
among  pilgrims  and  is  reported  to  have  killed  20,000  within  eight  days. 
This  author,  after  studying  the  history  of  cholera  in  India  prior  to  1816, 
came  to  the  following  conclusion: 

"We  are,  therefore,  I  think,  justified  in  arriving  at  the  conclusion  that  it  was 
nothing  new  for  cholera  to  spread  over  India  in  an  epidemic  form  prior  to  1817  and 
1819.  The  nature  of  the  disease  was  then  for  the  first  time  fully  recognized,  and 
as  the  greater  portion  of  the  country  had  passed  under  our  rule,  British  officers 
were  in  a  position  to  trace  the  progress  of  the  disease  over  the  length  and  breadth 
of  the  land." 

In  1816  this  infection  began  its  first  recorded  travels  and  reached 
countries  so  remote  that  it  could  be  regarded  as  pandemic.  The  time 
assigned  by  Haeser  to  the  first  great  excursion  of  this  infection  ex- 
tended through  seven  years  (1816-1823).  It  traveled  slowly  at  that 
time,  before  the  general  use  of  steam  transportation,  and  did  not  get 
beyond  the  confines  of  Asia  and  Africa.  To  the  east  and  south  it  visited 
Borneo,  Java,  the  Philippines,  and  China.  To  the  west  and  north  it 
spread  through  Arabia,  Persia,  Syria,  Egypt,  and  northern  Africa.  It 
lingered  in  various  localities  some  years,  after  which  it  was  known 
only  in  its  home  until  1826  when  the  second  visitation  began.  This  con- 
tinued for  11  years,  terminating,  according  to  Hirsch,  in  1837.  This 
time  it  spread  over  the  greater  part  of  Europe  and  America.  It  broke  np 
into  parties  which  traveled  different  routes,  some  by  sea  and  some  by 
land.  The  faithfvil  from  Farther  India  brought  it  to  Mecca  where  it 
found  ready  but  slow  transportation  to  all  points  of  the  compass.  Noth- 
ing more  was  knoAvn  of  the  infection  outside  dts  own  domicile  until  1846. 
The  third  pandemic  reached  the  farthermost  parts  of  the  earth  and  lasted 
until  1862.  It  killed  in  France  alone,  in  1853-1854,  nearly  150,000  and  it 
pursued  the  gold  seeker  on  his  Avay  across  the  plains  to  California.  The 
fourth  pandemic  was  well  in  evidence  by  1864  and  continued  until  1875. 
As  the  records  show,  it  found  114,683  victims  in  Prussia  alone  on  this 
trip.  The  fifth  pandemic  began  in  1883,  spread  over  the  Eastern  Hemis- 
phere and  reached  New  York  Harbor,  but  was  refused  admission.  This 
time  the  number  of  victims  in  European  Russia  alone  is  given  at  800,000. 
The  notable  outburst  at  Hamburg  belongs  to  this  period.  In  1902 
cholera  for  the  sixth  time  became  pandemic.  It  was  disseminated  by 
400,000  pilgrims  gathered  together  at  Mecca.  Since  that  time  and  np 
to  the  present  it  has  been  found  in  various  parts  of  Europe  and  has 
repeatedly  reached  our  own  shores,  but  lias  not  been  permitted  to  gain 
a  foothold. 

In  all  these  excursions,  among  all  kinds   and   conditions  of  men,  in 
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every  degree  of  civilization,  in  the  tropics  and  amid  the  snow  and  ice  of 
northern  Russia,  in  the  thronged  city  and  in  the  emigrant's  wagon,  with 
high  and  low,  slave  and  master,  wherever  it  has  traveled,  cholera  has 
maintained  its  individuality  and  has  shown  no  modification  in  manner 
of  attack  or  variation  in  the  symptoms  induced  in  its  victims.  Its  vehi- 
cle of  transport  has  been  man's  body  and  it  has  followed  the  lines  of 


OF    PEATH5 


Gooo 


5ooo 


ASIATIC    CHOLERA  IN 
NEW   TOSK   CITY 

1610  -  1919 


Anoual    "Reporf  Kil-l^    Nea;  YorK  Ciy 
Fig.  28. 


human  travel,  on  foot,  on  horse  or  camel,  by  stage  or  ox  team,  by  steam  on 
land  and  sea.  The  sick  and  dying  have  scattered  its  progeny  around  the 
world.  The  science  of  preventive  medicine  is  the  only  detective  who 
can  trace  this  criminal,  the  only  officer  who  can  arrest  it  and  the  only 
executioner  who  may  finally  remove  it  for  all  time  from  the  earth. 

The  studies  made  of  the  cholera  pandemics  from  1817  to  1870  greatly 
advanced  the  science  of  epidemiology.     The  progress  of  no   other  epi- 
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clemie  disease  has  been  traced  with  the  accuracy  secured  in  these  studies. 
The  exact  pathways  from  Mecca  and  Ilurdwar  through  Asia,  Africa, 
and  Europe,  across  the  Atlantic,  and  to  the  Coasts  of  the  Pacific,  trav- 
eled by  certain  epidemics,  were  accurately  determined,  with  time  re- 
quired for  successive  advances  and  for  occasional  detentions.  The  study 
of  these  epidemics  did  more  than  anything  else  to  show  the  falsity  of 
miasmatic  and  constitutional  theories.  During  the  period  mentioned, 
many  papers  were  written  on  the  epidemiology  of  Asiatic  cholera. 
Among  these  is,  "A  Treatise  on  Asiatic  Cholera,"  by  Macnamara,  pub- 
lished in  1870.  This  book  deserves  to  be  a  classic  in  the  annals  of  epi- 
demiology, although,  so  far  as  we  can  judge,  it  has  been  but  little  read. 
Taking  this  book  as  a  summary  of  the  knowledge  gained  concerning  the 
epidemiology  of  cholera  before  the  discovery  of  the  bacillus,  we  here- 
with condense  certain  statements  and  facts,  amplifying  some  of  them 
with  quotations  from  the  book : 

(1)  Asiatic   cholera  is  a  specific  disease. 

"Cholera  is  a  disease  which  is  generated  at  all  seasons  of  the  year,  among  human 
beings  inhabiting  certain  parts  of  India;  it  is  capable  of  being  disseminated  over 
the  world  through  the  instrumentality  of  the  fomes  of  those  who  have  suffered  from 
the  disease,  though  it  may  be  only  in  a  mild  form,  usually  described  as  cholerine.  *  *  " 
I  need  hardly  say  this  (Asiatic  cholera)  differs  essentially  from  sporadic  cholera,  which 
no  one  ever  supposed  to  be  communicable,  either  in  this  country  or  in  any  other  parts  of 
the  world ;  and  which  evidently  arises  quite  independently  of  any  preexisting  disease, 
usually  from  overindulgence  in  food,  or  from  eating  unripe  fruits,  or  such  like  unwhole- 
some matters.  I  am  quite  prepared  to  admit  that  there  is  an  analogy  between  the 
diseases;  I  believe  they  are  both  connected  with  changes  in  the  epithelial  lining  of 
the  intestinal  canal,  but  in  the  sporadic  form,  there  is  no  evidence  to  show  that  the 
fomes  are  capable  of  setting  up  a  special  and  deadly  molecular  action  in  the  intestines 
of  otherwise  healthy  people,  which  is  characteristic  of  Asiatic  cholera,  giving  rise  to 
the  rice-water  alkaline  stools,  and  the  rapid  death  which  too  frequently  follows  this 
form  of  disease. ' ' 

(2)  Up  to  the  time  of  the  British  occupation  of  India,  cholera  was 
known  only  in  that  country.  This  does  not  mean  that  in  more  remote 
times  it  may  not  haA-e  been  transported  to  other  countries,  but  if  so,  it 
had  died  out  in  the  lands  to  which  it  had  been  carried  and  in  the  begin- 
ning of  the  nineteenth  century  it  existed  in  India  only. 

"A  characteristic  feature  of  epidemic  cholera  is,  that  every  outbreak  of  the 
disease  beyond  the  confines  of  British  India  may  be  traced  back  to  Hindustan, 
through  a  continuous  chain  of  human  beings  affected  with  the  disease,  or  through 
articles  stained  with  their  dejecta.  In  other  words,  the  train  of  phenomena 
resulting  in  cholera  beyond  the  confines  of  India  must  have  commenced  in  this 
country;  consequently,  America,  Europe,  and  the  greater  part  of  Asia  may  justly 
blame  India  for  all  they  have  suffered  from  cholera.  *  *  *  Cholera  has  in 
this  course  invariably  followed  the  routes  by  which  man  travels,  and  if  it  has 
thus  spread  from  country  to  country  by  his  agency,  then  we  may  fairly  assume 
that   it   has   extended   continuously   from  man   to   man." 
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(3)  Cholera  never  originates  de  novo. 

"The  fourth  eliaracteristic  of  cholera  I  have  to  notice  is,  that  no  amount  of  over- 
crowding, no  special  condition  of  the  soil,  nor  any  circumstance  with  which  we  are  ac- 
quainted, has  ever  been  known  to  originate  Asiatic  cholera  de  novo  among  men  removed 
from  its  endemic  influence,  or  unless  the  disease  has  been  ei^idemic  at  the  time  beyond 
the  confines  of  India." 

(4)  The  spread  of  cholera  from  place  to  place  and  from  country  to 
country  has  depended  upon  human  intercourse  between  infected  and 
uninfected  areas. 

"And  here,  again,  let  me  draw  the  reader's  attention  to  the  facts,  that  Aus- 
tralia and  other  large  tracts  of  country  have  as  yet  been  free  from  the  disease, 
and  that  these  places  are  separated  from  India  by  extensive  oceans  or  seas;  on 
the  other  hand,  that  as  our  communications  with  Europe  have  become  more 
constant  and  rapid,  so  has  e^^idemic  cholera  become  more  frequent  in  its  visits 
to  that  continent,  invariably  loursuing  the  route  followed  by  man  in  his  passage 
to  and  from.  India,  halting  for  a  time  in  intermediate  countries,  where  the  seeds 
of  the  disease  have  been  sown  to  bear  fruit  in  due  season,  whence  fresh  germs 
have  been  again  transmitted  to  other  men,  who  have  carried  it  a  step  farther 
towards  the  west.  Thus  has  the  malady  been  propagated  from  one  human  being 
to  another,  until  its  influence  has  spread  from  the  east  as  far  as  the  western 
shores  of  America.  But  cholera  has  never  appeared  in  America  unless  Europe 
has  been  first  affected;  it  has  never  broken  out  in  the  west  of  Europe  unless  the 
eastern  part  of  the  continent  has  been  previously  under  its  influence;  and  it 
has  never  been  generated  in  the  east  of  Europe  unless  correlated  Avith  an  out- 
burst of  the  disease  in  Turkey-in-Asia,  Arabia,  or  Persia;  nor  have  these  countries 
been  affected  until  the  disease  had  previously  burst  out  with  violence  over  Bengal 
and  traveled  by   slow  and  steady  steps  to   the   west  of  India." 

(5)  The  direction  of  the  spread  of  epidemic  cholera  has  been  deter- 
mined by  the  paths  of  human  travel.  In  1865  cholera  broke  out  among 
the  pilgrims  in  Mecca.  It  is  supposed  that  of  90,000  there  assembled, 
more  than  30,000  fell  victims  to  this  disease.  The  60,000,  more  or  less, 
of  those  affected  fled  towards  their  homes.  Thousands  of  them  took 
passage  on  the  Red  Sea  at  Jeddah  and  in  May  of  that  year  arrived  at 
Suez  and  were  transferred  to  Alexandria,  where  the  epidemic  spread 
among  the  natives.  From  Alexandria  the  disease  was  carried  by  ship 
to  Constantinople,  thence  around  both  the  southern  and  northern  shores 
of  the  Black  Sea  to  Trebizond,  Erzerum,  and  other  places ;  also  to  Odessa. 
From  southern  Russia  it  was  transported  into  Germany,  where  it  be- 
came epidemic  in  many  localities.  Other  ships  carried  infected  persons 
from  Alexandria  to  Italian,  French,  and  Spanish  ports.  The  epidemic 
records  of  that  time  permit  one  to  make  an  exact  map  showing  the  dis- 
tribution of  the  disease,  and  in  most  instances  we  are  able  to  name  the 
ship  on  which  epidemic  cholera  traveled.  Even  before  the  Christian  era 
it  had  been  observed  that  epidemic  diseases  usually  traveled  from  east 
to  west.     A  study  of  cholera  epidemics  shoAvs  that  this  disease  traveled 


ASIATIC    CHOLERA  359 

east,  west,  north,  or  south,  or  to  any  point  of  the  compass  to  which  in- 
fected persons  might  turn  their  faces  and  direct  their  steps. 

(6)  Places  along  routes  of  epidemic  travel  to  which  infected  individ- 
uals were  not  admitted  remained  free  from  the  disease.  Land  quaran- 
tine was  not  easily  rendered  effective.  In  1831  great  effort  was  made  to 
keep  the  disease  out  of  Russia.  This  failed,  because  rivers,  l3oth  large 
and  small,  became  infected ;  ultimately,  other  Avater-supplies  also  received 
the  infection,  and  the  disease  traveled  throughout  the  length  and  breadth 
of  the  country.  A  supreme  effort  was  made  to  keep  the  disease  out  of 
St.  Petersburg-,  but  this  also  failed,  and  the  canals  and  river  courses  with 
which  that  city  is  traversed  became  grossly  polluted.  Finally  the  Court, 
with  10,000  attendants,  repaired  to  Peterhoff,  which  was  surrounded 
with  an  armed  guard  and  no  ease  of  cholera  occurred  among  those  thus 
protected.  When  cholera  appeared  at  Montreal  the  soldiers  were  re- 
moved from  the  cit}^  and  stationed  on  a  small  island  in  the  river,  St. 
Helena.  Here  they  remained  and  no  case  of  cholera  appeared  among 
them.  During  the  first  two  European  epidemics  Greece  was  able  to 
isolate  herself  from  the  rest  of  the  world  and  remained  absolutely  free 
from  cholera.  In  1854  that  country,  being  at  the  time  occupied  by  a 
foreign  force,  was  no  longer  able  to  control  quarantine ;  consequently, 
the  disease  found  its  way  in  and  spread  over  the  Avhole  country.  In 
1865  Greece  again  protected  herself  against  this  disease. 

(7)  Cholera  is  not  transmitted  through  the  air  by  the  ordinary  inter- 
mingling of  people. 

"Cholera  is  not  transmitted  from  man  to  man  by  contact,  but  by  an  organic 
infecting  matter,  passed  with  the  evacuations  of  those  affected,  which  must  gain 
access  to  the  intestinal  canal  of  another  person  before  he  can  be  attacked  with 
cholera.  In  this  lies  the  whole  secret  of  an  effectual  preventive  treatment,  for 
evidently,  if  we  can  destroy  organic  infecting  matter  the  instant  it  has  passed 
from  the  patient,  cholera  cannot  spread;  or,  what  amounts  to  the  same  thing, 
if  we  can  prevent  the  infecting  matter  of  the  cholera  dejecta  from  reaching  the 
intestines  of  other  persons,  we  prevent  them  from  getting  cholera.  Our  efforts 
in  this  direction  will  constitute  the  most  truly  scientific  preventive  treatment  of 
this  fearful  disease.  I  appeal  Avith  confidence  to  the  history  of  cholera  for  con- 
firmation of  the  fact,  that  the  disease  has  never  yet  ajipeared  beyond  its  endemic 
area  unless  imported  there  from  India  by  man.  Every  outbreak  of  it  in  Europe 
has  clearly  commenced  in  Lower  Bengal  and  been  carried  directly  by  human 
agency  to  the  four  points  of  the  compass,  south  with  coolies  to  the  Mauritius, 
eastward  to  the  Straits  and  China,  northward  over  the  Himalayas,  and  westward 
right   away   to   Europe   and  America." 

(8)  Cholera  may  appear  simultaneously  or  nearly  so  at  widely  distant 
points  and  still  come  from  the  same  place.  In  1848  cholera  appeared 
practically  at  the  same  time  in  New  York  and  New  Orleans.  There  was 
no  possible  way  by  which  it  could  have  been  carried  from  one  of  these 
places  to  the  other  within  the  time,  and  this  enabled  jpeople  to  say,  as 
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they  had  been  saying  for  centuries  and  some  continue  to  say,  that  an 
epidemic  is  due  to  some  terrestrial  influence, — something  which  vitiates 
the  air  all  around  the  world  at  the  same  time.  Fortunately,  it  turned 
out  that  the  simultaneous  appearance  of  cholera  in  New  York  and  New 
Orleans  could  be  easily  explained.  In  October  and  early  November  of 
1848  German  emigrants  from  a  cholera  infected  district  assembled  at 
Havre.  There  was  no  cholera  at  Havre  at  that  time.  On  the  ninth  of 
November  the  Neiv  York  sailed  for  the  city  of  that  name  with  315 
of  these  steerage  passengers.  She  was  preceded  by  the  Swanton, 
which  sailed  from  Havre  for  New  Orleans  on  the  third  of  November  with 
another  batch  of  these  infected  emigrants.  Cases  developed  on  both 
ships  when  they  Avere  1,000  miles  apart,  and  in  this  way  practically  on 
the  same  day  cholera  cases  appeared  in  New  York  and  New  Orleans. 
In  the  latter  city  the  disease  became  epidemic  and  was  carried  up  the 
Mississippi,  Ohio,  and  Missouri  Eivers  so  far  as  they  were  navigable; 
and  in  the  spring  of  1849  the  seeds  of  this  disease  found  transportation 
in  the  wagons  of  the  gold  seekers  and  its  ravages  followed  the  miner 
into  the  most  remote  camps. 

(9)  Cholera  establishes  itself  and  prolongs  its  stay  in  communities 
the  drinking  water  of  which  becomes  the  bearer  of  the  infection.  One 
of  the  first  to  recognize  this  was  Snow,  who  brought  forward  the  evi- 
dence against  the  "Broad  Street  Pump,"  a  ease  which  has  become  a 
classic  in  the  history  of  epidemiology.  The  excretions  of  a  child  sick 
with  and  finally  dying  from  cholera  were  poured  into  a  drain  within  a 
few  feet  of  this  well.  Investigation  showed  that  the  bricks  of  this  cess- 
pool were  loose  and  that  its  contents  flowed  directly  into  the  well. 
Within  a  few  days  cholera  appeared  among  the  neighbors.  One  day 
there  were  143,  another  168,  new  cases,  and  within  12  days  the  local 
epidemic  had  entirely  ceased.  To  make  the  evidence  against  the  well 
still  stronger,  a  woman,  who  lived  at  Hampstead  and  Avho  suffered  from 
the  delusion  that  no  drinking  water  in  all  England  could  equal  that 
which  came  from  the  Broad  Street  pump,  had  a  bottle  of  this  fluid 
brought  to  her  residence  every  day.  She  and  a  servant  who  partook  of 
the  Broad  Street  water  developed  cholera,  while  there  was  no  other  case 
in  the  neighborhood.  It  is  interesting  to  note  that  the  College  of  Physi- 
cians investigated  the  claim  of  Snow  that  the  disease  was  transmitted 
through  the  water,  and  while  it  admitted  there  Avas  much  to  justif.y 
SnoAv's  belief,  it  was  most  likely  that  the  cholera  poison  Avas  carried 
from  place  to  place  by  the  Avind.  The  truth  of  Suoaa^'s  demonstration 
that  cholera  is  a  Avater-borne  disease  finally  secured  full  recognition, 
and  it  was  this  that  led  to  the  passage  of  the  Metropolitan  Water-Supply 
Act  and  to  the  sand  filtration  of  Avater-supplies.  By  the  time  the  Inter- 
national  Sanitary    Conference   assembled   at   Constantinople   in   1866   it 
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was  generally  agreed  that  Asiatic  cholera  is,  for  the  most  part  at  least, 
a  water-borne  disease ;  indeed,  this  Conference  affirmed  that  cholera  is 
never  known  to  extend  from  place  to  place  faster  than  man  can  travel; 
that  it  never  lingers  in  a  locality  unless  the  water-supply  becomes  con- 
taminated ;  that  it  never  appears  on  board  ship  except  when  the  ship 
leaves  with  infected  persons  or  infected  water. 

(10)  Even  in  sparsely  settled  districts  cholera  is  introduced  and  spread 
by  the  coming  of  infected  individuals. 

"In  the  early  part  of  1852,  extensive  works  of  irrigation  were  in  progress  at 
the  foot  of  the  mountains  in  Kumaon  (a  district  in  the  Northwestern  Provinces). 
Several  thousand  workmen  were  collected  there  from  the  neighboring  hills.  Cholera 
broke  out  among  these  people  with  great  virulence,  and  they  fled  panic  stricken  to 
their  homes,  which  were  generally  at  a  distance  of  several  days'  journey  in  the 
interior  of  the  hills.  Up  to  this  time,  cholera  had  been  unheard  of  in  Gurwhal,  or 
in  any  of  the  neighboring  mountains.  This  is  a  fact  that  was  carefully  inquired 
into  and  thoroughly  ascertained.  .  Many  of  the  work-people  who  fled  from  Kumaon 
died  on  the  way  to  their  homes;  many  others  were  attacked  when  they  reached 
their  villages.  There,  cholera  broke  out  among  the  other  inhabitants  of  the  villages, 
commencing,  in  very  many  instances,  in  the  families  of  the  men  who  had  brought 
the  disease  from  below.  For  a  considerable  time  cholera  was  entirely  confined  to 
places  which  had  been  in  direct  communication  with  persons  suffering  from  the 
disease;  but  in  the  course  of  a  few  weeks  it  had  become  impossible  any  longer  to 
trace  such  connection,  and  cholera  became  generally  epidemic  through  the  hills." 

(11)  In  all  attacks  on  board  ship  it  could  be  shown  that  the  ship  left 
port  bearing  the  infection.  In  this  way  cholera  during  the  Crimean 
War  was  transported  from  France  to  the  Crimea  on  board  French  men- 
of-war.  On  certain  of  the  ships  only  distilled  water  was  used  and  on 
these  there  was  no  cholera.  On  ships  on  which  the  drink  was  not  con- 
fined to  distilled  water  the  disease  was  much  more  prevalent  among  the 
men  than  among  the  officers,  and  it  is  interesting  to  observe  that  this 
difference  was  attributed,  partly  at  least,  to  the  fact  that  the  officers 
drank  wine,  tea,  and  coffee,  while  the  men  had  water  straight  or  diluted 
their  grog  with  infected  water. 

(12)  When  water  is  taken  from  a  tidal  river  a  city  may  suffer  from 
its  own  sewage,  even  though  the  water  intake  is  above  the  city.  This 
was  the  experience  at  Newcastle  in  1853.  The  conditions  existing  at 
Newcastle  at  that  time  were  fully  investigated  and  thoroughly  under- 
stood. At  that  time  Newcastle  took  its  drinking-water  supply  from 
the  Tyne  at  Elswick.  The  sewage  of  the  city  was  carried  by  the  tide 
up  the  river  and  polluted  the  water-suppl3^  This  experience  was  prac- 
tically repeated,  with  most  serious  results,  at  Hamburg  nearlj^  40  years 
later. 

(13)  When  a  city  water-supply^  becomes  infected  with  the  cholera 
virus  there  is  a  sudden  outburst  of  the  epidemic,  which  soon  reaches  its 
maximum  and  then  declines.     The  truth  of  this  was  made  evident  in  the 
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experiences  of  many  cities.  In  1831  on  the  third  day  after  the  first  case 
was  recognized  in  Paris,  patients  were  received  at  the  Hotel  Dieu  from 
every  part  of  the  city  and  nnmhered  many  thousand.  It  was  well  recog- 
nized as  long  ago  as  1831  that  ^vater  contaminated  with  the  cholera  virus 
induces  the  disease  for  a  few  days  and  then  loses  its  infectious  quality. 

"This  theory,  moreover,  includes  what  I  am  convinced  of  as  a  fact,  that  epidemic 
cholera  has  invaiiably  sprung  from  a  preexisting  source  of  disease;  that  it  is  im- 
possible for  it  to  break  out  in  a  locality  beyond  its  endemic  area,  unless  the  organic 
matter  from  another  jiothoti  suffering  from  cholera  has  been  introduced  into  the 
j>]aee  through  the  agency  of  man;  and  that,  as  the  vibrionic  decomposition  cannot 
be  set  up  in  organic  matter,  unless  with  the  aid  of  moisture  and  a  certain  temper- 
ature, so  cholera  depends  greatly  for  its  diffusion  upon  drinking  water  and  the  range 
of  the  thermometer.  Lastly,  this  contaminated  water  must  be  swallowed  during 
a  i>articiilar  stage  of  the  decomposition  of  tlie  organic  matter  in  order  to  produce 
any  i)J  effects,  for  as  oxidation  goes  on  the  water  jjurifies  itself,  and  in  the  course 
of  a  few  days  becomes  innocuous." 

(14)  The  cholera  viras  grows  and  multiplies  in  the  intestine  of  man 
and  leads  to  necrosis  of  the  epithelium,  resulting  in  the  exudation  of 
large  quantities  of  blood  serum  and  the  discharge  of  rice-water  stools. 
Physicians  of  the  time  of  which  we  are  now  writing  made  accurate  and 
thorough  postmortem  examinations  and,  indeed,  established  the  fact 
that  in  Asiatic  cholera  the  most  characteristic  anatomic  lesion  consists 
in  the  destruction  of  the  intestinal  epithelial  cells. 

dSj  Long  before  the  discovery  of  the  cholera  bacillus,  experts  in  the 
study  of  this  disease  knew  quite  well  that  the  cholera  virus  is  highly  sus- 
ceptible to  acids  and  they  emphasized  the  fact  that  the  normal  acidity 
of  the  gastric  juice  plays  an  important  role  in  individual  protection 
against  this  infection  ;  indeed,  a  7)opular  method  of  treatment  at  that 
time  consisted  in  the  administration  of  dilute  sulphuric  acid  continued 
until  acid  stools  became  evident. 

(16)  As  early  as  1848  Budd,  of  Bristol,  England,  not  only  supported 
Snow  in  his  claim  that  cholera  is  largely  distributed  by  drinking  water, 
but  recommended  that  cholera  stools  should  always  be  disinfected.  lie 
made  successful  demonstration  of  this  recommendation  when  in  1865 
he  had  opportunity  to  treat  an  outbreak  of  cholera  at  Bristol.  The  dis- 
infectant which  he  used  for  cholera -stools  is  the  sulphate  of  iron  recom- 
mended on  account  of  its  acidity. 

(17)  It  was  well  understood  by  English  physicians  that  in  endemic 
localities  in  India  the  drinking  water  was  repeatedly,  and  wo  niiyht  say 
constantly,  polluted  specifically  by  the  natives. 

"It  may  not  be  commonly  known  in  Europe,  that  a  native  of  this  country,  after 
an  attack  of  cholera,  will,  as  a  general  rule,  crawl  down  to  the  nearest  tank,  and 
with  the  cotton  cloth  around  his  body — which,  in  all  probability,  he  has  had  on 
during  his  illness — he  wades  into  the  tank  up  to  his  middle;  he  afterwards  divests 
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himself  of  his  cotton  garment,  which  he  proceeds  to  wring  out.  Having  washed  it, 
he  again  coils  it  round  his  loins,  and  walks  out  of  the  water.  Very  probably,  at 
the  time  this  process  is  going  on,  a  man  or  woman  may  be  seen  not  far  off  filling 
an  earthen  pot,  or  a  mussuckful  of  water,  which  is  carried  away  and  employed  for 
drinking  and  other  domestic  purposes.  Eiver  water  may  be  contaminated  in  pre- 
cisely the  same  way.  Lastly,  supposing  the  cholera  patient  dies;  if  a  poor  man, 
his  friends  cannot  afford  fuel  to  burn  the  body;  it  is,  therefore,  for  form's  sake, 
just  singed  with  fire,  and  then  thrown  into  the  nearest  river,  to  contaminate  its 
water  for  daj^s  as  it  iloats  down  stream." 

(18)  Drinking  water  in  any  part  of  the  world  infected  Avitli  the  chol- 
era virus  may  cause  the  disease.  It  Avas  clearly  understood  by  these 
early  students  of  cholera  that  no  amount  of  pollution  in  drinking  water, 
so  long  as  the  specific  virus  was  not  present,  could  cause  Asiatic  cholera; 
on  the  other  hand,  it  was  equally  well  understood  that  no  drinking 
water,  however  pure  it  might  be  naturally,  could  fail  to  be  specifically 
contaminated  on  the  addition  of  cholera  stools  and  become  the  bearer  of 
the  disease. 

(19)  The  fact  that  cholera  is  usually  disseminated  by  infected  drink- 
ing Avater  does  not  exclude  the  possibility  of  infection  being  brought 
about  othenvise.  It  Avas  frequently  obserA^ed  that  laundry  Avomen  be- 
came infected  by  handling  specifically  soiled  garments  and  bed  linen ; 
indeed,  Macnamara  and  other  cholera  experts  of  that  time  believed  that 
dried  cholera  stools  retained  their  infectious  properties  indefinitely. 

(20)  It  Avould  be  relatiA^ely  easy  to  arrest  the  progress  of  cholera 
epidemics,  especially  those  traA'eling  by  sea,  by  moderate  detention, 
examination,  and  disinfection.  The  International  Sanitary  Congress 
held  in  Constantinople  in  1866  provided  for  quarantine  stations  Avhich 
haA^e  continued  to  develop  in  efficiency,  Avitli  occasional  lapses,  up  to 
the  present  time. 

We  haA'e  gone  into  some  detail  concerning  the  facts  learned  about  the 
epidemiology  of  Asiatic  cholera  before  Koch  identified  the  bacillus  of 
this  disease.  We  haA^e  done  this  for  tAA^o  reasons.  In  the  first  place,  aa'C 
wish  to  emphasize  the  fact  that  it  is  not  absolutely  necessary  to  be  able 
to  identify  the  specific  A'irus  of  a  disease  in  order  to  possess  oneself  of 
important  truths  and  practical  measures  in  its  control.  In  the  second 
place,  as  we  haA^e  already  hinted,  a  study  of  cholera  epidemics  has  giA'en 
ncAV  vicAvpoints  for  the  study  of  other  epidemic  diseases ;  in  other  Avords, 
our  increased  knoAvledge  of  the  epidemiology  of  cholera  has  given  us 
basic  facts  in  the  study  of  epidemics  due  to  other  diseases. 

The  Bacillus. — In  1883  the  German  GoA'ernment  sent  a  commission 
with  the  distinguished  bacteriologist,  Robert  Koch,  at  its  head,  first  to 
Egypt  and  then  to  India  to  ascertain  the  cause  of  this  disease.  Many 
months  Avere  spent  in  the  study  of  the  discharges  of  the  sick,  the  post- 
mortem examination  of  the  dead  and  the  iuA-estigation  of  the  food  and 
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drinking  water  of  the  infected.  The  result  was  the  discovery  of  the 
infective  agent,  and  this  has  placed  in  man's  hands  the  possibility  of 
completely  eradicating  this  disease.  The  bacillus  is  a  slightly  curved 
rod,  averaging  about  1.5  microns  in  length  and  one-third  this  in  breadth, 
but  with  many  variations.  Frequently,  many  individuals  are  attached, 
end  to  end,  forming  something  like  the  letter  "S."  It  is  known  as  the 
comma  bacillus  or  the  cholera  vibrio.  It  is  distinguished  from  similar 
vibrios  by  having  a  single  flagellum  or  whip  at  one  end.  Its  rapid 
motility  in  suspension  is  due  to  this  whip.  Sometimes  the  form  is  ovoid, 
often  much  longer  and  shows  a  long  whip.  It  is  easily  recognized  in  the 
stools  by  an  expert  and  the  diagnosis  in  suspected  cases  is  easy  and 
certain.  It  takes  the  ordinary  basic  stains  easily  and  deeply,  but  in 
order  to  stain  the  whip  a  mordant  dye  is  desirable.  It  grows  rapidly  on 
gelatin  plates  at  22°  C.  (71.6°  F.),  forming  within  24  hours,  colonies 
visible  as  small  bright  points. 

Under  a  low  power  the  colonies  appear  like  fine  bits  of  glass  strewn 
over  the  gelatin.  They  are  easily  distinguished  from  colonies  of  Bac- 
terium coli,  found  in  normal  stools,  by  their  greater  refraction.  After 
48  hours  the  gelatin  under  and  about  the  colony  begins  to  liquefy, 
forming  a  small  funnel  or  crater  in  the  bottom  of  which  lies  the  colony. 
Old  subcultures  develop  colonies  on  gelatin  plates  which  are  less  char- 
acteristic than  those  freshly  obtained  from  cholera  stools.  In  gelatine 
stick  cultures  the  bacillus  grows  along  the  line  and  looks  like  a  white 
thread.  Liquefaction  begins  at  the  top  and  extends  dowiiAvard  forming 
a  funnel-shaped  depression.  Colonies  grown  on  agar  plates  are  also 
quite  characteristic.  On  other  media  it  grows  quickly,  especially  so  in 
alkaline  one  per  cent  pepton  solution.  The  cholera  bacillus  does  not 
grow  in  the  absence  of  air  and  consequent!}^  is  known  as  an  obligate 
aerobe. 

The  cholera  bacillus  grows  most  abundantly  at  or  a  few  degrees  above 
body  temperature  and  does  not  wholly  cease  to  multiply  until  the  tem- 
perature is  at  or  below  8°  C.  (46.4°  F.).  Freezing  does  not  destroy  it 
and  it  retains  its  virulence  after  having  been  frozen  in  ice  for  several 
days.  It  is  quickly  destroyed  by  drying.  A  drop  of  bouillon  culture 
placed  on  glass  and  allowed  to  dry  in  the  diffuse  light  of  a  room  shows 
no  growth  when  placed  in  proper  medium  after  two  hours.  AVhen  ex- 
posed to  direct  sunlight,  life  is  destroyed  in  even  less  time.  This  indi- 
cates that  the  bacillus  does  not  form  spores  and  that  the  disease  is  not 
air  borne. 

Boiling  destroys  the  bacillus  instantly;  at  80°  C.  (176°  F.)  five  min- 
utes is  long  enough  to  destroy  its  vitality  and  a  temperature  as  low  as 
55°  C  (131°  F.)  has  the  same  effect  after  half  an  hour.  It  is  also  highly 
susceptible  to  chemical  agents.     One  per  cent  carbolic  acid,  1:3,000,000 
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corrosive  sublimate  and  feebly  acid  solutions  kill  it  within  a  few  min- 
utes. According  to  Harding,  one  part  of  chlorin  to  one  million  parts 
of  water  destroys  the  bacillus  within  15  minutes.  In  distilled  water  it 
soon  dies  but  in  ordinary  drinking  water  or  tank  water,  such  as  is 
used  in  India,  it  may  retain  its  vitality  and  virulence  for  weeks  and  even 
months.  According  to  Hankin,  the  organism  soon  dies  in  the  water  of 
the  Ganges,  which  is  feebly  acid.  How  quickly  it  dies  in  stools  depends 
on  many  conditions,  such  as  dampness  and  light. 

No  lower  animal,  however  intimate  the  contact  with  infected  men 
may  be,  is  known  to  develop  cholera.  This  disease  seems  to  be,  at  least 
under  natural  conditions,  confined  exclusively  to  the  human  species. 
Furthermore,  no  one  has  succeeded  in  inducing  a  true  cholera  in  an 
animal  by  inoculation.  However,  some  of  the  attempts  to  accomplish 
this  purpose  have  been  partially  successful  and  are  of  sufficient  interest 
to  justify  brief  review.  Filter  paper  impregnated  with  cholera  cultures 
or  stools  fed  to  mice  induces  diarrhea,  but  filter  paper  alone  has  the  same 
effect.  This  was  demonstrated  by  Burdon-Sanderson  years  before  the 
discovery  of  the  bacillus.  Large  quantities  of  cholera  cultures  fed  to 
pigs  cause  death,  but  cultures  of  manj^  other  bacteria  produce  like  results. 

Before  1870  Macnamara  had  attempted  to  infect  the  lower  animals 
with  cholera  stools.  He  opened  the  abdominal  cavities  of  dogs  and  in- 
jected rice-water  stools  directly  into  the  small  intestine,  without  result. 

Nikati  and  Rietsch  opened  the  abdominal  cavities  of  guinea  pigs,  tied 
the  bile  duct  in  order  to  exclude  the  bactericidal  action  of  this  fluid, 
and  injected  cholera  cultures  into  the  duodenum.  In  the  intestines  of 
the  recovered  animals  the  cholera  bacilli  multiplied  and  the  epithelial 
lining  of  the  intestines  was  found  altered.  Other  bacteria  behave  in  a 
similar  manner.  Koch  neutralized  the  stomach  contents  with  soda  and 
then  introduced  cholera  culture  into  this  organ  through  a  tube.  At  the 
same  time  the  animals  were  stupefied  with  opium  from  which  they  soon 
recovered,  but  the  next  day  became  ill  and  died  on  the  second  or  third 
day  in  collapse.  After  death  the  intestine  Avas  found  to  contain  a  col- 
orless fiuid  consisting  of  a  pure  culture  of  the  comma  bacillus.  Like 
results  may  be  secured  with  other  vibrios;  indeed,  Metchnikoff  did  bet- 
ter in  his  experiments  on  rabbits  with  the  Vihrio  MaszauaJi  Avhicli  is 
known  to  be  quite  different  from  Koch's  comma  bacillus.  He  polluted 
the  teats  of  a  mother  rabbit  with  this  culture  and  found  that  at  least  half 
of  the  nursing  young  died  of  a  choleraic  diarrhea.  Moreover,  when  the 
sick  young  rabbits  were  placed  in  a  cage  with  healthy  fellows  from 
another  litter,  many  of  the  latter  became  infected.  Thomas  injected 
cholera  cultures  into  the  ear  A'eins  of  rabbits.  After  a  fcM'  days  the 
animals  died  and  inflammatory  changes  were  found  in  the  walls  of  the 
intestines  and  cholera  bacilli  in  the  intestinal  content. 
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Many  bacteria  wlieii  injected  intravenously  find  their  Avay  into  the 
intestine  and  may  induce  the  same  changes  in  the  intestinal  walls.  Chol- 
era cultures  injected  into  the  abdominal  cavities  of  guinea  pigs  cause  a 
fatal  peritonitis.  Many  saprophytic  organisms  will  act  in  the  same  way 
and  quite  as  promptly.  It  is  safe  to  say  that  all  attempts  to  induce  gen- 
uine and  distinctive  Asiatic  cholera  in  the  lower  animals,  made  up  to 
the  present  time,  have  failed,  and  that  Ave  know  no  animal  susceptible 
to  this  disease  under  either  natural  or  experimental  conditions.  To  man 
alone  belongs  the  function  of  serving  as  host,  preserver,  and  distributor 
of  the  comma  bacillus.  Without  man  to  supply  Avarmth,  shelter,  food 
and  transportation,  the  cholera  bacillus  would  soon  disappear  from  the 
face  of  the  earth. 

Ever}"  man  Avho  goes  into  battle  is  not  killed;  likcAvise  not  CA^ery  man 
Avho  swalloAvs  the  cholera  bacillus  becomes  infected  and  of  the  infected 
all  do  not  die.  The  cholera  bacillus  is  highly  susceptible  to  acids,  and 
the  acidity  of  the  stomach  is  a  protectiA^e  agency.  But  the  acidity  of  the 
stomach  is  Avideh"  A^ariable  among  people  and  scarcely  less  so  in  the 
individual  from  time  to  time.  Infected  drink,  taken  Avhen  the  stomach 
is  empty  and  nonacid,  is  likely  to  carry  its  infection  on  into  the  alka- 
line intestinal  content.  Bacilli  protected  by  masses  of  food,  difficvdt  of 
digestion,  may  also  pass  through.  In  the  midst  of  cholera  epidemics, 
many  harbor  the  bacillus  and  distribute  it  in  their  stools  Avithout  being 
at  all  affected  by.  it.  Others  are  only  slightly  ill  and  there  is  cA^ery 
degree  of  gravity  up  to  those  in  Avhieh  the  disease  is  fatal  Avithin  a 
few  hours. 

In  typical  cases  of  cholera  the  bacillus  does  not  find  its  AA'ay  through 
the  intestinal  Avails.  It  multiplies  so  abundanth^  in  the  intestinal  con- 
tent that  it  starves  out  all  other  bacteria  and  after  death  there  is  a  pure 
culture  in  the  intestine.  It  not  only  groAVS  abundantly,  but  its  cells 
speedil}^  die  and  in  doing  so  the  poison  contained  in  their  structure  is 
liberated,  exerts  its  local  effects  on  the  intestinal  Avails,  is  absorbed  and 
produces  the  s,ymptoms  of  the  disease,  and  death.  In  fact,  cholera  as  an 
infection  is  limited  to  the  alimentar}"  canal ;  as  an  intoxication  it  kills. 
There  seem  to  be  exceptional  cases  in  Avhich  there  is  a  general  infec- 
tion, RaboAvski  having  reported  the  finding  of  the  bacilli  in  the  liA^er, 
kidney,  and  heart. 

In  acute  cholera  the  bacillus  is  found  only  in  the  intestine  and  gall 
bladder  after  death.  All  other  organs  and  tissues  are  sterile.  The  intes- 
tine is  converted  into  a  great  culture  flask  from  Avhich  the  chemical 
poison,  elaborated  by  the  bacterial  groAvth,  diffuses  into  the  blood,  Avhile 
the  Avater  from  the  blood  diffuses  into  the  flask.  This  results  in  the  con- 
densation of  the  circulating  blood,  the  drying  out  of  the  tissues,  the 
suppression  of  urine,  perspiration,  saliA^a,  and  even  of  tears.     The  chol- 


ASIATIC    CHOLERA  367 

era  poison,  irritating  the  intestinal  wall,  increases  peristalsis  until  it 
becomes  most  painful  and  leads  to  the  ejection  of  large  volumes  of  rice- 
water  stools.  The  constant  nausea  and  vomiting  render  even  drinking 
quite  impossible.  Through  mouth  and  anus  the  culture  flask  is  dis- 
charged while  it  is  constantly  replenished  by  the  withdrawal  of  water 
from  the  blood  and  tissue.  In  the  acute  form,  a  few  hours  suifice  to  dry 
out  the  tissues  so  thoroughly  that  death  results. 

Several  cases  of  laboratory  infection  with  the  cholera  bacillus  have 
been  reported.  The  first  of  these  occurred  in  Koch's  laboratory  in  1884. 
A  careless  worker  infected  himself.  Dr.  Oergel,  of  Hamburg,  died  from 
accidental  infection  with  the  cholera  bacillus.  Some  half-dozen  addi- 
tional laboratory  infections  have  been  reported.  Besides  these  acci- 
dental infections,  several  have  intentionall}'-  swallowed  cultures.  The  most 
notable  instance  of  this  kind  was  that  of  the  Munich  professors,  Petten- 
koffer  and  Emerich.  They  alkalized  their  stomachs  and  then  drank  the 
dilute  cultures.  The  former  suffered  only  a  severe  diarrhea,  but  the 
other  passed  into  the  algid  stage  with  suppression  of  urine  and  barely 
escaped  with  his  life.  A  similar  instance  occurred  in  Paris  under  the 
observation  of  Metchnikoff.  It  has  been  observed  in  these  cases  that 
the  period  of  incubation  is  short,  from  24  to  48  hours. 

The  cholera  poison,  on  which  much  work,  ending  in  diverse  and  even 
contradictory  conclusions,  has  been  done,  is  probably  the  protein  poison 
found  in  all  proteins.  Ordinarily  this  poison  is  without  effect  when 
given  by  mouth  on  account  of  the  slowness  with  which  it  passes  the  in- 
testinal wall,  but  with  the  lumen  of  the  intestine  fi-lled  with  an  abundant 
cholera  culture,  the  walls  are  so  injured  that  the  poison  is  rapidly  ab- 
sorbed. The  cholera  poison  is  not  more  active  than  that  obtainable 
from  other  bacteria,  both  pathogenic  and  nonpathogenic;  also  from  other 
proteins  both  vegetable  and  animal. 

Sources  of  Infection. — Every  case  of  cholera  means  that  some  one  has 
SAvallowed  bacilli  which  have  come  from  the  stools  of  some  one  else.  The 
route  may  have  been  quite  short  and  direct  or  may  have  been  long  and 
circuitous.  The  bacilli  bred  in  the  intestine  of  one  individual  may  find 
their  way  into  the  mouth  of  another,  or  many  generations  of  bacilli  may 
lie  between  the  two  subjects.  In  all  instances,  the  connection  is  sure 
and  certain.  This  disease  spreads  in  no  other  way.  The  only  infected 
discharges  from  the  cholera  patient  are  those  that  come  from  the  ali- 
mentary canal.  The  vomited  matter  may  contain  virulent  bacilli  but 
this  is  rarely  the  case,  on  account  of  the  great  susceptibility  of  the 
organism  to  acid  solutions.  Practically  the  only  infectious  discharge 
is  the  stool.  Among  filthy  people  the  stool  may  go  quite  directly  to  the 
mouth  by  the  hands.  Mothers  often  infect  their  children  in  this  Avay 
and  sometimes  it  is  transferred  from  child  to  parent. 
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This  contact  infection  is  illustrated  in  the  voj^age  of  the  Carlo  U. 
which  sailed  from  Naples,  August  1,  1893,  for  Brazil,  with  1,472  steer- 
age passengers.  The  ship's  Avater  was  not  infected.  On  the  outward 
trip  cholera  appeared.  On  reaching  South  America  the  vessel  was  not 
permitted  to  dock  and  was  compelled  to  return.  The  double  voyage 
occupied  two  months  and  during  this  time  there  were  141  deaths  among 
the  steerage  passengers.  Scarcely  less  direct  is  the  transference  from 
soiled  clothing  or  bedding  or  when  the  infected  stools  are  deposited  on 
fruits  and  plants  which  are  subsequently  eaten.  The  less  cleanly  people 
are,  the  more  liable  they  are  to  acquire  this  disease. 

Before  the  discovery  of  the  bacillus,  Pettenkof^er  had  observed  that, 
in  its  European  visitations,  this  infection  spared  certain  localities.  These 
were  relatively  clean  places,  such  as  would  not  afford  opportunity  for 
contact  infection.  The  great  outbreaks,  such  as  that  at  Hamburg  in 
1892,  are  due  to  infection  of  the  general  water-supply.  At  that  time 
Hamburg  used  the  unfiltered  water  from  the  Elbe.  At  first  there  were 
a  few  cases  among  those  employed  about  the  M-harves.  Finally  the  pollu- 
tion extended  up  the  river  and  reached  the  city  water-supply.  The  first 
case  was  recognized  early  in  August  and  the  explosion  came  on  the 
twentieth  of  the  same  month  and  by  the  thirty-first  the  number  of  new 
cases  per  day  reached  1,000.  Hamburg  and  Altona  are  one  city,  but 
separated  administratively.  On  one  side  of  the  street  the  houses  are 
in  Hamburg  and  on  the  other  in  Altoona.  The  latter  had  a  separate 
and  uninfected  water-supply  and  was  free  from  the  disease  except 
among  those  who  drank  from  the  Hamburg  water. 

Certain  cities  in  Italy,  notably  Naples  and  Genoa,  have  in  recent  years 
been  mildly  infected  and  the  disease  has  been  kept  alive  by  contact  in- 
fection, but  their  water-supplies  being  free  from  pollution,  severe  out- 
breaks have  not  developed.  Suspected  persons  and  their  families  and 
neighbors  should  be  tested  by  an  examination  of  their  stools  and  kept 
under  observation  so  long  as  these  contain  the  bacilli.  A  convalescent 
may  carry  the  organism  in  his  intestine  and  expel  it  in  his  feces  for  60 
days  after  recovery.  Many  who  do  not  develop  the  disease  carry  the 
bacilli  and  distribute  them  in  their  stools. 

Vaccination. — During  the  prevalence  of  cholera  in  Spain  in  1885. 
Perran  attem]3ted  to  prevent  the  spread  of  the  disease  by  subcutaneous 
injection  of  cultures  obtained  from  stools  and  from  the  intestines  of  those 
dying  of  the  disease.  We  wish  that  we  could  claim  for  this  village 
doctor  in  Spain  a  high  degree  of  scientific  merit  and  the  possession  of 
knowledge  far  in  advance  of  his  time,  but,  after  reviewing  the  volumi- 
nous literature  concerning  his  work,  we  are  compelled  to  conclude  that 
he  was  an  empiric  and  apparently  more  largely  concerned  with  the  noto- 
riety brought  to  him  than  with  the  scientific  aspects  of  the  case.    How- 
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ever,  we  must  give  liim  the  credit  of  being  the  first  to  attempt  to 
vaccinate  against  Asiatic  cholera.  Although  his  results  were  not  scientif- 
ically assembled  it  seemed  to  be  the  impression  of  the  various  scientific 
commissions  who  investigated  his  work  that  his  treatment  actually  was 
of  value  in  the  prevention  of  the  disease. 

In  1893  Haffkine,  after  a  most  elaborate  series  of  experiments  upon 
laboratory  animals,  in  Avhich  he  was  undoubtedly  influenced  by  the  suc- 
cess of  Pasteur  in  the  j)reparation  of  anthrax  and  rabies  vaccines,  pre- 
pared cholera  vaccines  of  definite  strength.  He  selected  highly  virulent 
cultures  of  the  vibrio  and  intensified  these  so  far  as  possible  by  succes- 
sive intraperitoneal  injections  in  rabbits  or  guinea  pigs.  These  organ- 
isms are  grown  on  agar  and  washed  off  with  sterile  broth,  8  c.c.  of  which 
constitutes  a  dose  and  which  is  injected  hypodermically  in  the  groin. 
In  rabbits  and  guinea  pigs  this  preparation  causes  a  severe  local  reac- 
tion which  may  lead  to  extensive  ulceration  and  sloughing.  Seeing  this 
decided  effect  upon  the  lower  animals,  Haffkine  concluded  that  this 
form  of  vaccine  could  not  be  used  in  man  and  he  prepared  a  second 
vaccina  by  growing  vibrios  at  a  temperature  of  39°  C.  He  found  experi- 
mentally that  when  the  milder  vaccine  was  employed  and  some  days 
permitted  to  elapse,  the  stronger  virus  could  be  used  without  inducing 
an  unpleasant  reaction.  For  a  while,  therefore,  he  used  in  a  routine  way 
these  two  vaccines.  Later  he  found  that  the  stronger  preparation  could 
be  used  in  man  without  marked  inconvenience.  Consequently,  he 
dropped  the  second  vaccine  and  for  more  than  25  years  Haffkine 's  prep- 
aration has  been  used  in  India.  Statistics  show  that  this  vaccine  reduces 
liability  to  the  disease  to  about  one-tenth  and  increases  the  chance  of 
recovery  among  those  who  do  acquire  the  infection.  Several  hundred 
thousand  people  in  India  have  been  subjected  to  Haffkine 's  vaccine. 
Powell  states  that  among  6,549  unvaccinated  there  were  198  cases  with 
124  deaths,  while  among  5,778  vaccinated,  similarly  exposed,  there  were 
27  cases  with  14  deaths.  It  is  believed  that  the  protective  effect  of  the 
vaccine  lasts  for  about  one  year  only,  when  revaccination  is  desirable. 

At  the  time  of  the  cholera  epidemic  in  Manila  in  1905,  Strong  prepared 
a  cholera  vaccine  which  consisted  of  the  filtrates  obtained  by  passing 
cultures  through  a  Berkefeld  candle.  Filtrates  were  obtained  from  liv- 
ing cultures  and  from  those  which  had  been  heated  for  one  hour  at 
60°  C,  these  filtrates  being  mixed  in  equal  proportion.  This  prophy- 
lactic is  preserved  in  0.5  per  cent  carbolic  acid  and  is  transported  in 
sealed  glass  tubes.  Two  c.c.  constitutes  a  dose.  So  far  as  we  know, 
Strong's  preparation  has  not  been  used  on  a  large  number  of  people. 
At  the  present  time  Haffkine 's  vaccine,  consisting  either  of  the  living 
organisms  or  of  sterile  cultures,  is  the  one  generally  employed.  During 
the  World  War,  cholera  vaccine  was  largely  employed  in  the  armies  on 
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both  sides.  So  far  as  we  know,  cholera  prevailed  more  or  less  in  the 
armies  of  Eussia,  Serbia,  and  Austria.  From  a  German  source  we  learn 
that  from  May  23,  1915,  to  January  15,  1916,  there  were  22,128  cases  of 
cholera  with  11,787  deaths,  in  the  Austrian  Army.  It  appears  that  up 
to  the  time  of  the  first-mentioned  date,  vaccination  had  not  been  prac- 
ticed. We  have  not  been  able  to  find  any  official  figures  concerning  the 
prevalence  of  cholera  in  other  armies  or  in  the  Austrian  Army  at  other 
times.  Hoffmann  states  that  cholera  vaccination  was  completed  in  the 
German  Army  by  the  end  of  November  1914,  and  that  it  was  successful 
not  only  among  soldiers,  but  in  the  civil  population  as  well.  The  same 
authority  is  responsible  for  the  statement  that  this  disease  Avas  intro- 
duced into  Germany  by  Russian  prisoners  and  that  sporadic  cases  did 
occur  among  civilians,  especially  in  the  eastern  part  of  the  German 
Empire.  It  is  reported  that  an  epidemic  of  cholera  appeared  in  War- 
saAv  in  August,  1914.  Furthermore,  we  have  evidence  that  this  disease 
in  the  first  year  of  the  war  played  quite  an  important  part  in  the  high 
mortality  among  Serbian  soldiers. 

In  1909  Castellani  prepared  a  tetravaccine  for  typhoid,  paratyphoid  A, 
paratjqDhoid  B,  and  Asiatic  cholera,  which  was  introduced  into  the  Ser- 
bian Army  in  1915  with  apparently  good  results.  Castellani  gives  the 
following  method  of  preparing  the  vaccine: 

"The  growth  of  typhoid  cultures  (on  agar)  is  washed  off  Avith  sterile  0.85  per 
cent  solution,  to  which  0.5  per  cent  carbolic  acid  has  been  added;  the  emul- 
sion so  obtained  is  stored  at  room  temperature  (18°to  20°  C.)  for  24  hours,  and  then 
standardized.  To  standardize  it  the  germs  are  counted  by  using  a  Thoma-Zeiss 
apparatus,  and  sufficient  carbolic  salt  solution  is  added  to  bring  the  number  of  germs 
down  to   2,000  millions   jjer  c.c. 

The  standardized  emulsion  is  tested  for  sterility.  The  same  procedure  is  carried 
out  with  paratyphoid  A  and  paratyphoid  B  cultures,  these  two  emulsions  being  also 
standardized  to  contain  1,000  million  germs  per  c.c.  The  above  procedure  is  also 
carried  out  with  cholera,  the  emulsion  of  which,  however,  is  standardized  to  contain 
4,000  million  germs  per  c.c.  The  four  standardized  emulsions  when  found  sterile  are 
mixed  together  in  equal  proportions,  and  the  vaccine  will  therefore  contain  per  c.c: 

Typhoid  500  millions 

Paratyphoid  A                                     250  millions 

Paratyphoid  B                                      250  millions 

Cholera  2,000  millions 

Of  this  mixture,  0.5  to  0.6  c.c.  are  given  under  the  skin  of  the  arm,  or  better  into 
the  loose  tissue  below^  the  angle  of  the  scapula,  the  first  time,  and  double  the  amount 
a  week  later.  A  third  dose,  also  %  c.c,  given  two  Aveeks  after  the  first,  is  of  ad- 
vantage, but  not  essential  for  j^ractieal  purposes.  The  amount  of  agglutinins  for 
each  germ  is  about  the  same  as  if  a  monovalent  vaccine  had  been  injected.  Tlic 
protection  for  cholera  seems  to  last  for  about  six  months." 

It  is  an  interesting  question  how  vaccination  can  prove  of  value  in 
cholera,  since  bacteria  are  confined,  even  in  fatal  cases,  to  the  intes- 
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final  canal.  Up  to  the  present  time  this  cpiestion  can  be  answered  only 
theoretically.  It  is  known  that,  while  the  vibrios  do  not  pass  through 
the  intestinal  walls,  they  do  penetrate  the  epithelial  tissue  of  these 
structures,  and  that  their  presence  in  these  localities  causes  the  blood 
serum  to  flow  into  the  lumen  of  the  intestine;  therefore,  it  is  reasonable 
to  suppose  that  the  blood  serum,  containing  bactericidal  substance,  de- 
stroys the  cholera  vibrios  in  the  epithelial  layers  and  possibly  ma}'  have 
some  destructive  action  upon  those  organisms  remaining  in  the  lumen 
of  the  intestine.  Strong  undertook  the  task  of  determining  whether  the 
rice-water  stools  of  cholera  have  any  specific  bactericidal  action  upon 
the  vibrios.  However,  he  found  this  a  complicated  task  and  was  unable 
to  arrive  at  any  satisfactory  conclusion.  It  seems  quite  certain  that  the 
only  way  in  which  a  vaccine  introduced  subcutaneously  might  protect 
against  such  a  disease  as  cholera  is  by  the  production  of  bactericidal 
substances.  Cholera  is  j)robably  the  most  striking  example  among  all 
diseases  of  the  action  of  the  protein  poison.  As  was  shown  by  the  work 
of  Pfeiffer  many  years  ago,  cholera  cells  are  easily  broken  down  with 
the  liberation  of  a  soluble  poison;  in  fact,  this  experiment  gave  Pf either 
his  ideas  and  concepts  of  endotoxins.  The  most  reasonable  explanation 
is  that  the  cholera  bacteria  are  broken  down  in  the  small  intestine,  either 
in  the  lumen  or  in  the  epithelial  tissue,  with  the  liberation  of  the  pro- 
tein poison  which  is  absorbed  and  causes  the  symptoms  and  death.  For 
the  protein  poison  there  is  no  antibody.  It  follows,  therefore,  that  no 
antitoxin  has  ever  been  found  for  the  treatment  of  this  disease,  and  it 
is  not  at  all  likely  that  any  such  body  will  eyer  be  found.  As  has  been 
demonstrated  by  laboratory  exj)eriments,  minute  doses  of  the  protein 
poison  elevate  the  temperature,  Avhile  large  doses  depress.  As  was 
shown  by  Chevers  many  years  ago,  Asiatic  cholera  is  a  febrile  disease, 
notAvithstanding  the  fact  that  the  temperature  in  the  axilla  and  in  the 
mouth  is  generally  below  the  normal  and  in  the  algid  stage  it  may  fall 
as  low  as  34°  0.  This  is  exactly  what  the  protein  poison  does  when 
thrown  into  the  body  in  lethal  doses.  In  another  respect  cholera  resem- 
bles protein  poisoning.  The  rhythm  and  force  of  the  heart  beats  are  but 
slightly  disturbed.  The  pulse,  even  in  the  last  hours,  generally  runs 
from  80  to  100,  seldom  reaching  120,  and  in  practically  all  instances 
varies  but  little  in  its  normal  rhythm.  Now  we  can  understand  how 
vaccination  may  increase  the  resistance  to  infection  with  the  vibrio  of 
cholera ;  that  when  this  organism  reaches  the  intestine  in  small  numbers 
the'  epithelial  cells  of  the  intestinal  walls  may  pour  out  a  bactericidal 
substance  which  kills  the  invading  organisms  before  they  have  time  to 
multiply  sufficiently  to  furnish  a  lethal  dose  when  they  are  disrupted. 
Whatever  the  explanation,  vaccination  against  Asiatic  cholera  has  ap- 
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parently  demonstrated  its  value  and  shown  itself  as  an  important 
adjunct  to  sanitation  in  the  prevention  of  this  disease. 

Recognition. — During  the  prevalence  of  this  disease,  diagnosis  of  in- 
dividual cases  is  easy.  The  sudden  collapse,  the  rice-water  stools,  the 
vomiting,  the  algid  stage,  and  the  high  fatality,  can  leave  no  room  for 
doubt.  It  is  when  unsuspected  that  cholera  may  escape  detection.  In 
such  instances  a  microscopic  examination  of  the  stools  is  generally  suffi- 
cient. It  is  true  that  there  are  other  vibrios  which  closely  resemble  that 
of  Asiatic  cholera,  but  when  a  smear  made  from  a  characteristic  stool 
shows  this  organism,  at  least  a  tentative  diagnosis  is  justified.  As  a 
rule,  it  is  sufficient  to  make  a  smear  from  the  rice-water  stool  and  exam- 
ine it,  properly  stained,  under  the  microscope.  This  is  sufficient  in  the 
great  majority  of  instances  for  a  preliminary  diagnosis.  Of  course,  in 
cases  of  doubt  it  should  be  followed  up  by  further  investigations.  A  bit 
of  stool  placed  in  pepton  water  and  kept  in  the  incubator  for  24  hours 
shows  a  pellicle,  which  frequently  consists  of  a  practically  pure  culture 
of  the  organism.  The  cholera-red  reaction  may  be  obtained  in  pepton 
solution  after  from  six  to  tAvelve  hours'  growth  at  37°  C.  This  color  is 
developed  by  the  addition  of  a  few  drops  of  pure  sulphuric  acid  to  the 
culture  and  is  due  to  the  presence  of  indol. 

Specific  serum  easily  obtained  by  the  previous  treatment  of  rabbits 
or  other  animals  with  the  vibrio  is  valuable  for  diagnostic  purposes  and 
agglutinates  the  vibrio  in  high  dilution.  In  order  to  prepare  such  a 
serum  repeated  doses  of  living  cholera  bacilli  are  injected  intravenously 
into  rabbits  at  intervals  of  two  or  three  days.  Seven  days  after  the  last 
injection  the  animal  is  bled  to  death  and  the  serum  obtained  may  be 
preserved  in  sterile  receptacles  by  the  addition. of  0.5  per  cent  carbolic 
acid.  In  this  manner  a  serum  which  will  agglutinate  the  cholera  vibrio 
in  dilutions  as  high  as  1  to  15,000  may  be  obtained.  Strong  found  that 
a  single  intravenous  inoculation  of  a  rabbit  with  the  immunizino-  sub- 
stances extracted  from  seventy  milligrams  of  a  virulent  cholera  organ- 
ism furnishes  a  serum  of  sufficient  value  for  all  practical  diagnostic  pur- 
poses. Such  sera  generally  show  an  agglutination  value  of  from  1  to 
1,000  to  1  to  2,000,  sometimes  falling  as  low  as  1  to  800.  The  application 
of  the  agglutination  test  is  relatively  simple.  Pepton  water  is  inocu- 
lated with  a  small  bit  of  the  suspected  feces  and  allowed  to  develop  at 
37°  C.  for  six  hours  or  longer.  A  subculture  is  made  from  this  growth 
into  the  same  medium  and  after  this  has  developed,  the  application  of 
the  agglutination  serum  may  be  made. 

Paraoholeras.- — By  the  employment  of  specific  agglutinating  sera  it 
has  been  demonstrated  that  there  are  many  strains  of  the  cholera  vibrio 
which  may  cause  the  disease.  This  matter  has  been  investigated  by 
Mackie  and  Storer  in  Egypt.     Studying  the  bacteriology  of  a  small  epi- 
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cleniic  at  Alexandria,  these  investigators  isolated  two  species  which  they 
proposed  should  he  designated  as  V.  cholerae  A  and  B.  Concerning 
these  strains,  the  following  statement  is  made : 

"It  will  be  seen  from  the  bacteriologic  description  that  these  vibrio  strains 
closely  resemble  in  many  of  their  characters  the  V.  cholerae  but  that  they  are 
differentiated  chiefly  by  their  serologic  reactions.  As  regards  the  general  cultural 
characters  any  difference  which  exists  is  quantitative  rather  than  qualitative;  thus 
the  liquefaction  of  gelatin  and  solidified  scrum  is  more  marked  and  the  growth  of 
the  various  media  more  abundant.  The  biochemical  characters  are  in  general 
similar.  Hemolytic  test  distinguishes  these  strains  from  the  classical  cholera 
vibrio,  but,  on  the  other  hand,  varieties  of  the  cholera  vibrio  which  respond  to 
certain  of  the  specific  reactions  have  been  shown  to  be  hemolytic.  *  *  *  it  has 
been  disputed  by  various  observers  whether  agglutinability  of  a  cholera  vibrio  by 
an  anticholera  serum  is  a  fixed  and  constant  character.  Thus  it  was  shown  by  Crcn- 
diropoulo  how  inagglutinability  might  occur  in  the  human  body;  he  found  that 
agglutinable  vibrios  in  the  feces  were  succeeded  after  a  time  by  agglutinable  vibrios 
in  the  bile.  Greig  has  shown  how  an  inagglutinable  water-vibrio  after  isolation 
from  the  bile  from  an  experimental  animal  tended  to  alter  its  morphologic  and  sero- 
logic characters;  so  that  it  approached  more  closely  to  the  standard  Vibrio  cholerae. 
Chalmers  and  Waterfield  in  a  recent  paper  discussed  fully  the  biologic  classification 
of  the  various  types  of  vibrios  and  concluded  that  the  evidence  was  in  favor  of  the 
agglutination  test  as  a  suitable  means  of  differentiating  the  cholera  group  from 
other  vibrios." 

Greig  has  reported  upon  the  examination  of  the  stools  in  659  cases  of 
cholera  at  Calcutta.  He  found  that  the  intravenous  injection  into  rab- 
bits of  atypical  cholera  vibrios  produced  a  serum  which  does  not  agglu- 
tinate the  standard  cholera  vibrio,  while  it  does  agglutinate  the  atyp- 
ical strain  with  which  the  animal  has  been  treated.  By  this  process  he 
isolated  65  strains  and  was  able  to  classify  62  of  these  in  nine  groups. 
In  these  groups  he  found  that  No.  2  was  most  frequently  met  with  in  the 
stools  of  cholera  cases  in  Calcutta  at  the  time  of  his  investigation.  It 
is  too  early  to  speak  positively  concerning  the  paracholera  vibrios.  It 
appears,  however,  that  there  are  many  atypical  cholera  vibrios  and  that 
these  can  be  distinguished  from  the  Koch  organism  and  from  one  an- 
other by  specific  sera. 

Cholera  Carriers. — The  importance  of  cholera  carriers  depends  largely 
upon  the  possibility  of  the  continued  existence  of  the  vibrios  in  the 
body  after  recovery  from  the  disease.  Greig  has  furnished  the  most 
important  contributions  to  this  subject.     He  says: 

"If  the  cholera  vibrio  is  an  inhabitant  of  the  intestine  only  and  does  not  gain 
access  to  the  biliary  passages  as  stated  in  a  standard  textbook  of  bacteriology,  a 
view  which  is  very  generally  held  at  present,  then  the  conditions  for  the  prolonged 
life  of  the  organism  in  the  body  of  the  host  after  recovery  from  the  acute  attack 
would  be  much  less  favorable,  as  the  delicate  couuna  bacillus  would  have  to  enter 
into  a  struggle  with  the  other  intestinal  and  putrefactive  organisms,  and  that  too 
in  an  unfavorable  medium.     Although  an   acute  or  temporary  carrier  might  result. 
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the  possibility  of  a  permanent-  chronic  cholera  carrier  being  produced  in  these  cir- 
cumstances would  be  islight.  On  the  other  hand,  if  it  can  enter  the  gall  bladder  it 
finds  there  ideal  conditions  for  its  prolonged  life,  namely,  the  absence  of  other  com- 
petitors and  a  suitable  alkaline  medium;  indeed,  Ottolenghi  has  recently  recom- 
mended bile  as  a  selective  medium  for  enriching  the  comma  bacillus  in  place  of 
po]»ti)u  water  and  I  can  confirm  the  value  of  this  medium  from  my  experience. 
My  researches  have  demonstrated  that  the  cholera  vibrio  can  enter  and  live  in  the 
bile,  and  the  fact  that  it  does  so  increases  the  chances  of  the  production  of  the 
chronic  cholera  carrier.  From  the  point  of  view  of  the  prevention  of  cholera  the 
chronic  carrier  is  a  much  more  serious  problem  to  deal  Avith  than  an  acute  carrier,  al- 
though the  latter  is  by  no  means  Avithout  sigTiificance  and  both  deserA'e  close  con- 
sideration. An  apparently  healthy  x^erson,  Avhethcr  convalescent  or  contact,  harbor- 
ing the  cholera  vibrio  in  the  gall  bladder,  is  dangerous  in  a  high  degree,  because 
he  is  liable  to  start  fresh  foci  of  infection,  it  may  be  in  various  widely  separated 
places  to  which  he  may,  travel,  and,  possibly,  retain  in  his  body  the  organism  of 
cholera  for  prolonged  periods.  Such  a  person  acts  as  a  reservoir  of  the  virus. 
Owing  to  the  fact  that  the  recovery  from  cholera  is  remarkably  fast  and  that 
the  patients  are,  as  a  rule,  discharged  at  the  first  opportunity  from  hospital,  there 
is  much  greater  danger  in  this  disease  of  highly  infectiA'e  persons  returning  to  the 
community  than  in  enteric  fever,  in  which  the  convalescence  is  slower. ' ' 

So  keen  an  observer  as  Eogers,  stated  in  1911  that  the  absence  of 
infection  of. the  gall  bladder  and  bile  ducts  by  the  comma  bacillus  placed 
the  disease  in  this  respect  in  quite  a  different  position  from  that  of 
typhoid  fever.  It  seems,  however,  that  later  and  more  careful  investi- 
gation has  shown  that  Rogers  Avas  in  error  in  making  this  statement. 
Greig  found  from  his  studies  that  3.6  per  cent  of  cases  of  cholera  in 
India  are  discharged  from  hospital  in  an  infective  condition.  Further- 
more, he  has  traced  local  outbreaks  to  carriers.  While  the  statement 
is  generally  made  that  cholera  bacilli  do  not  penetrate  the  intestinal 
walls  and  reach  the  blood  or  lymph,  Greig  has  found  the  comma  bacillus 
in  the  urine  in  eight  cases  out  of  55  in  which  this  test  was  made.  It 
follows  from  this  that  the  danger  of  Hie  cholera  carrier  to  the  communi- 
ties which  he  visits  is  comparable  with  that  of  the  typhoid  carrier.  The 
length  of  time  during  Avhich  the  vilirio  can  be  recovered  from  the  stools 
of  those  convalescing  from  this  disease  is  variable.  Reporters  on  this 
point  give  the  time  as  ranging  from  a  few  up  to  90  days.  During  the 
epidemic  in  Petrograd  in  1910  the  proportion  of  carriers  reached  six 
per  cent.  Even  higher  figures  have  been  recorded  in  Austria  and  Rou- 
mania,  but  these  are  based  upon  numbers  too  small  to  justify  unques- 
tioned acceptance.  However,  the  epidemiologic  importance  of  cholera 
carriers  has  evidently  been  underestimated  in  the  past.  According  to 
Anderson,  during  the  summer  of  1911,  34,000  specimens  of  bowel  dis- 
charges from  passengers  and  crews  from  cholera  infected  ports  were 
examined  baeteriologically  to  detect  cases  of  cholera  or  carriers.  As  a 
result,  at  the  New  York  quarantine  the  cholera  vibrio  was  isolated  from 
28  persons  sick  with  the  disease  and  from  27  who  were  apparently  in 
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health.  During  the  same  summer  seven  cases  of  cholera  were  detected 
by  bacteriolog'ic  examination  at  other  ports  in  this  country. 

Quarantine  Prevention. — The  U.  S.  Public  Health  Service  has  rendered 
the  people  of  this  country  a  great  good  by  the  efficiency  with  which  it 
has  excluded  this  disease,  which  has  repeatedly  in  recent  years  reached 
our  ports  of  entry.  Medical  officers  have  been  stationed  at  foreign  ports 
tributary  to  infected  districts.  For  instance,  during  1911,  U.  S.  Public 
Health  officers  were  stationed  at  Naples  and  Genoa,  cholera  existing  at 
both  places  at  the  time.  All  steerage  passengers  were  detained  and  held 
under  observation  for  five  days  before  being  permitted  to  embark  for 
this  country.  Fortj^-one  carriers  were  discovered  among  those  seeking 
passage  to  our  shores  at  Italian  ports.  All  baggage  was  disinfected  and 
the  bringing  of  foodstuff^s  on  ships  by  immigrants  was  prohibited.  Dur- 
ing the  voyage  two  medical  officers,  the  Italian  emigrant  commissioner 
and  the  ship's  surgeon,  kept  all  passengers,  especially  those  in  steerage, 
under  observation,  being  equipped  for  making  bacteriologic  examination 
of  the  stools.  The  arrival  at  port  in  this  country  of  cases  of  suspicious 
illness  was  reported  and  all  steerage  passengers  from  places  infected 
Avith  cholera  Avere  submitted  to  bacteriologic  examination.  In  New  York, 
ships  from  infected  shores  were  held  at  quarantine  stations  and  all 
cholera  cases  and  carriers  were  transferred  to  Swinburne's  Island,  where 
the  sick  were  kept  until  recovery  and  where  no  one  was  released  until 
repeated  examination  showed  that  he  was  no  longer  a  carrier.  To  these 
precautions  we  owe  our  freedom  from  this  disease  at  a  time  during  which 
it  had  been  widespread  in  other  parts  of  the  Avorld.  In  more  recent 
years,  and  especially  during  the  great  war,  our  quarantine  provision 
against  the  admission  of  cholera  has  been  effective  not  only  at  our  Atlan- 
tic ports,  but  on  the  Pacific  Coast  as  well.  During  the  years  1917-1919, 
cholera  has  prevailed  more  or  less  extensively  in  China,  India,  Japan, 
Persia,  Palestine,  the  Dutch  East  Indies,  Siam,  and  the  Philippine  Islands. 

Fly-Borne  Cholera. — Long  before  the  discovery  of  the  cholera  bacillus 
it  was  suspected  that  the  house-fly  might  be  concerned  in  the  distribu- 
tion of  this  disease.  In  describing  his  experience  with  cholera  which 
prevailed  on  the  Island  of  Malta  in  1850,  Nicholas,  an  English  naval 
surgeon,  wrote  as  follows : 

"My  first  impression  of  the  possibility  of  the  transfer  of  the  disease  by  flies 
was  derived  from  the  observation  of  the  manner  in  which  these  voracious  creatures, 
present  in  great  numbers,  and  having  equal  access  to  the  dejections  and  food  of 
the  patients,  gorged  themselves  indiscriminately  and  then  disgorged  themselves  on 
the  food  and  drinking  utensils.  In  1850,  'the  Superb'  in  common  with  the  rest 
of  the  Mediterranean  squadron  was  at  sea  for  nearly  six  months;  during  the  greater 
part  of  the  time  she  had  cholera  on  board.  On  putting  to  sea,  the  flies  were  in 
great  force;  but  after  a  time  the  flies  gradually  disappeared  and  the  epidemic  slowly 
subsided.     On  going  into  Malta  Harbor,  but  without  communicating  with  the  shore, 
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the  flics  returued  in  greater  force  and  cliolera  also  with  increased  violence.  After 
more  cruising  at  sea  the  flies  disappeared  gradually  with  the  subsidence  of  the 
disease." 

In  1886  Jepson  called  attention  to  the  fact  that  cholera  is  most  abun- 
dant at  times  and  places  when  and  where  house-flies  most  abound.  In 
studying  cholera  in  north  China  in  1902,  Tsuzuki  captured  flies  in  houses 
where  there  were  cholera  patients  and  succeeded  in  isolating  cholera 
vibrios  from  them.  In  1892  a  Russian  physician  isolated  cholera  bac- 
teria from  the  dejections  of  flies.  This  observation  has  been  repeated 
many  times  in  different  parts  of  the  world.  While  great  epidemics  of 
Asiatic  cholera  are  due  to  infected  water-supply,  sporadic  cases  are 
caused  in  many  instances  by  contact,  either  direct  or  indirect,  and  in 
the  latter  the  house-fly  may  play  an  important  role. 

Inununity. — What  degree  of  immunity  to  this  disease  is  afforded  by 
one  attack  we  do  not  know  positivel}^,  but  it  is  probably  about  the  same 
as  that  observed  in  typhoid  fever.  Since  we  have  learned  that  there  are 
at  least  two  or  more  species  of  the  cholera  vibrio  and  from  our  experi- 
ence with  typhoid  and  the  paratyphoids,  it  is  evident  that  no  great  reli- 
ance can  be  placed  upon  immunity  conferred  by  one  attack.  It  has  been 
observed  in  cholera,  as  well  as  in  typhoid  fever,  that  visitors  coming  to 
localities  with  infected  water-supplies  are  more  likely  to  have  and  to 
succumb  to  the  disease  than  the  natives.  Writing  on  this  point,  Brad- 
dock  makes  the  following  statement : 

"There  is  immunity  in  Asiatic  cholera  as  in  yellow  fever.  In  the  latter,  in  the 
tropics,  the  nonimmunes  are  the  newcomers  to  the  countr3^  It  is  also  so  with 
cholera.  The  people  in  Bangkok,  a  city  of  600,000  people,  bathe  in  filthy  klongs 
or  canals  of  the  city,  drink  filthy  water  from  babyhood,  the  custom  being  to  bury 
persons  dying  of  cholera  instead  of  cremating  them;  and  therefore  the  water  is  infected 
a  great  part  of  the  year.  Very  few  of  the  Siamese  born'  and  raised  in  Bangkok,  get. 
cholera,  unless  there  is  a  general  epidemic,  but  the  visitors  from  the  Malay  Penin- 
sula, the  Chinese  coolies  f*rom  China,  and  the  Laos  and  Karens  from  the  north 
of  Siam  are  the  usual  victims  when  moving  to  Bangkok  or  visiting  the  city,  and 
this  I  quote  from  personal  observation.  There  is  always  some  cholera  in  Bangkok, 
but,  of  CQurse,  always  worse  in  the  dry  season.  At  a  time  when  there  was  no 
cholera  in  the  city  a  governor  of  one  of  the  Malay  Provinces  visited  the  town  with 
a  large  retinue  of  Malay  servants,  who  were  used  to  the  clear  mountain  streams  of 
the  Peninsula.  In  ten  days  the  whole  retinue  were  dead  of  cholera.  *  *  *  It  is  a 
common  saying  in  the  north  of  Siam,  '  if  you  go  to  Bangkok  you  die. '  ' ' 

We  can  hardly  agree  wih  the  above-mentioned  author  that  the  immu- 
nity in  Asiatic  cholera  is  comparable  to  that  induced  by  one  attack  of 
yellow  fever.  It  is  more  likely  comparable  to  the  increased  resistance 
induced  by  one  attack  of  typhoid  fever. 

Period  of  Incubation. — We  cannot  speak  positively  on  this  point. 
There  are  wonderful  stories  told  about  the  quickness  with  which  death 
follows  infection.     However,  the  trouble  in  accepting  these  is  that  we 
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do  not  know  when  infection  took  place.  The  period  of  incubation  is 
usually  placed  for  quarantine  purposes  at  five  days.  We  only  know  that 
it  is  short,  but  there  are  reasons  for  believing  that  it  may  be  ten  days  or 
even  more  in  some  cases.  Undoubtedly,  individuals  may  carry  cholera 
bacilli  in  their  intestines  for  a  relatively  long  time  before  they  succeed 
in  supplanting  the  native  inhabitants  of  this  region,  manifesting  their 
supremacy  and  causing  the  disease. 

Personal  Prophylaxis. — It  is  quite  safe  to  work  and  to  live  in  a  chol- 
era infected  locality  so  long  as  proper  precautions  are  taken.  Specific 
vaccination  may  be  employed,  although  this  is  not  absolutely  essential. 
The  main  point  is  to  take  care  that  no  food  or  drink  except  in  a  sterilized 
state  be  permitted  to  enter  the  body.  All  uncooked  food  and  unboiled 
water  should  be  prohibited.  Fruits  and  vegetables  unless  thoroughly 
cooked  are  to  be  avoided  altogether.  Plates,  knives,  forks,  spoons,  etc., 
should  be  sterilized  and  all  food  and  food  receptacles  should  be  brought 
to  the  table  so  hot  that  no  vibrio  could  survive  on  them.  As  has  been 
stated,  during  the  summer  of  1911  and  more  or  less  since  that  time,  the 
chief  Italian  cities,  especially  Naples,  Genoa,  and  Venice,  have  had  more 
or  less  cholera.  They  have  escaped  great  epidemics  simply  because  their 
water-supplies  are  so  located  that  contamination  is  almost  impossible. 
All  who  are  acquainted  with  the  filth  and  squalor  of  certain  parts  of 
these  cities  are  not  surprised  that  the  disease  continues  in  these  local- 
ities for  months  and  even  years  in  sporadic  form.  During  the  summer 
of  1911  thousands  of  first-class  passengers  traversed  the  Atlantic  wholly 
ignorant  of  the  fact  that  Asiatic  cholera  was  present  even  then  among 
the  steerage  passengers. 

Eradication. — We  are  not  justified  in  taking  it  for  granted  that  Asiatic 
cholera  is  a  disease  of  the  past  and  that  it  will  soon  be  blotted  out  of 
existence  even  in  its  original  home.  The  endemic  area  of  this  disease  has 
gradually  extended  and  it  is  likely  to  continue  to  do  so  for  some  years 
to  come.  We  can  hope  to  exclude  it,  as  has  been  done  in  the  past,  from 
our  continental  area,  but  that  it  Avill  occur  from  time  to  time  in  the 
Philippines,  and  possibly  in  Hawaii,  is  more  than  probable.  So  far  as 
Ave  know,  cholera  was  confined  a  little  more  than  100  years  ago  to  Lower 
Bengal.  It  is  now  endemic  over  the  greater  part  of  British  India.  It 
appears  annually  in  Farther  India,  Siam,  Cochin-China,  China,  and  Japan. 
It  appears  frequently  in  Persia,  Asia  Minor,  Turkey,  the  Balkan  States, 
Austria,  and  Russia.  It  has  made  frequent  excursions  into  Eussia,  Poland, 
and  Germany. 

In  1919  Constantinople  was  threatened  Avith  invasion  by  cholera  from 
Russian  ports  along  the  Black  Sea.  The  French  Government  took  hold  of 
the  matter  and  by  quarantine,  sanitation,  and  vaccination  effectively 
checked  the  spread  of  the  disease.    Cholera,  however,  continued  for  some 
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time  in  Odessa  and  compelled  Denekine  to  order  complete  vaccination  of 
his  troops.  It  is  reported  that  the  disease  promptly  ceased  among  the 
soldiers  but  continued  in  the  civil  population.  In  making  the  surveys 
connected  with  this  work  many  cholera  carriers  were  found. 

In  1920  there  was  an  outbreak  of  cholera  at  Bangkok,  Siam.  This  was 
studied  by  Mendelson  and  Tait,  who  state  that  the  city  consists  of  two 
parts,  one  with  a  pure  water-supply  and  the  other  with  polluted  water. 
The  morbidity  in  the  former  was  1.4  and  in  the  latter  9.4  per  1,000.  In 
the  section  having  the  polluted  water  a  heavy  rainfall  was  followed 
by  an  increase  in  number  of  cases.  This  was  probably  due  to  the  wash- 
ing of  surface  pollution  into  the  water-supply.  Mendelson  and  Tait  be- 
lieve that  contaminated  food,  especially  that  from  fields  fertilized  with 
night,  soil,  played  an  important  part  in  the  distribution  of  the  disease. 
They  found  that  a  single  dose  of  vaccine  apparently  did  but  little  good, 
and  it  was  difficult  to  induce  the  people  to  repeat  the  dose. 

During  the  summer  of  1921  cholera  wrought  havoc  in  certain  parts 
of  Russia,  especially  along  the  Lower  Volga,  24,000  cases  being  officially 
reported  in  June,  1921.  Eoumania  on  the  south,  and  Latvia,  Esthonia, 
and  Lithuania  on  the  north,  took  precautions  against  the  introduction 
of  the  disease,  which  consisted  in  inspection  of  trains  from  infected  dis- 
tricts and  vaccination.  It  appears,  however,  that  in  1921  cholera  did 
not  spread  widely  over  Russia.  Vaccination  was  put  into  operation  at 
MoscoAv  and  at  other  northern  and  western  points  through  Avhich  trav- 
elers from  the  Lower  Volga  would  pass. 

In  regard  to  the  cholera  in  Russia  in  1921,  the  Health  Committee  of 
the  League  of  Nations  makes  the  following  statement: 

"The  epidcmie  of  cholera,  which  at  first  spread  with  alarming  rapidity  and  was 
responsible  for  some  140,000  cases  during  the  first  five  months  of  the  year,  came  to 
an  end  very  suddenly  in  the  middle  of  what  is  usually  the  epidemic  season.  No 
satisfactory  explanation  of  this  phenomenon  has  been  advanced.  ■  An  experimental 
enquiry,  started  by  Professor  Zlatogorov,  has  thrown  no  light  upon  the  subject. 
It  is  impossible  to  say  whether  or  not  there  will  be  a  recrudescence  next  summer, 
but  it  looks  as  if  we  were  in  the  presence  of  a  regualr  cycle  still  on  its  increase. 
The  graphs  illustrate  the  evolution  of  cholera  in  Eussia  since  1914  and  also  the 
geographical  distribution  of  the  epidemic  in  the  course  of  the  current  year.  The 
graph  shows  an  enormous  rise  of  the  curve  in  1920  and  a  gradual  increase  since 
1917.  It  must  be  realized  that  the  drop  in  the  year  1919  may  have  been  due  to  the 
fact  that  the  Russian  official  figures  apply  to  different  areas  in  the  different  years, 
for  notifications  were  being  received  only  from  the  area  of  the  Soviet  administra- 
tion, and  this  area  A^aried  in  any  given  year  with  the  changing  fortunes  of  civil 
war.  The  map  of  geographical  distribution  shows  that  the  disease  stopped  short  a 
considerable  distance  east  of  Odessa.  The  difiicult  transport  situation  in  Eussia 
assists  in  the  localization  of  epidemics.  Had  railway  traffic  been  normal,  cholera 
would  have  spread  westwards.  It  is  surprising,  however,  that  in  spite  of  a  fair 
traffic  on  the  Volga  the  epidemic  does  not  seem  to  have  traveled  very  far  by  this 
route. ' ' 
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As  these  sheets  are  going  through  the  press,  we  are  informed  by  the 
Health  Section  of  the  League  of  Nations  that  between  January  1  and 
August  19,  1922,  there  were  reported  in  Russia  55,697  cases  of  Asiatic 
cliolera.  It  seems  justifiable  to  conclude  that  this  disea.se  has  been  en- 
demic along  the  Volga. 
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CHAPTER  XIII 

THE  DYSENTERIES  AND  DIARRHEAS 

Description. — The  earliest  medical  records  recognized  two  groups  of 
diseases  of  the  boAvels.  The  Greek  names  given  to  these  continue  in  use 
up  to  the  present  and  bear  the  same  general  significance  that  they  had 
in  the  time  of  Hippocrates.  Diarrhea,  from  the  Greek  words  meaning 
to  flow  through,  was  applied,  and  continues  to  be  applied,  to  those  dis- 
eases of  the  bowels  which  are  characterized  by  overfrequent,  abundant, 
and  watery  stools,  without  admixture  of  blood  or  mucus.  Dysentery, 
from  the  Greek  words  meaning  difficult  and  intestine,  covers  those  dis- 
eases which  are  characterized  by  griping,  painful  stools  containing  blood 
and  mucus.  This  distinction  between  diarrhea  and  dysentery  was  made 
even  before  the  time  of  Greek  civilization,  and  in  a  general  way  has 
continued  to  hold  good  ever  since.  Early  in  our  era  it  was  shoAvn  that 
the  dysenteries  are  characterized  by  intestinal  ulceration  and  that  every 
hemorrhage  from  the  boAvels  does  not  justify  classifying  the  case  as  one 
of  dysentery.  Between  the  diarrheas  and  the  dysenteries,  especially  so 
far  as  ulceration  in  the  intestine  is  concerned,  there  are  intermediate 
cases.  These  are  denominated  either  as  diarrheal  dysenteries  or  dys- 
enteric diarrheas.  Under  the  word  dysentery,  used  in  the  plural,  we 
include  all  those  diseases  the  essential  lesions  of  which  consist  of  intes- 
tinal ulcerations  and  the  chief  symptoms  of  which  are  griping,  pain, 
and  the  discharge  of  fecal  material  containing  mucus  and  blood,  Eti- 
ologically,  the  dj^senteries  may  be  divided  into  many  groups.  The  causal 
agents  may  be  animal  parasites  or  bacteria.  It  is  customary  to  speak 
of  protozoal  and  bacterial  dysenteries.  These  constitute  the  great  bulk 
of  sporadic,  endemic,  and  epidemic  cases.  On  making  a  closer  analysis, 
we  find  that  there  are  several  animal  parasites,  widely  different  in  spe- 
cies, and  numerous  bacteria,  distinguishable  one  from  the  others  by 
cultural  and  biologic  tests,  all  of  which  or  any  of  which  may  cause  a 
dysentery.  In  their  latest  edition  (1919)  Castellani  and  Chalmers  class- 
ify dysenteries  and  dysenteric  diarrheas  as  follows: 

A.  Dysenteries  caused  b}^  Animal  Parasites: 

(1)  The  Protozoal  Dysenteries 

(2)  The  Platyhelminthic  Dysenteries 

(3)  The  Nemathelminthic  Dysenteries 

(4)  The  Arthropodic  Dysenteries 

B.  Dysenteries  caused  by  Bacteria 
•C.  Pseudodysenteries 
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Amoebic  dysentery  is  also  known  as  amoebiasis,  entamoebiasis,  ent- 
amoebic  dysentery,  amoebic  enteritis,  amoebic  colitis,  and  Castellani  and 
Chalmers  use  the  terms  loeschiasis  and  loeschial  dysentery. 

Histoiy.^ — In  the  most  ancient  medical  records  in  India,  notably  those 
of  Charaka  and  Susruta,  dysenteric  diseases  are  mentioned  and  de- 
scribed with  sufficient  detail  to  render  their  identification  certain.  In 
the  aphorisms,  Hippocrates  says: 

' '  Dysentery,  if  it  commences  with  black  bile,  is  mortal.  *  *  *  If  in  a  person  ill 
of  dysentery,  substances  resembling  flesh  be  discharged  from  the  bowels,  it  is  a  mortal 
symptom.  *  *  *  Alvine  dejections,  which  are  black  like  blood,  taking  place  spon- 
taneously, either  with  or  without  fever,  are  very  bad;  and  the  more  numerous  and 
unfavorable  the  colors,  so  much  the  worse;  when  with  medicine  it  is  better,  and  a 
variety  of  colors  in  this  case  is  not  so  bad.  *  *  *  In  protracted  cases  of  dysen- 
tery, loathing  of  food  is  a  bad  symptom,  and  still  worse,  if  along  with  fever. ' ' 

In  his  prorrheties,  he  says: 

"Dysenteries,  when  they  set  in  with  fever,  alvine  discharges  of  a  mixed  character, 
or  with  inflammation  of  the  liver  or  of  the  hypoehondrium,  or  of  the  stomach,  such 
as  are  painful,  with  retention  of  food  and  thirst,  all  these  are  bad,  and  the  more  of 
these  symptoms  there  are,  the  greater  the  danger;  and  the  fewer,  the  more  hope  is 
there  of  recovery.  Children  from  five  to  ten  years  of  age  are  the  most  apt  to  die  of 
this  complaint;  the  other  ages  less  so.  Such  dysenteries  as  are  of  a  beneficial  nature, 
and  are  attended  with  blood  and  scrapings  of  the  bowels,  cease  on  the  seventh  or 
fourteenth,  or  twentieth  or  thirtieth  day,  or  within  that  period.  In  such  cases  even 
a  pregnant  woman  may  recover  and  not  suffer  abortion. ' ' 

In  discussing',  in  his  books  on  epidemics,  the  diseases  prevalent  in 
one  season,  he  says : 

"Dysenteries  were  epidemical  during  the  summer,  and  some  of  those  eases  in  which 
the  hemorrhage  occurred,  terminated  in  dysentery,  as  happened  to  the  slave  of  Eraton, 
and  to  MuUus,  who  had  a  copious  hemorrhage,  which  settled  down  into  dysentery,  and 
they  recovered.  *  *  *  In  most,  the  bowels  were  disordered  with  thin  and  bilious 
dejections,  and  many  after  passing  through  the  other  crises,  terminated  in  dysenteries 
as  happened  to  Xenophanes  and  Critias.  *  *  *  And  many  and  serious  complaints 
attacked  many  persons  in  the  region  of  the  belly.  In  the  first  place,  tenesmus 
accompanied  with  pain,  attacked  many,  but  more  especially  children,  and  all  who 
had  not  attained  puberty,  and  the  raost  of  these  died.  There  were  many  cases  of 
lientery  and  of  dysentery;  but  these  were  not  attended  with  much  pain.  The  evacua- 
tions were  bilious,  and  fatty,  and  thin,  and  watery;  in  many  instances  the  disease 
terminated  in  this  way,  with  and  without  fever;  there  were  painful  tormina  and 
volvuli  of  a  malignant  kind;  copious  evacuations  of  the  contents  of  the  guts,  and  yet 
much  remained  behind;  and  the  passages  did  not  carry  off  the  pains,  but  yielded  wath 
ditfieulty  to  the  means  administered;  for  in  most  cases  purgings  were  hurtful  to  those 
affected  in  this  manner;  many  died  speedily,  but  in  many  others  they  held  out  longer. 
In  a  word,  all  died,  both  those  who  had  acute  attacks,  and  those  who  had  chronic,  most 
especially  from  affections  of  the  belly,  for  it  was  the  belly  which  carried  them  all  off." 

As  to  the  seasonal  prevalence  of  the  dysenteries  in  Greece  at  his  time, 
Hippocrates,  in  his  book  on  ''Airs,  Waters  and  Places,"  wrote  as  follows: 
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''And  respecting  tlie  seasons,  one  may  judge"  whether  the  year  will  prove  sickly 
or  healthy  from  the  following  observations:  If  the  appearances  connected  with  the 
rising  and  setting  stars  be  as  they  shoiild  be;  if  there  be  rains  in  autumn;  if  the 
winter  be  mild,  neither  very  tej)id  nor  unseasonably  cold,  and  if  in  spring  the  rains  be 
seasonable,  and  so  also  in  summer,  the  year  is  likely  to  prove  healthy.  But  if  the 
winter  be  dry  and  northerly,  and  the  spring  showery  and  southerly,  the  summer  will 
necessarily  be  of  a  febrile  character,  and  give  rise  to  ophthalmies  and  dysenteries. 
For  when  suffocating  heat  sets  in  all  of  a  sudden,  while  the  earth  is  moistened  by  the 
vernal  showers,  and  by  the  south  wind,  the  heat  is  necessarily  doubled  from  the  earth, 
which  is  thus  soaked  by  rain  and  heated  by  a  burning  sun,  while,  at  the  same  time, 
men's  bellies  are  not  in  an  orderly  state,  nor  the  brain  properly  dried;  for  it  is 
impossible,  after  such  a  sipring,  but  that  the  body  and  its  flesh  must  be  loaded  ^Yith 
humors,  so  that  very  acute  fevers  will  attack  all,  but  especially  those  of  a  phlegmatic 
constitution.  Dysenteries  are  also  likely  to  occur  to  W'Omen  and  those  of  very  humid 
temperament.  -  And  if  at  the  rising  of  the  Dogstar,  rain  and  vyintery  storms  supervene, 
and  if  the  Etesian  winds  blow,  there  is  reason  to  hope  that  these  diseases  will  cease, 
and  that  the  autumn  will  be  healthy;  but  if  not,  it  is  likely  to  be  a  fatal  season  to 
children  and  Avomen,  but  least  of  all  to  old  men;  and  that  convalescents  will  pass  into 
quartans,  and  from  quartans  into  dropsies;  but  if  the  winter  be  southerly,  showery 
and  mild,  but  the  spring  northerly,  diy,  and  of  a  wdntery  character,  in  the  first  place 
women  who  happen  to  be  with  child,  and  Avhose  accouchement  should  take  place  in 
spring,  are  apt  to  miscarry;  and  such  as  bring  forth,  have  feeble  and  sickly  children, 
so  that  they  either  die  presently  or  are  tender,  feeble,  and  sickly,  if  they  live.  Such 
is  the  case  with  the  women.  The  others  are  subject  to  dysenteries  aard  dry  ophthalmies, 
and  some  have  catarrhs  beginning  in  the  head  and  descending  to  the  lungs.  Men  of 
a  phlegmatic  temperament  are  likely  to  have  dysenteries;  and  women,  also,  from  the 
humidity  of  their  nature,  the  phlegm  descending  downward  from  the  brain;  those 
who  are  bilious,  too,  have  dry  ophthalmies  from  the  heat  and  dryness  of  their  flesli; 
the  aged,  too,  have  catarrhs  from  their  flabbiness  and  melting  of  the  veins,  so  that 
some  of  them  die  suddenly  and  some  become  paralytic  on  the  right  side  or  the  left." 

From  the  time  of  Hippocrates  in  the  fifth  century  B.C.  to  that  of 
Aretaeus,  about  the  first  century  A.D.,  there  seems  to  have  been  marked- 
progress  in  the  study  of  the  lesions  in  dysentery,  for  tlie  latter  author 
wrote : 

"The  superior  intestines,  as  far  as  the  cecum,  which  are  small  aud  al)0und  in  bile, 
are  called  Cholades;  from  this  spot  the  low^er  ones  are  thick  and  fleshy  to  the  termi- 
nation of  the  rectum.  Ulcerations  occur  in  the  whole  of  them,  and  as  all  these  forms 
of  ulcers  constitute  dysentery,  the  affections  are  diverse.  For  some  merely  abrade  the 
surface  of  the  intestines,  producing  only  an  excoriation,  and  are  not  dangerous,  though 
they  are  much  less  so,  if  the  lower  parts  be  affected,  wliile  deejper  ones  are  not  well 
conditioned.  There  are  other  deep  ones  which  are  not  prominent,  but  are  like  glands, 
eating  away,  spreading  and  inclined  to  gangrene,  which  are  fatal;  the  veins  also 
become  eroded,  and  in  such  there  is  more  hemorrhagic  oozing.  There  is  another  form 
of  ulcers  which  have  thickened  edges,  are  rough,  ragged,  callous,  like  what  w'e  term 
knots  in  wood,  which  are  difficult  to  cure,  from  not  readily  cicatrizing,  being  more  in- 
clined to  jpass  into  a  state  of  solution.  Thei'e  are  vcvj  many  sources  of  dysentery,  the 
important  ones  are  indigestion,  constantly  catching  cold,  the  eating  of  pungent  sub- 
stances like  salad,  of  onion  by  itself,   or  garlic,   feeding  on  stale  rancid  meat,  which. 
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IS  followed  by  indigestion,  taking-  any  unusual  drink,  and  a  Ijeverage  of  must,  or 
brewed  liquor,  or  those  tilings  that  are  used  in  different  places,  as  a  substitute  for 
wine;  a  blow  also,  cold,  and  the  taking  of  cold  liqiiors,  give  rise  to  these  ulcerations. 
The  dejections  and  the  general  attendants  of  these  ulcers  are  various  in  different 
cases.  When  they  are  merely  superficial,  and  from  the  upper  intestines,  they  are  thin, 
bilious,  and  devoid  of  smell,  except  what  is  natural  to  the  bowels.  From  the  jejunum, 
tiiey  are  more  copious,  yellow,  and  offensive.  Sometimes  they  are  accompanied  with 
food,  which,  though  in  a  state  of  solution,  is  lumpy;  sometimes  there  is  an  offensive 
smell  Avhen  the  ulcers  are  gangrenous,  and  sometimes  merely  that  of  scybala;  from 
ulcers  in  the  lower  bowels,  the  discharges  are  watery,  thin  and  inodorous;  when  the 
ulcers  are  deeper,  the  discharges  are  ichorous,  reddish,  like  wine  or  water  in  which 
meat  has  been  washed,  sometimes  these  appearances  present  themselves  alone,  some- 
times with  the  feces,  and  they  may  either  pass  out  moist,  in  a  state  of  solution  in 
the  surrounding  liquid,  free  from  bile  and  smell,  or  firm  and  dry,  though  slimy  from 
what  surrounds  them.  When  the  ulcerations  are  larger  and  smoother  from  the  upper 
bowels,  the  discharges  abound  in  bile,  on  account  of  the  spot  from  whence  and  through 
which  it  passes,  and  they  irritate  the  outlet,  for  the  bile  is  acrid,  and  esjsecially,  if  it 
proceed  from  an  ulcer,  is  gieasy  and  looks  like  fat.  But  in  the  deeper  ones,  which 
occur  in  the  lower  bowels,  the  blood  is  in  a  thick  clot,  mixed  with  pituitous  matter, 
like  bits  of  flesh,  not  much  like  fat,  but  shreds  as  it  were  of  the  intestines,  or  as  if, 
indeed,  whole  pieces  were  intermixed;  sometimes  they  come  forth  white,  thick,  slimy, 
like  suet  chopped  in  the  surrounding  liquid,  these  come  from  the  rectum;  occasionally 
they  are  merely  slimy,  causing  itching,  small,  round,  and  irritating,  producing  frequent 
attempts  at  evacuation,  and  an  inclination  to  stool,  which  is  attended  with  comfort, 
though  what  passes  is  exceedingly  small.  This  is  called  tenesmus.  From  the  cecum 
there  are  also  red  and  large  pieces  of  flesh  discharged,  of  much  larger  outline,  the 
ulcers  become  deep,  the  blood  thick,  like  lees,  and  more  offensive  than  in  the  former 
cases.  When  the  ulcers  spread  and  corrode,  and  cannot  be  by  any  means  checked,  we 
have  from  the  upper  intestines,  in  addition  to  these  copious  and  bilious  excretions, 
yellow,  frothy  dejections,  looking  like  wine  lees,  black,  of  the  color  of  woad  or  leeks 
and  thicker  than  the  previous  one's,  offensive,  like  putrid  matter,  and  the  aliment  is 
now  less  digested,  as  if  it  had  been  greedily  masticated.  When  the  lower  bowels  are 
corroded,  the  clots  of  blood  are  dark  colored,  thick,  like  pieces  of  flesh,  red,  grumous, 
and  sometimes  black,  of  all  varieties,  intolerably  ofl'ensive,  and  the  fluid  matter  is 
expelled  involuntarily;  sometimes  a  long  distinct  piece  comes  away,  like  the  sound 
intestine;  those  who  are  ignorant  of  this  feel  alarmed  about  the  bowel,  but  the  case 
stands  thus:  there  are  in  the  bowels,  as  in  the  stomach,  two  coats,  and  these  obliquely 
overlap  each  other,  should  what  lies  between  them  be  dissolved,  the  inner  coat  comes 
away  for  its  whole  length,  while  the  external  one  remains  alone,  granulates,  and 
cicatrizes,  and  the  patients  get  well  and  remain  uninjured,  the  lower  bowel  only  is 
thus  affected,  which  is  caused  by  the  fleshy  structure  of  its  coats.  When  blood  flows 
from  any  vessel,  it  comes  away  florid  or  dark  colored,  pure,  unmixed  with  food  or 
scybala,  and  a  pellicle  forms  on  the  sitrface  like  a  broad  spider's  web,  and  it  becomes 
clotted  when  it  gets  cold;  and  the  act  of  excretion  does  not  give  the  notion  of  blood, 
for  from  the  great  rush  and  wind  that  accompanies  it,  the  patients  fancy  it  greater 
than  is  actually  the  case;  sometimes  j^urulent  abscess  occurs  in  the  colon,  and  as 
frequently  as  other  internal  ulcers ;  the  symptoms,  the  pus,  and  treatment  of  the  ulcers 
are  the  same;  if  the  excretions  are  hard,  of  fleshy  matter,  and  as  it  were  nibbed  up 
with  rough  bodies,  the  abscess  is  not  of  a  kindly  sort;  sometimes  there  is  a  copious 
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flow  of  water  from  the  colon,  like  a  dysenteric  discharge,  and  this  sort  of  dropsy  has 
saved  a  vast  number;  such  then,  in  short,  are  ulcers  in  the  intestines,  and  such  are 
their  phenomena  and  excretions  as  I  have  described. 

''I  will  now  describe  the  symptoms  in  each  affection,  whether  the  ulcers  are  well 
or  ill  conditioned;  to  speak  generally,  whenever  there  is  merely  slight  abrasion  of  the 
upper  or  lower  bowels,  the  patients  are  free  from  fever  and  pain,  and  are  cured 
Avithout  confinement  to  their  bed,  by  keeping  them  variously  on  spare  diet.  But  when 
there  is  ulceration  in  the  upper  bowels,  there  is  a  gnawing,  sharp,  twitching  pain,  as 
if  from  a  small  quantity  of  heated  bile,  and  now  and  then,  indeed  for  the  most  part, 
suppuration  occurs ;  digestion  is  imperfect,  but  there  is  no  loss  of  appetite.  Ulcers  in 
the  lower  bowels  are  much  less  dangerous  than  those  in  the  upper,  for  the  former  are 
more  fleshj^  than  the  latter;  if,  however,  they  become  deep,  and  spread  upwards  into 
the  superior  intestines,  acute  fevers  arise,  hiding  and  obscurely  lurking  in  the  viscera, 
accompanied  with  great  chilliness,  and  dislike  of  food,  and  watchfulness,  there  are 
offensive  eructations,  nausea,  vomiting,  bile,  and  dizziness,  and  if  there  be  a  copious 
discharge  of  bilious  matter,  there  are  continual  gripings,  and  exacerbated  pains  in  addi- 
tion, strength  fails,  the  knees  totter,  burning  fever,  thirst,  anxiety,  a  black  vomit, 
parched  tongue,  small,  feeble  pulse,  symptoms  akin  to  those  that  I  have  described 'as 
fatal,  under  the  head  of  malignant  ulcers,  sliow  themselves,  the  powers  of  the  heart  fail, 
till  the  patients  swoon,  and  some  never  come  to  again  but  are  wont  thus  to  perish.  The 
same  formidable  symptoms  also  attend  erosions  of  the  lower  bowels  if  the  ulcers  spread, 
and  the  discharge  cannot  be  checked,  except  that  the  gripings  and  pains  occur  where  the 
ulcers  are  situated  underneath  the  navel ;  the  forms  of  the  excretions  are  such  as  I  have 
described.  Where  the  ulcers  are  originally  small,  and  are  long  checked  in  their  spread, 
new  crops  succeed,  some  in  a  state  of  quiescence,  others  cresting  to  a  head,  like  billows 
in  the  sea;  such  is  the  flood  of  ulcers;  if  then  nature  interpose  her  assistance,  and  the 
physician  cooperate  with  her,  their  spread  is  stayed,  and  there  is  no  fear  of  death, 
but  the  bowels  remain  hard  and  tuberculated,  and  the  cure  is  tedious.  Hemorrhage 
from  the  bowels,  whether  it  be  from  an  artery  or  large  vein,  produces  speedy  death,  for 
it  is  not  possible  eitlier  to  introduce  the  hand  and  relieve  the  pain,  or  make  any 
medicinal  application  to  the  ulcer;  and  if  the  hemorrhage  could  be  stopped  by  any 
medicine,  still  there  would  be  no  certain  escape  from  death,  for  in  some  cases  a 
crust  falls,  and  occasions  a  larger  aperture  of  the  vein,  whereupon  clots  form  internally, 
which  stop  there  and  the  disease  is  not  to  be  got  the  better  of;  it  is,  therefore,  our 
business  to  staunch  incipient  hemorrhage,  and  an  impending  attack  is  usually  pretty 
clearly  indicated,  if  it  be  not  altogether  obvious.  There  is  anxiety  and  a  sense  of 
uneasiness,  a  weight  in  the  part  that  is  likely  to  rupture,  and  a  redness  of  the  face 
when  no  rupture  has  yet  occurred,  if  the  vessel  be  fresh  ruptured,  it  may  be  usually 
perfectly  stopped,  but  if  this  have  occurred  some  time,  it  is  a  more  diflicult  and 
tedious  process;  such,  then  are  intestinal  ulcers.  They  occur  in  summer,  less  frequently 
in  the  autumn,  still  less  so  in  the  spring,  and  least  of  all  in  the  winter.  Children  and 
youths  are  subject  to  diarrhea;  dysentery  occurs  to  young  men  in  the  prime  of  life; 
in  old  age  the  ulcers  are  difficult  of  cure,  being  slow  in  cicatrizing,  corroding  ones  are 
seldom  found  in  old  people,  although  hemorrhage  occurs  in  advanced  life." 

We  have  made  this  long  quotation  from  Aretaeus,  who,  according  to 
the  best  authority,  lived  sometime  during  the  first  century  A.D.  As  we 
read  it,  we  wonder  at  the  pathologic  knowledge  which  it  reveals,  and 
we  ask  ourselves  whether  this  could  have  been  written  by  one  who  did 
not  make  frequent  autopsies. 
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Galen,  Celsus,  Aurelianus,  and  other  medical  writers  of  tlie  early 
centuries  of  our  era,  emphasized  the  frequency  and  the  fatality  of  the 
dysenteries.  FolloAving  Aretaeus,  the  stools  were  examined  with  the 
intention  of  locating,  so  far  as  possible,  the  intestinal  ulceration.  The 
evidence  thus  obtained  must  have  been  quite  indefinite  and  raany  of  the 
conclusions  reached  quite  fallacious.  This  question  of  determining  the 
location  of  the  ulcer  is  discussed  extensivel}^  by  Alexander  of  Tralles, 
who  wrote  about' 500  A.D.  Hirsch  states  that  the  frequent  references  to 
the  dysenteries  by  early  writers 

"serve  to  show  that  in  all  those  periods  dysentery  was  an  imjDortant  thing  in  medictJ 
l)ractice  and  well  known  to  the  profession,  although  it  cannot  be  ignored  that  the 
example  of  Galen  gradually  led  'dysentery'  to  have  a  wider  meaning  and  to  include 
intestinal  fluxes  of  various  kinds.  Other  evidence  that  dysentery  was  very  common 
and  widely  spread  in  those  times,  in  association  with  diarrhea,  is  found  in  the 
a.ccounts  of  several  of  the  war  pestilences  of  antiquity,  and  in  the  notices  of  pestilence 
by  the  medieval  historians  and  chroniclers,  in  whom  we  find  mention  of  no  disease, 
after  plague  and  pestilential  fever,  more  often  than  of  dysentery.  From  all  these 
references,  as  well  as  from  the  exceedingly  numerous  epidemiographical  accounts  by 
practitioners  of  the  sixteenth,  seventeeth,  and  eighteenth  centuries,  we  may  safely  con- 
clude that  dysentery,  at  all  tiiues,  just  as  at  present,  had  the  widest  diffusion  over  the 
globe,  that  it  had  exempted  no  considerable  part  of  the  world  from  a  national  visita- 
tion, that  hardly  another  disease  can  be  placed  beside  it  in  that  respect,  and  that  we 
may  accept  the  statement  of  Ayres,  'of  dysentery  it  may  be  said  that  where  man  is 
found,  there  will  some  of  its  forms  appear.'  " 

In  1619  Bontius,  physician  to  the  Dutch  Settlement  at  Batavia,  wrote, 
in  Latin,  a  treatise  on  the  diseases  of  the  East  Indies.  More  than  a 
century  later  this  work  was  translated  into  English  by  a  physician  who 
does  not  give  his  name.  We  employ  the  English  translation.  This 
author  treats  of  the  dysenteries  under  three  heads.     He  says: 

"And  first  of  the  true  dj'sentery,  that  horrible  and  destructive  disease,  which 
causes  greater  devastation  in  the  Indies  than  any  other  malady  whatever.  The  true 
dysentery,  then  is  an  ulceration  of  the  intestines  with  a  perpetual  purging,  at  first, 
mucus,  afterwards  bloody,  and  lastly,  purulent,  intermixed  with  the  very  substance 
of  the  bowels,  with  intolerable  pain  and  griping  of  the  belly. ' ' 

Bontius  thought  that  the  causes  of  true  dysentery  were  the  heat  and 
dryness  of  the  climate,  together  Avith  the  eating  of  too  much,  and  often 
unripe,  fruit,  and  the  drinking  too  heavily  of  arac. 

In  the  opinion  of  Bontius,  the  hepatic  flux  is  less  dangerous  than  dys- 
entery, inasmuch  as  it  is  seldom  accompanied  b.y  ulceration  of  the 
intestine.  The  author  is  somewhat  hazy  in  accounting- for  what  he  calls 
"hepatic  flux."  He  states  that  it  is  probably  due  to  an  acrimony  of  the 
blood,  causing  dilatation  of  the  mouths  of  the  blood  vessels  and  the 
pouring  of  blood  into  the  intestine.  One  gets  the  impression  from  read- 
ing this  chapter  in  the  book  by  Bontius,  that  he  recognized,  as  had  been 
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done  by  some  of  the  earlier  authors,  that  every  case  of  bloody  flux  does 
not  mean  dysentery.  It  is  more  than  likely  that  some  cases  of  the  he- 
patic flux  which  Bontius  describes  were  nothing  more  than  hemorrhoids. 
Bontius  makes  a  distinct  disease  of  tenesmus.  His  statement  runs  as 
follows: 

* '  The  tenesmus  is  more  dreaded  in  this  country,  than  the  dysentery,  on  account  of 
the  extreme  uneasiness  which  attends  it;  and  indeed,  when  it  precedes  that  disorder, 
it  is  generally  mortal;  because  all  diseases  that  increase  by  succession,  are  likewdse 
increased  in  virulence.  But  if  it  comes  after  the  dysentery,  the  cure  is  more  easy,  as, 
then,  it  is  only  the  remains  of  that  disease,  fretting  the  parts  affected.  A  tenesmus 
is  an  ulceration  of  the  intestinum  rectum,  with  constant  pain  and  a  desire  of  going 
to  stool,  when  first,  a  little  mucus,  mixed  with  some  drops  of  blood,  and  afterwards 
purulent  matter  is  discharged.  -  *  *  A  procidentia  ani  is  frequently  brought  on, 
as  are  also  the  hemorrhoids;  and  if  the  disease  continues  long,  a  dropsy,  as  I  have 
often  observed.  Whence  follows  a  decay  of  the  body,  and,  after  excruciating  torments, 
death. ' ' 

Bontius  closes  his  short  chapter  on  tenesmus  with  the  following  quota- 
tion from  Celsus: 

"As  in  all  fluxes  of  the  belly,  so  especially  in  this  (the  tenesmus)  it  is  necessary 
that  a  person  go  to  stool,  not  from  inclination,  but  necessity,  that  this  delay  may  inure 
the  intestines  to  a  habit  of  sustaining  their  burden." 

It  is  worthy  of  remark  that,  under  the  head  of  cholera  morbus,  Bon- 
tius describes,  as  prevalent  in  the  East  Indies  nearly  one  hundred  years 
before  Asiatic  cholera  became  known  to  the  world,  an  acute  choleraic 
disease.  We  deem  this  of  sufficient  importance  to  take  from  this  author 
the  following  short  quotation: 

"The  cholera  might,  with  some  degree  of  reason  be  reckoned  a  salutary  excretion; 
since  such  humors  are  discharged  in  it  as  if  retained  would  prove  prejudicial.  How- 
ever as  by  such  excessive  purgations,  the  animal  spirits  are  exhausted,  and  the  heart, 
the  fountain  of  heat  and  life  is  overwhelmed  with  the  putrid  effluvia,  those  who  are 
seized  with  this  disorder  generally  die,  and  that  so  quickly  as  in  the  space  of  four  and 
twenty  hours  at  most.  Such,  among  others,  was  the  fate  of  Cornelius  Van  Boyen, 
steward  of  the  hospital  of  the  sick,  who  being  in  perfect  health  at  six  in  the  evening, 
was  suddenly  seized  with  the  cholera,  and  expired  in  terrible  agony  and  convulsions 
before  twelve  o'clock  at  night;  the  violence  and  rapidity  of  the  disorder  surmounting 
the  force  of  every  remedy. " 

Sydenham,  in  his  medical  observations,  has  described  the  dysenteries 
of  the  years  1669  to  1672  as  they  appeared  in  London.  He  wrote  as 
follows : 

"Gripes  without  stools  (dry  gripes)  set  in  at  the  beginning  of  August,  1669,  and 
they  were  quite  as  common  as,  if  not  commoner  than,  the  dysentery  of  the  same  autumn. 
Sometimes  they  were  attended  with  fever;  sometimes  not.  The  gripings  of  the  dysen- 
tery of  the  season  answered  to  the  gripings  of  the  present  diseases.  Both  sorts  were 
most  severe;  both  sorts  came  on  at  intervals,  and  both  sorts  were  unaccompanied  by 
motions,   either    slimy   or    stercoraceous.      The    dry   gripes   went    along    with    dysentery 
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throughout  the  whole  autumn,  and  at  t]ie  same  rate;  hut,  as  stated  above,  they  were 
not  present  during  the  remaiuing  years  of  the  jn-esent  constitution.  Now,  as  this  form 
of  gripes  differed  but  little  from  the  dysentery,  either  in  its  nature  or  treatment,  I 
confine  myself  to  the  last-named  disease. 

'''I  observed'  that,  now  as  ever,  the  epidemic  dysentery  set  in  at  the  beginning  of 
autumn,  and  declined  at  the  approach  of  winter.  When,  however,  the  character  of 
the  year  was  of  preeminently  dysenteric  constitution,  it  attacked  a  few  patients  at  any 
time;  most,  perhaps,  at  the  beginning  of  the  spring,  or  even  earlier,  if  there  was  a 
"sudden  thaw.  Few  indeed  suffered;  yet  those  few  have  convinced  me  that,  in  a  season 
so  little  dysenteric  of  itself,  the  state  of  things  most  conducive  to  the  disease  was  the 
state  just  mentioned.  So  it  was  during  the  years  of  the  predominance  of  the  dysentery. 
At  odd  times,  men  were  attacked  even  at  the  end  of  winter,  or  at  the  beginning  of 
spring. 

' '  Tlie  disease  sets  in  with  chills  and  shivers.  After  these  come  the  heat  of  fever, 
then  gripings  of  the  belly,  and  lastly,  stools.  Occasionally  there  is  no  fever,  in  which 
case,  the  gripes  lead  the  way,  and  the  purging  follows  soon  after.  Great  torment  of 
the  belly,  and  sinking  of  the  intestines,  whenever  motions  are  passed,  are  constant; 
and  these  motions  are  frequent,  as  well  as  distressing,  the  bowels  coming  down  as  they 
take  place.  They  are  ahvays  more  slimy  than  stercoraceous,  feces  being  rarely  present, 
and  when  present  causing  but  little  pain.  With  these  slimy  motions  appear  streaks  of 
blood,  though  not  always.  Sometimes,  indeed,  there  is  no  passage  of  any  blood  what- 
ever from  first  to  last.  Notwithstanding,  provided  that  the  motions  be  frequent,  slimy, 
and  attended  with  griping,  the  disease  is  a  true  bloody  flux,  or  dysentery.  In  the 
meantime  the  patient,  if  a  young  man,  or  if  heated  by  cordials,  is  feverish.  His 
tongue  is  whitish,  and  coated  with  a  thick  mucous  fur;  if  the  disease  be  violent,  it  is 
dry  and  black.  The  strength  is  depressed,  the  spirits  are  low,  all  the  symptoms  of  an 
ill-conditioned  fever  are  present.  And  there  are  not  only  great  pain  and  distress,  but 
there  is  danger  also.  Unless  the  treatment  be  skillful,  life  is  in  peril.  The  vital 
warmth,  and  the  due  spirits  may  be  impaired  by  the  frequency  of  the  evacuation  before 
the  peccant  matter  can  be  ejected  from  the  blood;  hands  and  feet  m.ay  turn  cold;  the 
patient  may  die  as  quickly  as  from  an  acute  disease;  and  even  if  he  escapes  the  fate 
this  once,  he  may  be  exposed  to  numerous  and  distressing  symptoms  of  different  sorts. 
For  instance,  when  the  disease  has  made  certain  progress,  there  will  appear  in  Ids 
motions,  instead  of  the  mere  bloody  filaments  which  were  at  first  mixed  up  with  the 
feces,  pure  blood,  in  large  quantities,  free  from  even  mucus,  and  in  every  evacuation. 
This  indicates  the  erosion  of  some  of  the  larger  vessels  that  spread  over  the  intestines, 
and  it  threatens  death.  At  times  the  intestines,  from  the  force  of  the  inflammation 
which  has  been  produced  by  the  overabundant  afflux  of  hot  and  acrid  matters  upon  the 
affected  parts,  have  been  struck  with  incurable  gangrene.  Apathae,  too,  towards  the 
close  of  the  disease,  beset  the  inner  parts  of  the  mouth  and  the  fauces,  particularly 
when  the  body  has  been  long  overheated,  and  when  the  evacuation  of  the  peccant 
matter  has  been  checked  by  astringent  remedies,  administered  before  the  application 
of  cathartics.     These  are  generally  signs  of  imminent  dissolution. 

"If  the  patient  get  over  the  aforesaid  symptoms,  and  if  the  disease  be  protracted, 
the  intestines  become  affected  successively  downwa'rds,  until  the  whole  mischief  is 
forced  down  to  the  rectum,  and  ends  in  tenesmus.  Then  the  effect  of  stercoraceous 
feces  is  wholly  dift'erent  from  what  it  was  in  dysentery.  It  is  iiitensely  paiuful,  the 
feces,  as  they  pass,  scrape  the  bowels  in  their  tender  state;  whereas,  the  slimy  dejec- 
tions only  irritate  the  rectum,  whilst  the  matter  which  is  there,  and  there  alone  engen- 
dered is  evacuated.     This  disease,  although  not  infrequently  fatal  to  adults,  and  still 
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more  so  to  old  men,  is  nevertheless  exceedingly  liarndess  with  infants.     They  will  bear 
it  for  months  together  without  suffering,  provided  only  that  nature  be  left  to  herself." 

It  is  worthy  of  observation  that  Sydenham  saw,  in  epidemics  of  dys- 
entery, the  wave-like  increase  in  virulence  and  the  subsequent  depres- 
sion which  are  characteristic  of  epidemics  in  general.  On  this  point  he 
wrote: 

' '  Furthermore,  it  must  be  observed,  that  all  epidemics,  when  they  first  leap  into 
life,  emerging  from  the  Ir])  of  nature,  as  far,  at  least,  as  their  essence  is  discoverable 
in  their  jshenomena,  are  combined  with  a  principle  more  spirituous  and  more  subtle 
than  that  which  they  possess  when  they  have  growai  their  growth;  and  that,  just  as  they 
decline  from  their  strength,  they  become  thick  and  humoral.  Whatever  may  be  those 
particles  wiiich  are  mixed  with  the  atmosphere,  which  war  against  health,  and  which 
determine  the  epidemic  constitution,  it  is  certain  that  they  have  a  greater  power  of 
action  at  the  time  of  their  first  outbreak  than  at  any  time  afterwards.  During  the 
first  months  of  the  jirevalence  of  the  plague  scarcely  a  day  past  without  some  one  being 
attacked  by  the  contagion,  being  taken  soiddenly  in  the  streets,  being  stricken  wdioUy 
without  warning,  and  dying  at  once;  whilst,  when  the  disease  had  come  to  maturity, 
no  one  was  ever  so  suddenly  prostrated,  but  what  fever,  and  other  symptoms  gave  him 
warning.  From  this  it  is  abundantly  clear,  that  the  disease  was  more  violent  and  acute 
in  its  infancy,  than  it  w'as  at  a  later  stage.  It  killed,  to  be  sure,  fewer;  but  then  it 
killed  them  by  means  of  a  more  violent  inf.uence  on  the  system. 

' '  It  was  the  same  with  the  flux.  The  earlier  the  stage  the  worse  the  symptoms. 
Looking,  indeed,  to  the  numhcr  of  persons  afflicted,  iliat  increased  as  the  disease  aj)- 
proached  its  climax,  or  status,  and,  for  that  reason,  more  died  of  it  than  at  its  begin- 
ning. But  looking  at  the  severity  of  the  symptoms,  they  were  the  worst  at  the  onset; 
worse,  then,  than  at  the  status,  and  worse,  then,  than  during  the  decline. ' ' 

Cleghorn,  an  English  army  surgeon  stationed  at  Minorca,  has  given  an 
account  of  the  diseases  prevalent  in  that  Island  from  1744  to  1749,  and 
in  this  account  he  includes  dysentery.  He  gives  no  information  as  to 
the  etiology  of  this  disease,  except  that,  in  his  opinion,  one  form  of  dys- 
entery is  due  to  the  passage  from  the  stomach  into  the  intestines  of 
undigested  substances.  This  causes  an  increased  secretion  and  flow  of 
bile,  leading  to  an  abnormal  washing  away  or  removal  of  the  mucus- 
protecting  surface  of  the  lumen  of  the  intestines.  The  intestinal  walls, 
being  deprived  of  their  protective  mucous  coat,  are  eroded  and  finally 
ulcerated,  leading  to  griping  pains  and  bloody  stools. 

Cleghorn 's  second  form  of  dysentery  begins  suddenly,  with  chills, 
fever,  and  all  the  train  of  symptoms  that  ushers  in  most  of  the  acute 
diseases.  These  preliminary  symptoms  are  followed  promptly  by  grip- 
ing, tenesmus,  and  the  evacuation  of  bloody,  and  possibly  purulent, 
stools.  In  his  third  group  of  dysenteries,  the  first  symptom  is  a  twitch- 
ing, Avhich  generally  begins  in  the  small  intestines.  This  pain,  as  if  the 
bowels  were  being  draAvn  into  knots,  descends,  involves  the  large  in- 
testine, and  reaches  the  rectum;  and  this  also  results  in  dysenteric 
stools.     According  to  Cleghorn,  it  matters  not  in  which  of  these  ways 


THE    DYSENTERIES    AND    DIARRHEAS  389 

dysentery  begins ;  in  process  of  time  the  case  comes  pretty  much  to  the 
same  state.  The  intestines  are  irritated,  inflamed  and  ulcerated;  a 
fever,  for  the  most  part  of  the  periodical  kind,  comes  on;  the  constant 
stimulus  in  the  bowels  diminishes  the  cutaneous  discharges ;  a  greater 
proportion  of  fluid  is  throAvn  into  the  intestines;  the  flux  increases;  the 
discharges  become  more  purulent ;  the  strength  decays,  and  death  or 
tedious  recovery  is  commonly  the  consequence. 

Cleghorn  autopsied  many  of  his  cases  and  found  ulcers,  small  abscesses 
and  inflammatory  areas  in  various  parts  of  the  intestine,  but  most  abun- 
dantly and  most  markedly  in  the  lower  intestines  and  in  the  rectum. 
This  author  gives  most  of  his  space  to  treatment  and,  while  it  is  not 
within  the  scope  of  a  work  on  epidemiology  to  deal  Avith  the  treatment 
of  disease,  we  cannot  refrain  from  calling  attention  to  the  fact  that, 
periodically,  some  one  discovers  that  ipecac  is  a  valuable  agent  in  the 
treatment  of  dysentery.  Cleghorn  used  ipecac,  gave  it  preference  over 
any  other  drug,  and  recognized  the  fact  that  it  was  used  in  this  disease 
long  before  his  time. 

Pringle,  in  describing  the  diseases  of  English  soldiers  in  the  camps  in 
Flanders  about  the  middle  of  the  eighteenth  century,  dwells  quite  ex- 
tensively on  dysentery.  The  observations  recorded  by  Pringle  are  in 
exact  accord  Avith  those  noted  by  other  army  surgeons,  both  before  and 
after  him.  He  states  that  Avhen  an  army  is  first  assembled  there  are 
likely  to  be  among  the  men  a  few  cases  of  dysentery,  but  they  are  not 
numerous  and  the  disease  is  not  highly  virulent.  This  means  that  dys- 
entery, at  that  time  at  least,  Avas  sufficiently  disseminated  among  the 
people  that  sporadic  cases  Avere  constantly  being  brought  by  enlist- 
ments into  military  organizations.  The  etiologic  agents  of  the  disease 
are  excreted  from  the  body  in  the  stools.  In  the  camp,  the  infected 
stools  are  distributed  in  the  latrines  and  more  or  less  Avidely  scattered 
over  the  surface  of  the  ground.  Pringle  notes  that  the  disease  is  espe- 
cially likely  to  occur  in  fixed  camps.  This  means  that  continued  occu- 
pation of  a  given  location,  for  a  time  Avhich  A^aries  Avith  the  location  of 
the  place,  the  nature  of  the  soil,  the  number  of  people  occupying  it, 
and  other  factors,  is  necessary  in  order  to  get  Avidespread  pollution. 
This  is  AA^hy  dysentery  and  typhoid  fcA^er  are  more  prevalent  in  fixed 
camps  than  among  moA^ng  soldiers.  The  more  frequently  the  camp  is 
moA^ed  the  less-  is  the  pollution  of  the  soil  in  any  giA-en  locality.  Dys- 
entery spreads  among  the  soldiers  during  the  summer  time,  because  the 
extracorporeal  existence  of  the  etiologic  factor  is  favored  by  this  season. 
Some  of  the  organisms  Avhich  cause  dysentery  may,  and  probably  do, 
grow  outside  the  animal  body  in  fecal  matter.  Multiplication  undoubt- 
edly occurs  at  summer  temperature.  Tlie  infecting  agents  are  carried, 
scattered,  and  deposited  upon  food  by  flies  and  other  insects;  in  fact. 
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a  fixed  camp  is  a  nursery  in  which  the  virus  of  dysentery  may  be  grown 
most  abundantly  and  may  be  spread  most  widely.  A  fixed  camp  is  an 
incubator  for  the  growth  of  many  of  tlie  bacteria  and  protozoa  which 
may  cause  dysentery.  Pringle  fully  recognized  the  fact  that  dysentery 
is  a  transmissible  disease,  but,  as  to  the  manner  of  its  transmission  his 
ideas  were  vague.  Probably  it  will  be  best  to  permit  the  author  to 
speak  for  himself  as  to  the  causes  of  dysentery  and  its  modes  of  trans- 
mission.    He  wrote  as  follows: 

' '  The  heat  and  moisture  of  the  air  appear  to  be  no  less  the  chief  remote  and  external 
cause  of  the  dysentery,  than  of  the  autumnal  remitting  and  intermitting  fevers;  and 
therefore  when  other  circumstances  are  equal,  it  usually  prevails  in  the  camp  towards 
the  end  of  summer,  or  in  autumn,  after  great  and  continued  heats,  which,  as  was  shown 
above,  are  generally  attended  with  a  loaded  atmosphere.  Upon  comparing  the  account 
which  I  have  given  of  the  flux  that  occurred  in  every  campaign  with  the  description  of 
the  same  distemper  by  other  authors,  we  shall  find  this  p'rinciple  sufficiently  verified. 
Sydeuliam  indeed,  in  the  history  of  the  epidemic  dysentery  of  his  time,  takes  no  notice 
of  the  weather,  going,  I  must  say,  upon  a  false  principle,  that  the  morbid  constitution 
of  the  season  has  never  any  connection  with  the  sensible  qualities  of  the  air.  But 
Willis  supplies  this  defect,  and  observes  that  the  summer  of  1670  (which  preceded 
the  autumn  wherein  the  flux  was  at  its  greatest  height)  was  remarkably  hot.  In  the 
year  1762,  the  summer  heats  and  drought  were  of  a  longer  continuance  than  I  remem- 
Ijer  to  have  observed  them  in  this  country;  and  accordingly  in  autumn,  the  dysentery 
was  so  frequent  in  London,  that  though  it  could  not  be  properly  called  epidemic,  when 
compared  to  those  fluxes  which  I  have  seen  in  the  army,  yet  I  believe  that  more  cases 
occui'red  then,  than  in  all  the  sixteen  years  that  I  had  resided  here.  However,  I  do 
not  advance  this  as  a  rule  without  exception;  for  that  epidemic  which  raged  at  Nime- 
g-uen,  in  autumn  1736,  came  after  a  summer  that  was  warm  indeed,  but  to  no  extra- 
ordinary degree;  and  then  none  of  the  neighboring  towns  suffered,  unless  by  their 
communication  with  the  place  infected.  When  the  question  is  about  a  remote  and 
external  cause,  it  is  to  be  understood,  that  however  prevalent  it  may  be,  it  is  not  suffi- 
cient to  produce  an  effect,  without  a  concurrence  of  the  occasional  or  exciting  causes ; 
and  that  when  these  last,  to  be  afterwards  mentioned,  are  strong,  they  will  sometimes 
produce  the  effect,  independently  of  other  causes. 

"Corresponding  to  the  remote  external,  is  the  internal  predisposing  cause,  namely, 
a  more  than  ordinary  putrescent  state  of  the  blood,  from  a  constant  exposition  to  the 
sun  in  the  hottest  weather.  We  may  likewise  observe,  that  our  men  not  caring  to  eat 
vegetables,  and  not  being  able  to  afford  tlie  price  of  fermented  liquors,  were  in  such 
circumstances  deprived  of  two  considerable  antiseptics.  For  in  general  it  may  be  re- 
marked, that  this  disease  caeteris  paribus  prevails  mostly  among  such  as  are  of  a  scor- 
butic (that  is  a  putrid)  habit,  or  among  the  poorer  people,  who  from  their  foul  air, 
bad  diet,  and  nastiness,  are  most  liable  to  j)utrid  diseases.  And  there  is  an  old  observa- 
tion, that  such  seasons  as  produced  most  flies,  caterpillars,  and  other  insects  (whose 
increase  depends  so  much  on  heat  and  moisture,  and  consequently  on  coi-'ruption)  have 
likewise  been  most  productive  of  the  dysentery. 

"Hitherto  we  have  seen  how  similar  the  causes  are  of  the  remitting  and  inter- 
mitting fevers,  and  of  the  bloody  flux.  Nay,  the  affinity  extends  even  to  the  occasional 
or  exciting  causes;  such,  as  when  in  the  end  of  summer,  or  in  autumn,  the  men  are 
exposed  to  night  damps  and  fogs,  especially  after  a  hot  day,  or  lie  upon  wet  ground. 
Or  in  wet  clothes,  part  of  them  will  be  seized  with  that  kind  of  fever,  and  part  with 
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this  flux;  and  perhaps  some  of  them  will  have  a  disorder  compounded  of  both.  Add  to 
this,  that  those  fevers  begin  to  be  frequent  in  camp  whilst  dysentery  still  subsists;  that 
the  first  symptoms  are  often  similar,  such  as  the  rigors,  and  disorder  of  the  stomach; 
that  the  remitting  and  intermitting  fevers  of  a  more  malignant  kind  have  sometimes 
ended  in  a  bloody  flux;  that  such  countries  as  are  most  subject  to  these  autumnal 
fevers,  are  likewise  most  liable  to  the  dysentery;  and  that  the  analogy  continues  even 
to  the  method  of  cure,  insofar  as  the  principal  part  of  it  consists  in  clearing  the  prvmae 
viae.  Upon  the  whole,  the  nature  of  the  two  distempers  appears  so  much  alike,  that  at 
first  sight  Sydenham  seems  to  have  expressed  himself  justly,  when  he  called  this  flux, 
'the  fever  of  the  season  turned  upon  the  bowels.'  But  upon  a  nearer  view,  we  shall 
find  this  notion  more  acute  than  solid,  since  the  circumstance  of  its  being  contagious 
shows  that  the  dysentery  is  essentially  different  from  these  fevers.  Degner  offers  good 
reasons  for  believing,  that  the  fatal  dysentery  at  Nimeguen  was  owing  to  the  infection 
conmiunicated  by  one  person;  and  if  the  strangers  suffered  so  little,  in  particular  the 
Jews,  we  must  ascribe  that  circumstance  to  the  small  intercourse  which  they  had  with 
the  people  of  the  place. 

"In  camp,  the  contagion  passes  from  one  who  is  ill,  to  his  companions  in  the  same 
tent,  and  from  thence  perhaps  to  the  next. 

"The  foul  straw  becomes  infectious.  But  the  greater  source  of  infection  seems  to 
be  the  privies,  after  they  have  received  the  dysenteric  excrements  of  those  who  first 
fall  ill.  The  hospitals  likewise  spread  it;  for  those  who  are  admitted  with  the  flux, 
not  only  give  it  to  the  rest  of  the  patients,  but  to  the  nurses  and  other  attendants  on 
the  sick. 

"In  general,  the  contagion  is  not  suddenly  diffused.  For  whole  towns  and  camps 
are  never  seized  at  once  by  the  impurity  of  the  atmosphere;  but  the  infection  is  carried 
from  one  to  another  by  the  effluvia,  or  clothes,  or  bedding,  etc.,  of  the  tainted  person, 
as  in  the  case  of  the  plague,  smallpox  and  measles.  But  the  dysenteric  miasma  is  of  a 
less  catching  nature  than  any  of  these;  so  that  in  the  milder  epidemics  it  may  pass 
unnoticed,  as  in  those  described  by  Sydenham  and  Willis,  as  we  observed  before. 

"But  of  what  nature  is  this  infection?  In  the  former  editions  of  this  work,  I  con- 
sidered the  spreading  of  the  distemper  as  owing  to  putrid  exhalations  from  the  humors 
of  those  who  fall  first  ill  of  it.  And  when  this  miasma  is  received  into  the  blood,  I 
conceived  it  to  act  upon  the  whole  mass  as  a  ferment,  disposing  it  to  putrefaction.  But 
I  am  now  sensible  that  this  hypothesis  would  be  insufficient,  without  proving  at  the 
same  time,  that  when  the  blood  is  thus  tainted,  the  vitiated  part  of  it,  by  a  certain 
law  in  the  animal  economy,  must  be  thrown  upon  the  intestines  for  excretion.  Tliis 
notion,  of  a  putrid  ferment,  receives  some  confirmation  from  a  case  which  occurred, 
of  one  who  was  seized  (indeed  in  a  slight  degree)  with  a  dysentery,  accompanied  with 
bloody  stools,  in  making  experiments  upon  human  blood,  which  had  become  putrid  by 
standing  some  jnonths  in  a  close  phial.  This  case  seemed  the  more  decisive,  as  it 
happened  at  a  time  when  the  distemper  was  not  heard  of,  and  to  a  person  in  perfect 
health,  who  had  formerly  attended  many  dysenteric  patients  without  being  infected. 

"Tor  these  reasons  I  was  inclined  to  refer  the  c-ausa  proxima,  or  immediate  cause 
of  the  disease,  to  this  putrid  ferment;  but  having  since  perused  a  curious  dissertation 
published  by  Linnaeus  in  favor  of  Kircher's  system  of  contagion  by  animaloula,  I 
think  it  reasonable  to  suspend  all  hypotJieses  till  that  matter  shall  be  further  inquired 
into. ' ' 

We  have  made  this  rather  long  quotation  from  Pringle's  discussion  of 
the  causes  of  dysentery,  because  we  believe  that  it  is  the  most  scientific 
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statement  of  the  etiology  of  the  dj^senteries  written  up  to  that  time 
(1768).  Moreover,  in  our  opinion,  there  was  a  retrocession  in  the  knowl- 
edge of  the  cause  of  dysenter}-  after  the  time  of  Pringle  extending 
through  more  than  one  hundred  years.  If  during  that  period  army 
surgeons  had  been  familiar  with  Pringle 's  observations,  the  death  rate 
from  disease  in  many  a  campaign  would  not  have  been  as  great  as  it 
proved  to  be.  While  Pringle  shows  respect  for  Sydenham,  he  does  not 
blindly  follow  that  distinguished  author  as  most  medical  writers  did 
for  200  years  after  the  death  of  the  English  Hippocrates.  As  we  have 
seen,  Sydenham  described  a  dry  dysentery,  or,  as  he  called  it,  dry  gripes, 
in  which  there  Avas  no  departure  from  the  normal  in  frequency  of  stool, 
in  the  composition  of  the  evacuated  matter,  or  in  the  symptoms  attend- 
ing defecation.  Pringle,  very  properly  in  our  opinion,  denied  the  pos- 
sibility of  the  existence  of  such  a  form  of  dysentery.  Sydenham  does 
not  make  dysentery  a  seasonal  disease  and,  indeed,  one  who  reads  this 
great  author,  must  come  to  the  conclusion  that  he  paid  but  little  atten- 
tion to  the  relation  between  the  dysenteries  and  the  weather.  Sydenham 
did  not  regard  dysentery  as  a  contagious  or  transmissible  disease,  wdiile 
Pringle  was  evidently  convinced  of  the  contagious  nature  of  the  dis- 
ease. In  the  quotation,  it  will  be  observed  Pringle  says  that  dysentery 
prevails  in  those  seasons  when  flies  and  other  insects  are  most  abundant. 
We  infer  from  the  reading  of  this  paragraph  that  he  believed  the  same 
seasonal  conditions  which  favored  the  development  of  insects  were  like- 
wise favorable  to  the  development  of  dysentery.  It  does  not  appear  that 
he  suspected  flies  or  other  insects  might  be  agents  in  the  transmission  of 
dysentery.  Pringle 's  discussion  of  the  relation  between  the  dysenteries 
and  the  malarial  fevers,  if  we  interpret  it  correctly,  is  still  sound.  On 
this  point  also,  he  differs  from  Sydenham.  The  latter  believed  that  the 
dysenteries  result  from  seasonal  fevers  (malarial  fevers)  ''turned  upon 
the  bowels."  Pringle  evidentl}'  believed  that  the  malarial  fevers  and 
the  dysenteries  are  distinct  diseases,  and  certainly  different  in  their 
etiology.  He  recognized  the  fact  that  having  malarial  fever  did  not 
give  one  immunity  to  dysentery  and  vice  versa,  and  that  the  two  dis- 
eases might,  and  often  did,  manifest  themselves  simultaneously  in  the 
same  individual. 

During  our  Civil  War  (1861-1865)  many  of  our  distinguished  army 
surgeons  were  quite  decidedly  of  the  opinion  that  the  "bloody  flux" 
was  of  malarial  origin,  and  this  opinion  has  not  wholly  disappeared 
from  the  medical  world  today.  Pringle 's  statement  concerning  the 
transmission  of  dysentery  and  the  contagious  nature  of  the  disease  fore- 
cast discoveries,  some  of  which  at  least,  had  to  await  more  than  100 
years  for  their  complete  demonstration.  He  Avrote  that  in  camp  the  con- 
tagion passes  from  one  soldier  to  his  companions  in  the  same  tent.     This 
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statement  did  not  find  its  complete  demonstration  until  the  investiga- 
tions by  the  Typhoid  Commission  were  made  in  1898,  and  this  was  not 
based  upon  studies  of  dysentery,  but  upon  typhoid  studies.  In  his  ob- 
servations that  bedding,  clothes,  tentage,  etc.,  became  bearers  of  this 
contagion^  he  preceded  the  scientific  demonstration  of  this  fact  by  more 
than  a  century.  He  was  quite  convinced  that  latrines  and  other  recep- 
tacles and  deposits  for  fecal  matter  were  connected  in  some  way  with 
the  distribution  of  the  disease.  He  certainly  had  it  in  his  mind  that  the 
discharges  from  the  bowels  of  the  sick  contained  and  carried  to  the 
outer  world  for  distribution,  the  virus  of  the  disease.  At  first,  Pringle 
was  inclined  to  adopt  the  generally  accepted  doctrine  of  the  day  and 
of  all  preceding  time,  that  the  virus  consisted  of  an  indefinite,  indefin- 
able, intangible  miasm  which  floated  in  the  air  and  was  thus  transmitted 
from  the  sick  to  the  well ;  but  it  will  be  seen  from  the  closing  para- 
graph of  the  quotation  that  his  logical  mind  was  not  convinced  by  this 
explanation,  and  the  quotation  closes  with  the  statement  that  he  sus- 
pends all  hypotheses  as  to  the  nature  of  the  contagion  until  further 
investigations  have  been  made.  With  no  desire  to  overemphasize  or 
unduly  stress  the  importance  of  Pringle 's  observations  on  dysentery, 
we  are  quite  convinced  that  they  constitute  a  marked  advance  in  our 
knowledge  of  the  dysenteries,  and  especially  of  these  diseases  as  they 
at  that  time  prevailed  in  camps. 

Besides  contributing  to  the  etiolog.y,  Pringle 's  observations  led  to 
advances  in  the  knowledge  of  the  symptomatology,  pathology,  and 
treatment  of  the  dysenteries.  He  made  autopsies  and  tried  to  study  the 
relations  between  the  symptoms  and  the  postmortem  findings.  As  we 
have  already  seen,  Aretaeus  and  many  who  came  after  him  tried  to 
locate  the  intestinal  lesions  during  life  from  the  nature  and  location  of 
the  pain  and  from  the  examination  of  the  stools.  AA^e  make  the  follow- 
ing quotation  from  Pringle  on  this  point: 

"It  might  be  of  use  to  know,  what  giit  is  particularly  affected  when  the  gripes  are 
most  severe.  But  this  we  can  hardly  ascertain,  considering  how  much  the  intestines 
are  liable  to  change  their  place  by  the  peristaltic  motion,  how  their  situation  may 
vary  in  different  persons,  and  how  readily  the  pain  of  the  colon  may  be  confounded 
with  that  of  the  smaller  guts,  which  are  surrounded  by  it.  In  genei'al,  the  irritation 
of  the  stomach  and  higher  intestines  is  attended  with  more  sickness  than  gripes;  and 
therefore,  when  the  gripes  are  most  acute  without  sickness,  it  is  probable  that  the 
spasm  is  lower  down.  When  the  pain  is  about  the  middle  of  the  beUy,  we  may  presume 
that  the  spasm  is  in  the  smaller  intestines;  but  we  cannot  be  certain,  as  in  some  sub- 
jects the  upper  tlexure  of  the  colon  has  been  found  as  low  as  the  umbilical  region. 
Pains  in  the  sides,  back,  and  region  of  the  kidneys,  may  be  referred  to  the  colon;  but 
if  the  pains  are  felt  towards  the  os  sacrum,  we  may  then  suspect  that  the  upper  part 
of  the  rectum  is  affected.  For  the  pain  arising  from  the  irritation  of  that  gut  may  be 
referred  equally  to  the  back,  and  to  the  lower  part  of  the  belly;  as  a  stone  descending 
from  the  ureters  is  felt  both  ways,  behind   as  well   as  before.     But   when   the   loAver 
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extremity  of  the  rectum  is  irritated,  the  spasm  seems  not  then  to  be  so  much  pro- 
ductive of  pain  asi  of  a  violent  nisns  drawing  into  consent  the  muscles  of  that  part, 
as  well  as  others  which  act  in  discharging  the  feces." 

Annesley,  in  the  thirties  of  the  nineteenth  century,  wrote  quite  ex- 
tensively concerning  the  diseases  of  India,  including  dysentery,  of  which 
he  describes  two  forms  as  mostly  prevalent — acute  and  hepatic  dysen- 
iery.  The  former,  according  to  his  statement,  was  more  prevalent 
among  recent  comers  to  India,  while  the  latter  caused  a  high  death 
rate  among  English  who  had  been  some  years  in  India.  So  far  as  the 
causation  of  the  dysenteries  is  concerned,  Annesley  might  have  been 
a  hundred  years  or  more  before  Pringle  instead  of  being  one  hundred 
years  after  him.  The  later  author  seems  to  have  had  no  definite  or 
intelligent  ideas  concerning  the  etiology  of  the  dysenteries,  as  the  fol- 
lowing quotation  Avill  indicate : 

"Of  dysenteries  as  well  as  of  fevers,  it  may  be  confidently  stated,  that  all  situations 
piroductive  of  terrestrial  emanations,  or  malaria,  and  which  furnish  exhalations  from 
the  decay  of  animal  and  vegetable  productions,  under  the  operation  of  a  moist  and 
hot  state  of  the  atmosphere,  will  always  occasion  dysentery  in  the  predisposed  subject; 
and  that  the  seasons  of  an  intertropical  country,  in  which  a  moist  state  of  the  air  is 
conjoined  with  the  greatest  daily  range  or  sudden  vicissitudes  of  temperature,  are 
those  that  are  generally  most  conducive  to  the  generation  of  this  disease." 

This  author  does  think  water  might  play  some  part  in  the  causation 
of  the  dysenteries.     He  wrote: 

' '  I  have  frequently  remarked  the  veiy  powerful  influence  of  brackish  water,  and 
water  which  has  been  kept  for  a  considerable  time  shut  up  from  the  air,  and  in  a 
stagnant  condition,  and  particularly  from  Avater  taken  from  marshes,  in  the  production 
of  dysentery.  I  believe  that  the  frequency  of  this  disease  amongst  the  crews  of  ships 
during  the  sixteenth  and  seventeenth  centuries,  especially  in  warm  climates,  was  chiefly 
owing  to  the  unwholesome  nature  of  the  water,  acquired  by  being  long  kept  excluded 
from  the  air  in  wooden  casks.  Water,  under  such  circumstances,  especially  river  water, 
soon  acquires  a  putrid  and  very  offensive  smell,  becomes  thick  and  muddy,  and  abounds 
with  auimalcula. " 

In  regard  to  the  contagiousness  of  dysentery,  Annesley  wrote  as 
follows : 

"As  the  disease  is  met  with  in  warm  climates,  it  seldom  or  never  proves  contagious. 
I  know  of  no  instance  in  which  it  has  proved  itself  such  in  India.  This,  doubtless,  is 
owing  to  the  circumstances  under  which  it  is  usually  met  with  in  warm  countries,  to 
the  causes  whence  it  most  frequently  springs,  and  to  the  free  ventilation  and  attention 
to  cleanliness  which  are  always  observed  when  numerous  cases  of  this  disease  are  ad- 
mitted into  hospitals.  Although  it  appears  both  endemically  and  epidemically,  under 
circumstances  favorable  to  its  prevalence,  yet  no  unequivocal  case  of  communication 
of  the  disease  from  one  person  to  another,  who  has  not  been  subjected  to  the  causes 
whence  it  usually  proceeds,  has  been  satisfactorily  made  out  in  India,  during  my  prac- 
tice in  that  country.  I  do  not  deny,  however,  that  under  circumstances  of  crowding 
together  of  the  sick,  want  of  ventilation,  and  inattention  to  cleanliness,  or  when  it  is 
complicated  with  typhoid   and  malignant  fevers,  it  will  not   evince  this  property;    in- 
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deed;  that  it  should  evince  it,  is  conformable  to  the  laws  which  seem  to  influence  the 
human  economy;  and  is  only  an  example  of  the  activity  of  one  of  the  causes  which  I 
am  convinced  is  amongst  the  most  influential  in  producing  the  disease,  namely,  putrid 
animal  emanations  floating  in  a  warm,  stagnant,  and  moist  atmosphere."   • 

The  nature,  prevalence,  causes,  and  the  varieties  of  the  alvine  fluxes 
prevalent  among  the  soldiers  during  our  Civil  War  were  recorded  and 
described  in  a  most  masterly  way  by  Woodward.  These  diseases  were 
divided  into  acute  and  chronic  diarrhea  and  acute  and  chronic  dysentery. 
The  figures  showing  cases  and  deaths  from  these  diseases  among  white 
and  colored  troops  are  given  in  Table  XVIII. 

Table  XVIII 


WHITE  TROOPS,  FROM 

COLORED  TROOPS,  FROM 

MAY  1, 

1861, TO 

JULY  1, 

1863,  TO 

TOTAL 

JUNE 

30, 

,1866 

JUNE 

30, 1866 

OASES 

DEATHS 

CASES 

DEATHS 

CASES 

DEATHS 

Acute  Diarrhea 

1,155,226 

2,923 

113,801 

1,368 

1,269,027 

4,291 

Chronic  Diarrhea 

170,488 

27,558 

12,098 

3,278 

182,586 

30,836 

Acute   Dysentery 

233,812 

4,084 

25,259 

1,492 

259,071 

5,576 

Chronic  Dysentery 

25,670 

3,229 

2,781 

626 

28,451 

3,855 

Total 

1,585,196 

37,794 

153.939 

6,764 

1,739,135 

44,558 

Woodward  says  that,  great  as  these  figures  are,  they  are  too  small, 
and  he  estimates  the  total  deaths  from  diarrhea  and  dysentery  among 
the  Federal  troops  during  the  war  at  57,265.  Among  the  white  troops, 
there  was  one  case  of  chronic  for  every  six  of  acute  diarrhea  and  one 
case  of  chronic  for  every  nina  of  acute  dysentery.  Among  the  colored 
troops,  there  was  one  case  of  chronic  for  every  nine  of  acute  diarrhea 
and  one  of  chronic  to  every  nine  of  acute  dysentery.  It  should  be 
understood  in  making  these  statements  that  the  number  of  acute  cases 
reported  is  larger  than  the  number  of  individual  soldiers  taken  sick, 
for  the  simple  reason  that  one  individual  may  represent  two  or  more 
cases.  Among  the  white  troops,  there  was  one  death  to  every  395  cases 
of  acute  diarrhea;  one  to  every  57  cases  of  acute  dysentery;  one  to 
every  six  of  chronic  diarrhea,  and  one  to  every  eight  of  chronic  dysen- 
teiw.  Among  the  colored  troops,  there  was  one  to  every  83  cases  of 
acute  diarrhea;  one  to  every  17  of  acute  dysentery;  one  to  every  four 
of  chronic  diarrhea,  and  one  to  every  four  and  one-half  of  chronic 
dysentery.  In  Woodward's  opinion,  the  cases  reported  as  chronic  diar- 
rhea and  as  chronic  dysentery  were  due  to  the  same  cause,  and  were  in 
reality  cases  of  dj^sentery.    He  says : 

"Numerous  records  of  postmortem  examinations  show  that  the  disease  generally 
called  chronic  diarrhea  was  an  affection  of  the  large  intestine,  which  was  thickened, 
softened,  and  ulcerated,  or  covered  with  pseudomembrane,  or  both;  that  in  short  the 
lesions  in  the  cases  reported  as  chronic  diarrhea  were  identical  with  those  observed  in 
the  cases  reported  as  chronic  dysentery." 
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Table  XIX  sIioavs  the  number  of  eases  and  deaths  from  diarrhea  and 
dysentery  among  Avhite  troops  for  each  year,  with  the  annual  ratio  per 
1,000  of  mean  strength,  and  the  number  of  cases  to  each  death: 


Table  XTX 


ANNUAL  RATIO  ANNUAL  RATIO 

NUMBER      NUJIBER.      OF  CASES  PER  OF  DEATHS  PER      NUMBER  OP 

OF  OF  1000  OF  MEAN  1000  OF  MEAN       CASES   TO 

CASES  DEATHS  STRENGTH  STRENGTH  EACH  DEATH 


May  and  June,  1861  9,772 

Year  ending  June  30, 1862  215J058 

Year  ending  June  30, 1863  521,879 

Year  ending  June  30,  1864  395,720 

Year  ending  June  30,  1865  393,783 

Year  ending  June  30,  1866  48,984 


4 

. . . 

1,205 

770 

4.17 

178 

10,554 

850 

15.99 

49 

10,661 

639 

15.78 

37 

13,740 

686 

21.29 

29 

1,630 

494 

16.00 

30 

Commenting  on  the  above  table,  Woodward  writes: 

"It  will  be  observed  that  the  ratio  of  deaths  to  strength  during  tlie  second  and 
tliird  years  of  tlie  war  is  about  four  times  that  of  the  tirst  year;  during  the  fourth 
year  it  was  more  than  five  times  as  great ;  and  during  the  year  following  the  war  the 
mortality  again  diminished  to  about  what  it  had  been  during  the  second  and  third 
years.  It  will  also  be  seen,  from  the  number  of  cases  to  each  death  as  j)i'esented  in  the 
table,  that  the  proportion  of  deaths  to  cases  during  the  last  year  of  the  war  was  six 
times  greater  than  it  was  during  the  first,  and  that  the  diminished  mortality  during 
the  year  following  the  war  was  due  to  a  diminution  in  the  number  rather  than  in  the 
severity  of  the  cases. ' ' 

These  findings  are  in  conformity  with  observations  made  concerning 
the  prevalence  of  diarrhea  and  d^^sentery  among  troops  in  all  parts  of 
the  world.  At  first  assembly  there  are  only  a  feAV  cases  and  the  death 
rate  is  low  or  there  are  no  deaths.  As  time  progresses  and  new  recruits 
come  in,  the  number  of  cases  increases  and  the  fatality  greatly  in- 
creases. After  a  still  longer  time,  there  may  be  no  increase  in  the  pro- 
portionate number  of  cases,  but  the  case  mortalit.v  continues  to  increase. 
An  apparent  exception  to  this  was  observed  by  Woodward  among  the 
colored  troops.    He  wrote: 

"In  the  ease  of  the  colored  troops  a  similar  increase  in  the  total  mortality  from 
diarrhea  and  dysentery  with  the  progress  of  the  war  is  not  observed.  The  ratio  of 
deaths  to  strength  is,  in  fact,  greatest  during  the  first  year  represented  by  the  returns, 
and  diminished  during  subsequent  years.  At  first  sight  these  results  would  appear  to 
invalidate  the  explanation  of  the  steadily  increasing  mortality  from  diarrhea  and 
dysentery  among  the  white  troops  which  has  just  been  offered,  Imt,  in  fact,  the  cir- 
cumstances under  which  most  of  the  colored  troops  were  first  mustered  into  service  were 
very  different  from  those  which  surrounded  the  white.  The  recruits  were  largely  found 
among  the  escaped  slaves  who  accumulated  in  large  numbers  within  the  lines  of  our 
armies,  and  who  had  suffered  much  from  exposure  and  privation  before  they  enlisted. 
Moreover,  from  want  of  discipline  -and  other  causes,  the  hygienic  conditions  which  at 
first  prevailed  in  their  camps  were  of  the  most  unfavorable  character.     With  subsequent 
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improvement  in  the  disciijliiie  and  hygienic  management  of  tlie  colored  troops  the  mor- 
tality from  diarrhea  and  dysentery  progressively  diminished." 

Among  both  white  and  colored  troops,  and  in  all  areas,  diarrhea  and 
dysentery  were  most  frequent  during  the  summer  and  autumn. 

From  fragmentary  reports,  Woodward  concludes  that  diarrhea  and 
dysentery  caused  nearly  twice  as  much  illness  in  the  Confederate  as 
among  the  Federal  soldiers. 

' '  So  far  as  we  can  ascertain,  the  mortality  from  these  diseases  among  the  prisoners 
held  by  the  Confederates  amounted  to  more  than  half  of  all  the  deaths  from  disease." 

From  March  to  August,  1864,  the  number  of  prisoners  held  at  Ander- 
sonville,  Ga.,  varied  from  7,500  in  March  to  32,899  in  August.  In  Sep- 
tember of  that  year  a  Confederate  medical  officer,  Jones,  made  a  report 
upon  conditions  in  this  prison,  from  which  we  make  the  following  quota- 
tion : 

"During-  the  six  months,  12,090  cases  and  3,530  deaths  from  acute  and  chronic 
diarrhea,  and  4,682  cases  and  999  deaths  from  acute  and  chronic  dysentery,  Avere  re- 
corded. The  cases  of  diarrhea  and  dysentery  together  numbered  16,772,  or  nearly  one- 
half  of  the  total  number  of  sick  and  woimded.  The  deaths  caused  by  these  two  dis- 
eases are  recorded  at  4,529,  or,  in  other  words,  these  diseases  caused  more  than  one-half, 
or  more  exactly  58.7  per  cent,  of  all  the  deaths.  These  figiires  are  below  the  truth. 
As  far  as  my  personal  examinations  extended,  almost  every  prisoner  was  affected  with 
either  diarrhea  or  dysentery. ' ' 

Woodward  gives  the  following  description  of  the  prison  at  Ander- 
son ville: 

' '  Camp  Sumter,  as  the  depot  was  designated  by  the  Confederate  authorities,  was 
situated  about  half  a  mile  from  Andersouville  station,  on  the  southwestern  railroad 
leading  from  Macon  to  Americus,  Ga.  Originally  about  17  acres  of  ground  were  en- 
closed by  a  stockade  of  pine  logs  20  feet  high.  The  first  prisoners  arrived  in  Februaiy, 
1864;  by  Aj^ril  there  were  10,000.  In  July,  the  number  of  prisoners  being  above 
29,000,  and  more  being-:  expected,  the  stockade  was  enlarged  to  an  area  of  23  acres  and 
a  lialf.  Through  this  enclosure  flowed  a  sluggish  stream  of  water  about  six  feet  in 
width,  bordered  on  each  side  by  a  low  swamp,  which  occupied  six  acres  of  the  narrow 
territory  allotted  to  the  prisoners.  Into  this  stream  and  swamp  the  drainage  of  the 
camp  took  place,  and  the  stream  was  at  the  same  time  the  chief  source  of  water-supply. 
No  shelter  was  provided  by  the  Confederate  authorities  except  for  the  hospital,  but 
some  of  the  prisoners  contrived  to  build  huts  of  pine  boughs  roofed  with  pieces  of 
shelter  tents,  while  others  burrowed  in  the  ground.  There  is  conclusive  evidence  that 
the  rations  furnished  were  of  poor  quality  and  insufficient  in  quantity.  Unbolted  corn 
meal  was  chiefly  used  instead  of  flour,  and  the  fragments  of  husk  which  it  contained 
seemed  to  aggravate  the  tendency  to  diarrhea  and  dysentery.  A  scorbutic  condition 
of  the  system  was  consequently  almost  universal.  The  hospital  accommodations  were 
most  meager  and  inadequate.  At  first  a  corner  of  the  stockade  was  set  aside  for  the 
pui-pose.  In  the  latter  part  of  May  the  hospital  was  removed  to  a  point  outside  of  the 
southwest  angle  of  the  prison  enclosure.  Here,  in  a  space  of  about  five  acres,  nearly 
2,000  sick  were  scantily  sheltered  by  old  and  rag-ged  tents.  The  number  of  bunks  was 
insufficient,  and  many  of  tlie  patients  lay  on  the  ground  w-ithout  even  a  lilnnkct.     The 
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mortality   which    prevailed   was   the    inevitable    result    of    overcrowding,    exposure,   and 
starvation. ' ' 

In  no  northern  prison  at  any  time  were  there  as  many  prisoners  as 
there  were  at  Andersonville.  Besides,  in  the  North  there  was  no  reason 
that  the  rations  should  be  so  restricted  as  they  were  at  Andersonville. 
Considering  the  smaller  number  in  any  one  prison  in  the  North  and  com- 
paring the  conditions  existing  in  the  North  and  in  the  South,  Con- 
federate prisoners  in  the  North  fared  but  little  better,  so  far  as  diarrhea 
and  dysentery  were  concerned,  as  is  shown  by  the  following  report  taken 
from  Woodward,  of  the  conditions  at  Camp  Chase: 

' '  The  monthly  reports  of  sick  and  wounded  for  the  depot  of  prisoners  at  Camp 
Chase  near  Columbus,  Ohio,  commence  May  20,  1863,  when  500  prisoners  were  reported 
at  the  post.  There  were  at  that  time  a  large  number  of  paroled  United  States  soldiers 
at  Camp  Chase,  and  the  sick  reports  include  the  sick  among  them  and  the  guard,  as 
well  as  among  the  x^iisoners.  After  the  first  of  February,  1864,  separate  sick  reports 
were  made  for  the  prisoners.  Prior  to  that  time  there  is  no  means  of  ascertaining 
the  number  of  cases  among  them;  but  the  deaths  were  recorded  by  name,  and  were 
131  in  number.  Of  these,  four  died  of  wounds,  38  of  diarrhea  and  dysentery,  25  of 
typhoid  fever,  and  19  of  pneumonia.  The  separate  reports  extend  from  February,  1864, 
to  June,  1865,  inclusive,  a  period  of  17  months.  The  mean  number  of  prisoners  present 
was  3,570;  the  greatest  mean  number  for  any  one  month  was  7,760,  during  February, 
1865.  During  the  period  of  17  months  covered  by  the  rex^orts  there  were  4,063  cases 
of  diarrhea  and  dysentery  and  226  deaths,  being  at  the  rate  of  803  cases  and  44.69 
deaths  per  1,000  of  mean  strength  annually." 

While  Woodward's  report  is  satisfactory  so  far  as  the  symptomatology 
and  the  pathology  of  these  diseases  are  concerned,  his  chapter  on  the 
causes  of  diarrhea  and  dysentery  shows  that  he  was  quite  as  ignorant 
of  these  matters  as  was  Aretaeus,  who  wrote  in  the  first  century  of  the 
Christian  era.  Woodward  considers  the  insoluble  and  soluble  constituents 
of  drinking  water,  vegetable  and  animal  contamination,  and  finds  that 
none  of  these  satisfactorily  explains  the  prevalence  of  diarrhea  and 
dysentery.  He  was  halfway  convinced  that  the  virus  of  these  diseases 
is  present  in  the  stools  of  the  sick,  and  in  one  or  two  places  he  almost 
hits  upon  the  true  cause  of  the  wide  prevalence  of  diarrhea  and  dysen- 
tery in  the  camps.    He  says : 

"The  graphic  langaiage  of  medical  inspector  Summers  shows  that,  as  late  as  the 
summer  of  1863,  the  great  western  army  under  General  Grant  had  not  yet  learned. the 
lesson  which  Moses  taught  the  Israelites,  when  he  made  it  a  religious  duty  to  bury 
their  excrement  beneath  the  soil;  and  I  know  of  no  reason  for  believing  this  particular 
army  to  have  been  less  cleanly  than  the  others.  Certainly,  I  myself  often  witnessed 
such  scenes  as  Dr.  Summers  has  described,  in  the  vicinity  of  the  camps  of  the  Army 
of  the  Potomac,  before  Washington  and  on  the  Peninsula.  It  is  true  that  army  regula- 
tions directed  sinks  to  be  dug  in  the  vicinity  of  every  camp,  and  it  was  generally 
directed  that  each  day's  deposits  should  be  covered  with  earth.  But  it  was  long  before 
the  men   learned  to   use   the  trenches   exclusively,   and   they   were   too   often   so   badly 
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managed  that  it  was  disgusting  to  use  tliem.  Tlie  brush  and  timber  in  the  vicinity  of 
the  camps  usually  bore  positiye  testimony  to  the  common  neglect  of  the  regulations  on 
this  important  subject.  Where  the  water-supply  was  derived  wholly  or  in  part  from 
shallow  surface  wells,  these  were  not  infrequently  so  situated  that  every  rain  must  have 
washed  into  them  more  or  less  of  the  fecal  matter  that  polluted  the  soil.  Where  camp 
sites  were  long  occupied,  additional  sources  of  surface  contamination  were  afforded 
by  the  offal  of  cattle  slaughtered  for  food,  which  was  too  often  imperfectly  buried, 
and  without  due  regard  to  any  relation  between  the  situation  of  the  place  of  burial 
and  the  wells.  The  same  remark  applies  to  the  burial  of  dead  horses,  but  I  believe 
rarely  to  dead  men,  who  were,  I  think  more  faithfully  and  discreetly  buried  than  in 
any  other  war  of  similar  magnitude. ' ' 

Although  Woodward  seldom  speaks  with  positiveness,  there  are  to 
be  found  in  his  voluminous  reports  some  suggestions,  the  value  of  which 
has  been  more  recently  demonstrated.  For  instance,  no  less  an  authority 
than  Virchow  had  taught  that  dysentery  may  be  due  to  constipation 
and  the  consequent  ammoniacal  fermentation  of  fecal  matter  in  the  in- 
testine. Woodward  disposes  of  this  error  by  showing  statistically  that 
dysentery  in  the  great  majority  of  cases  is  not  preceded  by  constipation. 
He  wrote: 

"A  soldier  suffering  merely  from  constipation,  who  receives  a  purgative  from  tlie 
regimental  surgeon,  is  reported  as  a  case  of  constipation  if  excused  from  duty.  The 
number  of  such  eases  reported  among  the  white  troops  during  the  five  years  ending 
June  30,  1866,  was  145,960.  These  figures  do  not  include  any  of  those  occurring  in  the 
hospital  population,  and  of  course  represent  only  the  more  serious  cases  of  constipation; 
yet  the  number  is  so  large  that  their  disitribution  by  season  and  region  must  give  a 
very  just  idea  of  the  actual  distribution  of  constipation  among  our  troops.  Now  it  is 
worthy  of  note  that  the  ratios  deduced  from  these  figures  do  not  show  any  agreement 
in  the  regional  distribution  of  constipation  with  that  of  dysentery  during  the  war. ' ' 

It  had  been  argued  by  no  less  an  authority  than  the  great  English 
sanitarian,  Parkes,  that  the  suspended  and  soluble  inorganic  substances 
in  the  waters  of  rivers  might  be  the  true  cause  of  dysentery.  It  is 
true  that  many  others  had  shown  this  to  be  erroneous,  but  Woodward 
collected  the  evidence  and  finally  disposed  of  the  matter.  He  also  con- 
vinced himself,  though  he  is  not  altogether  clear  on  this  matter,  that 
an  army  cannot  rid  itself  of  diarrhea  and  dysentery  by  changing  its 
location.  Furthermore,  Woodward  was  quite  convinced  that  there  is 
no  causal  relation  between  malaria  and  dysentery.     He  wrote : 

"Certainly  in  our  ovra  Civil  War,  although,  as  has  already  been  shown  in  detail,  the 
malarial  regions  suffered  most,  no  district  in  which  troops  were  massed  for  Avar  pur- 
poses was  exempt  from  the  scourge  (dysentery)." 

Woodward  asked  himself,  "Is  dysentery  contagious?"  To  this  ques- 
tion he  gives  no  well-defined  or  satisfactory  answer.  It  must  be  under- 
stood that  at  that  time  contagion  had  a  narrow  meaning.  It  generally 
meant  that  a  contagious  disease  is  one  which  a  susceptible  individual 
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contracts  on  merely  coming  into  the  presence  of  the  sick.  As  thus 
understood,  dysentery  is  certainly  not  a  contagious  disease.  Hundreds, 
and  probably  thousands,  of  soldiers  with  dysentery  were  furloughed 
home,  and  in  no  case  could  it  be  shown  that  an  epidemic  resulted  in 
consequence  of  this.  Woodward  was  not  ready  to  admit  that  something 
might  not  be  done  in  order  to  prevent  diarrhea  and  dysentery  in  camps, 
but  he  did  not  have  the  exact  knoAvledge  necessary  to  enable  him  to 
say  just  what  should  be  done.     On  this  point  he  wrote : 

"Still  less  can  I  admit  that  in  the  case  of  armies  in  times  of  war  the  prevalence 
of  diarrhea  and  dysentery  in  the  camps  is  of  itself  any  necessary  indication  of  the 
existence  of  a  genuine  epidemic  or  endemic  influence  over  which  human  agencies  could 
be  hoped  to  exercise  little  or  no  control.  Not  recent  investigations  only,  but  the  gen- 
eral tenor  of  all  military  medical  history  is  thoroughly  opposed  to  any  such  deplorable 
doctrine.  On  the  contrary,  a  careful  survey  of  the  evidence  seems  fully  to  justify  the 
belief  that  these  diseases  generally  result  from  the  simultaneous  action  upon  large 
numbers  of  men  of  several  of  the  predisposing  and  exciting  causes  which  have  been 
discussed;  some  of  the  most  dangerous  of  which — contaminated  drinking  water,  insuf- 
ficient or  faulty  alimentation,  camp  filth  of  every  kind,  especially  human  excreta,  and 
all  the  reckless  exposures  and  fatigues  which  are  not  required  by  the  actual  necessities 
of  the  campaign — it  is  quite  possible,  even  in  the  present  state  of  our  knowledge,  for 
an  intelligent  medical  staff  to  j)oint  out  and  a  wise  army  administration  to  avoid. ' ' 

It  seems  strange  to  us  now  that  of  the  thousands  of  bright,  keen 
medical  officers  in  our  Civil  War  no  one  appears  to  have  thought  of 
the  possibility  of  settling  the  question  as  to  the  presence  of  the  Anrus 
of  dysentery  in  the  stools  of  the  sicl^  by  animal  experimentation.  It 
must  be  remembered,  however,  that  at  the  time  of  the  Civil  War,  the 
first  facts  concerning  the  true  nature  of  infection  were  being  gathered 
in  France  by  the  work  of  Pasteur,  Davaine,  Villemin,  and  others.  At 
that  time  bacteriology  and  its  methods  constituted  a  closed  volume,  the 
first  pages  of  which  had  never  been  read.  Army  medical  officers  knew 
nothing  about  the  microscope,  except  what  possibly  a  few  of  them  had 
read.  This  instrument  was  not  found  in  any  hospital,  and  the  hospital 
laboratory  other  than  that  pertaining  to  pathology,  did  not  exist.  The 
miasmatic  theory  of  tlie  spread  of  disease  still  dominated  and  held  in 
bondage  the  medical  profession. 

There  is  one  great  disappointment  in  Woodward's  report.  So  far 
as  diarrhea  and  dysentery  are  concerned,  there  was  absolutely  no  epi- 
demiologic study  of  value.  For  this  there  seems  to  have  been  no  ade- 
quate excuse.  Epidemiology  is  much  older  than  bacteriology  and, 
while  the  latter  has  been  helpful  to  the  former,  it  has  not  always  been 
and  is  not  even  now,  an  essential  helper.  Hundreds  of  years  before 
the  Civil  War,  Helidaeus,  of  Padua,  had  shoAvn  that  dysentery  might  be 
transferred  from  the  sick  to  the  well  by  the  use  on  both  in  proper 
sequence   of   clyster  pi]:)es  not  properly   cleaned.     It   would   have   been 
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easy  for  some  arni}^  surgeon  to  have  injected  dysenteric  stools  into  the 
rectum  of  some  animal,  and  it  would  have  been  altogether  justifiable 
had  this  experiment  been  made  upon  man.  The  contagious  or  infectious 
nature  of  dysentery  had  been  taught  by  Sennertus,  van  Swieten, 
Pringle,  and  by  many  others.  Gilbert  had  shown  that  epidemic  dysen- 
tery in  the  French  army  in  1807  was  highly  contagious,  and  he  had 
made  it  quite  certain  that  the  virus  is  contained  in  the  stools.  It  is  true 
that  the  infectious  nature  of  dysentery,  even  by  some  of  those  who  held 
it,  had  been  made  to  conform  with  the  miasmatic  theory,  and  this  idea 
certainly  had  great  influence  on  those  who  furnished  the  data  for  the  his- 
tory of  diarrhea  and  dysentery  in  our  Civil  War. 

During  the  Franco-German  War  (1870-1871)  dysentery  became  a 
serious  disease  in  both  armies  and  in  the  civil  populations  of  the  be- 
sieged cities  of  Paris  and  Metz.  Writing  in  January,  1871,  Virchow 
said: 

*  *  The  present  war  has  shattered  one  dogma  after  another  put  forth  by  the  credu- 
lous. First,  that  modern  arms  have  rendered  fortifications  useless.  Second,  that  a 
modern  war  must  be  of  short  duration.  Third,  that  a  modern  war  would  be  a  duel 
lietween  armies,  while  noncombatants  of  both  countries  would  remain  in  peace  and 
friendship.  Finally,  the  dogma,  that  the  plagues  of  field  and  camp  belong  only  to 
history. 

"At  the  beginning,  the  present  war  promised  to  fulfill  these  predictions.  A  series 
of  great  and  apparently  decisive  battles  carried  the  victorious  armies  into  the  heart  of 
the  enemy's  country.  The  killed  and  wounded  were  left  behind,  but  the  soldiers  in 
full  health  and  vigor  marched  on.  Soon  all  was  changed.  Open  warfare  was  replaced 
by  siege.  The  besieging  armies  about  Paris  and  Metz  and  the  besieged  within  these 
cities  were  greater  than  history  had  ever  known  under  similar  conditions.  Then,  the 
plagues  of  war  grew  in  strength  and  volume.  Around  Metz,  the  ancient  home  of 
dysentery  and  typhus,  these  foes  to  health  sprang  into  renewed  growth.  In  the  be- 
sieging army  first  dysentery  and  then  typhus  wrought  havoc.  The  hospitals  improvised 
in  school  buildings  and  public  halls  and  the  hastily  constructed  barracks  for  the  sick 
were  soon  overfilled  and  an  endless  train  bearing  sick  and  dying  began  moving  to  the 
hospitals  at  home.  By  the  middle  of  October  more  than  50,000  had  been  thus  trans- 
ferred. The  fate  of  those  within  the  city  v/as  no  less  deplorable.  Of  these  more  than 
25,000  sick  and  wounded  were  found  at  the  time  of  capitulation. 

"From  the  anny  about  Paris  the  first  news  Avas  good.  The  health  of  the  soldiers 
was  according  to  the  official  bulletins  excellent.  Then,  from  private  sources  there  came 
disquieting  rumors :  dysentery  is  there !  typhus  is  there !  Finally  came  the  fearful 
epidemic  of  smallpox  among  the  Parisians  unprotected  as  they  were  by  vaccination. ' ' 

The  greatest  German  physicians  of  that  time,  such  as  Virchow,  Heub- 
ner,  Seitz,  and  others,  believed  that  dysentery  is  due  to  a  miasm  which 
arises  from  the  soil  of  certain  localities.  They  went  back  50  years,  even 
100  years,  to  prove  that  there  had  been  dysentery  in  and  around  Paris 
and  Metz.     Heubner  wrote  as  follows: 

"Attention  has  been  turned  with  success,  however,  to  certain  peculiarities  of  the 
soil  of  those  countries  where  dysentery  is  endemic.     It  has  come  to  light  that  every- 
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where  in  the  tropics  there"  has  been  a  close  connection  between  dysentery  and  malignant 
intermittent  and  remittent  fevers;-  that  the  fevers  indeed  in  certain  regions  (Guyana) 
may  make  their  appearance  in  the  form  of  dysentery,  and  at  times  even  with  inter- 
mittent character.  From  these  observations  the  suggestions  naturally  arose  that  the 
miasma  of  dysentery  like  that  of  malaria,  depended  on  vegetable  and  animal  material 
in  swampy  land.  Even  the  well-known  passage  of  Hippocrates  suggests  this  idea,  and 
various  writers  of  the  middle  ages  and  modern  time,  especially  the  observers  of  tropical 
dysentery,  and  even  those  who  are  content  with  purely  mechanical  causes  for  dysentery 
in  special  cases,  come  back  finally  to  miasma  from  the  ground,  when  it  is  a  question 
of  the  etiology  of  the  affection. 

"Even  the  dysentery  of  wars  which  may  develop  so  rapidly  among  large  masses  of 
persons  when  they, change  their  position  does  not  contradict  this  idea.  This  dysentery 
is  always  dependent  on  situation.  It  develops  itself  only  in  such  places  as  are  pecu- 
liarly predisposed  to  it.  In  the  last  war  (1870)  Virchow  and  Seitz  rightly  called  atten- 
tion to  the  fact  that  dysentery  developed  into  an  epidemic  chiefly  in  the  camps  around 
Paris  and  Metz;  places  that  were  already  known  to  have  been  infested  with  endemic 
fever  or  dysentery. 

''We  may  then  adopt,  as  the  cause  of  epidemic  and  endemic  dysentery  a  miasma, 
which  is  develoj)ed  under  the  influence  of  a  tropical  climate,  or  of  one  resembling  a 
tropical  climate,  in  a  soil  of  a  certain  moist  and  perhaps  swampy  character;  in  an 
analogous  way  with  malarial  poison;  i.  e.,  under  conditions  which  exist  in  some  parts 
of  the  tropics  every  year, — in  the  temperate  zones  only  from  time  to  time.  We  must, 
however,  not  suppose  that  dysentery  poison  and  malaria  poison  are  identical,  which  is 
certainly  not  the  case,  for  there  are  many  fever  regions  where  there  is  no  dysenteiy. 
*  *  *'  Indeed  we  know  nothing  more  of  this  hypothetical  miasma  than  what  has 
been  said.  We  do  not  know  whether  it  is  gaseous  or  corporeal,  etc.  The  parasitic 
theory  of  Linnaeus,  who  considered  dysentery  to  be  itch  of  the  intestine,  had  to  be 
given  up  long  ago. ' ' 

This  idea  of  the  evil  genius  of  localities  has  come  down  to  us  from 
remote  time,  and  evidently  as  late  as  1870,  dominated  the  epidemiologic 
conceptions  of  even  so  great  a  man  as  Virchow;  indeed,  this  idea  has 
prevailed  at  later  periods.  In  our  chapter  on  typhoid  fever,  we  have 
called  attention  to  the  fact  that  intelligent  officers  believed  that  the 
fever  prevailing  in  their  camps  was  due  to  a  miasm  peculiar  to  that 
locality.  It  is  still  natural  for  man  to  attribute  the  ills  that  fall  upon 
him  to  the  locality  in  which  they  occur.  He  is  slow  to  realize  that 
through  his  own  ignorance  he  may  pollute  and  render  insalubrious  the 
fairest  spots  on  earth. 

During  the  Spanish-American  and  Boer  Wars,  dysentery  was  so  over- 
shadowed by  typhoid  fever  that  it  received  scant  mention,  and,  indeed, 
we  have  no  evidence  that  in  either  this  country  or  in  South  Africa 
during  these  wars  did  dysentery  play  an  important  role.  It  is  possible 
that  the  feeble  and  inadequate  attempts  that  w^ere  made  in  camp  sani- 
tation during  these  wars  played  some  part  in  the  suppression  of  dj^sen- 
tery  but  were  insufficient  to  have  any  marked  effect  upon  the  control 
of  typhoid  fever. 

During  the   World  War   the  prevalence    of   diarrhea   and   dysentery 
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varied  greatly  and  directly  with  the  efficiency  with  which  sanitary 
regulations  were  carried  out.  In  our  home  camps  there  was  but  little 
dysentery,  due  to  the  thoroughness  with  Avhich  the  drinking  water  was 
chlorinated,  excreta  disposed  of,  and  the  camps  kept  clean.  The  high- 
est annual  morbidity  rate  from  this  disease  among  soldiers  in  this  coun- 
try occurred  in  October,  1917.  This  was  not  above  three  per  1,000, 
and  at  no  time  after  this  did  the  rate  reach  higher  than  1.5  per  1,000. 
The  highest  points  reached  in  1918  in  the  camps  in  this  country  occurred 
in  June  and  November.  During  every  other  month  throughout  the 
war  the  rate  for  dysentery  morbidity  in  the  camps  in  this  country  was 
less  than  one  per  1,000.  In  the  Expeditionary  Forces  there  Avas  a 
marked  increase  in  this  disease  during  the  summer  and  fall  of  1918 
when  our  troops,  along  w^ith  our  allies,  were  hastily  pursuing  the  re- 
treating German  armies.  As  they  fell  back,  our  foes  wholly  neglected 
in  some  localities  every  pretense  for  the  disposal  of  their  excreta.  The 
ground  was  covered  with  human  dejecta,  flies  swarmed  over  the  Avhole 
land,  and  our  advance  was  both  too  rapid  and  too  hazardous  to  admit 
of  adequate  attention  either  to  drinking  Avater  or  to  the  disposal  of 
excreta.     In  his  report  for  1919,  the  Surgeon  General  says: 

"Epidemic  dian-hea  witli  a  considerable  amount  of  dysentery  and  probably  some 
nnrecognized  typhoid  and  paratyphoid  fevers  developed  in  various  parts  of  France  late 
in  June  (1918)  appearing  first  in  the  more  southern  areas  occupied  by  our  troops,  and 
wherever  insanitary  disposal  of  human  wastes,  fly  breeding,  and  insufficient  precau- 
tions in  the  preparation  and  serving  of  food  prevailed.  Immediately  after  the  Chateau- 
Thierry  offensive  the  troops  suffered  quite  generally  from  diarrheal  diseases,  probably 
as  many  as  severity  per  cent  having  been  so  affected.  This  was  inevitable  under  the 
conditions  of  a  hard  fought  and  prolonged  battle  which  made  even  the  elementary 
principles  of  sanitation  impracticable  of  application.  Inadequate  and  ill  prepared 
food,  chilling  of  the  body  at  night,  polluted  water  sources,  and  the  plague  of  flies, 
which  bred  and  fed  upon  human  excreta  every^where  exposed  and  upon  the  dead  bodies 
of  men  and  draft  animals  upon  the  battle  fields,  combined  to  produce  a  widely  spread 
epidemic  of  diarrhea  among  which  was  a  certain  proportion  of  true  dysentery  and 
typhoid-paratyphoid  infections.  Most  of  the  cases  never  reached  a  hospital  or  obtained 
medical  treatment.  Spontaneous  recovery  in  a  few  days  Avas  the  rule.  The  enthusiasm 
of  the  victorious  forward  movement  of  the  troops  carried  many  men  out  of  reach  of 
hospitalization,  and  a  true  measure  of  noneffectiveness  from  that  epidemic  can  only 
be  guessed.  A  small  number  of  serious  and  persistent  infections  found  their  way 
through  the  evacuation  hospitals  to  the  base  hospitals,  and  of  these  the  great  majority 
examined  early  in  the  course  of  their  disease  were  found  to  be  suffering  from  true 
dysentery  caused  by  well  recognized  strains  of  bacilli.  Fortunately  the  type  of  the 
infection  was  mild  and  very  few  deaths  resulted  from  the  entire  epidemic.  The  disease 
prevailed  during  the  warm  weather  while  the  fly  breeding  season  continued.  In  a  few 
favored  places,  where  after  medical  care  Avas  combined  with  adequate  physical  equip- 
ment to  avoid  fecal  exposure  and  pollution  of  food  and  water,  only  an  occasional  ease 
of  diarrhea  developed  and  entire  organizations  escaped  infection,  but  in  the  main  the 
disease  prevailed  throughout  the  American  Expeditionary  Forces  from  July  1  to  the 
middle  of  September." 
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Elsewhere  the  same  authorily  states: 

"During  the  first  part  of  August  a  singular  diarrhea  had  afflicted  all  in  the  Marne 
country,  French,  Americans,  Germans,  and  French  civilians  alike,  this  diarrhea  being 
without  tenesmus  or  temperature  and  the  mortality  nil.  Sanitarians  deemed  it  a  fly- 
borne  disease  of  dysenteric  nature,  for  the  entire  country  was  infested  with  myriads 
of  flies.  At  this  time  the  bread  supplied  left  much  to  be  desired,  for  being  baked  by 
the  flash  method  in  large  loaves  the  interior  was  raw  dough  in  lumps  and  the  loaves 
were  permeated  with  mold.  As  a  similar  disease  made  its  appearance  in  the  Second 
American  Army  months  later  when  the  cold  weather  had  destroyed  all  flies  we  are  still 
in  the  dark  as  to  the  nature  of  the  disease  which,  if  dysenteric  in  type,  is  without  doubt 
a  mild  and  most  singular  manifestation  of  the  disease,  and  it  is  but  fair  to  term  it 
camp  diarrhea  of  unknown  origin,  as  the  water-supply  was  not  implicated. ' ' 

In  a  few  camps  in  this  country,  and  more  frequently  in  France,  even 
a  temporary  interruption  of  the  chlorination  of  the  drinking  water  was 
followed  by  cases  of  dysentery.  In  the  camps  in  this  country  bacteri- 
ologie  examinations  of  the  drinking  water  were  made  so  frequently 
that  such  interruptions  were  detected  within  a  few  hours  at  most.  In 
some  of  the  camps  it  was  known  that  the  untreated  water  contained 
dysenterj^  bacilli,  but  the  effectiveness  of  chlorination  in  their  destruc- 
tion was  abundantly  demonstrated. 

Dysentery  became  a  serious  matter  in  the  English  Army  in  the  Gal- 
lipoli  campaign.     Bartlett  makes  the  following  statement: 

"The  chief  ej)idomic  diseases  were  enteric  and  dysentery.  During  the  last  six 
months  of  1915  the  admissions  (to  No.  21  General  Hospital  at  Alexandria)  on  the 
medical  side  were  5,300  in  number.  Seventeen  hundred  and  twenty-three  were  classed 
as  enteric;  of  these  98  died,  g"jving  a  mortality  of  5.688  per  cent.  Eleven  hundred  and 
forty-six  cases  were  classed  as  dysentery.  This  number  does  not  include  patients  ad- 
mitted for  wounds,  etc.,  who  were  suffering  from  mild  dysentery  or  who  developed 
clinical  dysentery  subsequent  to  their  admission.  Nearly  everybody  on  the  Peninsula 
suffered  from  diarrhea  and  cases  were  not  classed  as  dysentery  unless  there  was  tenes- 
mus, and  blood  and  mucus  were  passed,  or  unless  pathogenic  amoebae  or  dysentery 
bacilli  were  found  in  the  feces.  Fifty-six  patients  died  from  dysentery,  giving  a  mor- 
tality of  4.886  per  cent.  This  number  does  not  include  patients  who  died  from  Avounds, 
etc.,  and  Avere  found  to  have  dysenteric  ulcers  in  the  postmortem  room.  Thus  more 
than  half  the  medical  cases  during  this  period  were  classified  as  enteric  or  dysentery." 

Bartlett  reports  that  the  great  majority  of  cases  seen  in  his  hospital 
were  amoebic.  Out  of  61  cases  carefully  autopsied,  only  five  were  found 
to  be  of  bacillary  origin.  Bahr  and  Willmore,  working  in  another  hos- 
pital but  draAving  its  patients  from  the  same  military  organization,  criti- 
cize the  findings  of  Bartlett,  and  state  that  the  dysentery  most  prevalent 
in  the  Gallipoli  campaign  was  bacillary;  indeed,  these  authors  hold  that 
amoebic  dj'sentery  is  always  sporadic  and  endemic,  never  epidemic; 
that  all  dysentery  epidemics  among  troops  in  the  field  are  bacillary,  and 
that  at  least  ninety-five  per  cent  of  the  cases  among  vrhite  troops  in 
the    Gallipoli    campaign    are    of   bacillary    origin.      Bahr    and    Willmore 
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claim  that  Bartlett  mistook  Entamoeba  coli  for  Entamoeba  histolytica 
and  that  his  bacteriologic  studies  were  not  sufficiently  accurate  to  en- 
able him  to  discover  the  specific  bacilli.  They  hold  that  in  armies  all 
cases  of  diarrhea  should  be  diagnosed  as  dysentery  on  the  appearance 
of  blood  and  mucus  in  the  stools,  but  differentiation  between  amoebic 
and  bacillary  d.ysentery  should  be  made  before  treatment  has  been  em- 
ployed, since,  according  to  their  belief,  emetin  is  a  specific  for  amoebic 
Avhile  the  serum  treatment  is  a  specific  for  bacillary  dysentery. 

Ledingham  has  made  a  report  upon  dj^sentery  in  the  British  Army 
in  Mesopotamia.  The  total  number  of  cases  reported  during  the  year 
1918  was  25,642.  Dysentery  was  much  more  prevalent  among  British 
than  in  Indian  troops,  the  minimal  incidence  for  the  former  in  the 
month  of  February  being  10.9  per  10,000  and  the  maximal  incidence  in 
November,  85.3;  while  for  the  Indians,  the  minimal  incidence  was  5.6 
and  the  maximal,  21.9.  Among  the  Indian  troops  amoebic  dysentery 
was  much  more  prevalent,  while  bacillary  dysentery  was  the  prevailing 
form  among  the  English  troops.  The  Shiga  bacillus  was  recovered  in 
45.3  per  cent  of  715  isolations,  while  the  Flexner  bacillus  occurred  in 
54.7  per  cent.  The  relation  between  fly  prevalence  and  dysentery  is 
emphasized  by  this  author.  During  the  first  quarter  of  the  year  prac- 
tically no  flies  were  in  evidence  and  dysentery  was  at  a  minimum.  With 
the  oncoming  of  flies  dysentery  showed  a  simultaneous  increase.  How- 
ever, Avith  the  disappearance  of  flies  in  the  fall  there  Avas  not  a  pro- 
portional decrease  in  the  prevalence  of  dysentery.  The  author  sup- 
poses that  the  mass  of  fresh  infection  is  established  by  the  agency  of 
flies;  this  leaA^'es  behind  it  a  large  amount  of  chronic  infection  AA'hich, 
aided  by  Aveather  conditions,  seems  to  maintain  the  dysentery  and 
diarrhea  incidence  at  a  constant  level  until  the  next  fly  outburst  initi- 
ates a  crop  of  fresh  infections. 

In  1920  dysentery  assumed  extensive  epidemic  proportion  in  Petro- 
grad.  This  epidemic  Avas  of  an  extremely  A^irulent  kind,  the  case  mor- 
tality rate  being  as  high  as  tAA^enty-tAvo  per  cent  for  adults  and  forty 
per  cent  for  children. 

DraAving  upon  the  as  yet  unpublished  report  of  the  Surgeon  General 
coA^ering  the  entire  period  of  participation  of  the  United  States  in  the 
World  War,  Ave  note  that  among  4,128,478  men  there  occurred  4,738 
cases  of  dysentery  and  73  deaths.  This  represents  a  morbidity  rate  per 
100,000  of  115  and  a  death  rate  of  1.8.  Thus  there  Avas  one  case  of 
dysenterA^  for  every  872  men  and  one  death  for  every  56,700. 

Amoebic  Dysentery 

History. — Although  amoebae  had  been  prcAdously  found  in  the  stools 
of  man  by  LcAvis  and  Cunningham  in  India  and  by  Lambl  in  Bohemia, 
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the  first  to  make  a  study  of  the  relation  of  these  protozoa  to  dysentery 
was  Losch,  of  Petrograd,  who,  in  1875  made  a  report  which  has  become 
classical.  In  November,  1873,  Losch  found  himself  in  charge  of  a 
peasant,  twenty-four  years  old,  whose  history  may  be  condensed  as 
follows:  The  young  man  came  from  the  Province  of  Archangel  to 
Petrograd  in  the  summer  of  1871.  He  arrived  at  the  Capital  in  health 
and  had  had  no  preceding  disease  of  importance.  A  few  weeks  after 
coming  to  Petrograd  he  developed  a  severe  and  exhausting  diarrhea, 
which  continued  for  some  months  and  caused  an  exhaustion  so  marked 
that  he  was  unable  to  work.  He  returned  to  his  home,  where  appar- 
ently he  slowly  but  completely  recovered.  In  May,  1873,  he  returned 
to  Petrograd  and  was  employed  at  a  saw  mill  in  the  vicinity  of  the 
cit}'.  His  work  necessitated  his  standing  in  water  during  a  part  of  the 
day  in  drawing  logs  up  to  the  mill.  Consequently,  his  feet  were  wet 
and  cold  during  the  greater  part  of  each  day.  The  diarrhea  returned 
and  the  patient  was  sent  to  the  hospital.  At  that  time  he  was  having 
from  seven  to  nine  watery  evacuations,  accompanied  by  marked  tenes- 
mus, each  day.  The  stools  were  reddish-brown,  watery,  ill-smelling,  and 
contained  grayish-red  clumps  of  mucus  and  pus,  which  Avere  deposited  on 
standing.  Upon  microscopic  examination  these  clumps  were  found  to 
consist  chiefly  of  large  amoebae.  The  protozoa  could  be  seen  to  move, 
changing  both  their-  shape  and  their  location.  While  resting  they 
seemed  to  be  globular  and  measurement  showed  a  usual  diameter  of 
from  20  to  30  microns ;  in  some  instances  as  much  as  35  microns.  When 
the  bodies  were  stretched  in  movement  they  attained  a  length  of  60 
microns.  The  organisms  were  apparently  granular,  showed  a  distinct 
nucleus  and  often  vacuoles  of  variable  size  were  in  evidence.  This  pa- 
tient remained  under  Losch 's  observations  from  November,  1873,  to 
March,  1874,  when  he  died,  after  developing  pleurisy  followed  by  pneu- 
monia. Autopsy  showed  thickening  and  ulceration  of  the  mucous  and 
submucous  membranes  of  the  large  intestines.  The  ulcers  were  round 
but  irregular  in  form  and  were  from  one-half  to  two  centimeters  in 
diameter.  Besides  active  ulceration,  there  were  scars  shoAving  that 
healing  processes  had  gone  on  from  time  to  time.  In  the  ulcers  and  in 
the  contents  of  the  intestine  the  same  amoebae  which  had  been  found 
almost  constantly  in  the  stools  during  life  were  abundantly  in  evidence. 
Losch  had  observed  during  the  course  of  the  disease  that  the  symptoms 
and  the  number  of  amoebae  in  the  stools  fluctuated  simultaneously. 
When  the  pain  grew  less  and  the  number  of  stools  were  decreased  and 
more  closely  approached  the  normal  in  consistency  and  color,  the  num- 
ber of  amoebae  decreased ;  while  with  exacerbations  in  the  symptoms, 
the  number  increased. 

Losch  appears  to  have  made  good  use  of  the  months  of  opportunity 


THE   DYSENTERIES   AND   DIARRHEAS  407 

offered  him  for  the  study  of  this  case.  Under  a  magnifying  power  of 
500  diameters  he  sometimes  found  in  a  single  field  from  60  to  70  amoebae. 
He  found  that  the  addition  of  a  solution  of  sulphate  of  quinin,  1-5,000, 
killed  the  organisms  immediately.  He  tried  the  administration  of  quinin 
in  the  treatment  of  the  case  and  for  a  time  with  apparent  benefit,  the 
amoebae  decreasing  in  number  and  finally  wholly  disappearing,  while 
the  appetite  and  general  condition  of  the  patient  markedly  improved. 
This  good  effect  was,  however,  only  temporary.  Comparative  studies 
were  made  with  the  amoebae  found  in  the  stools  and  amoebae  obtained 
from  other  sources.  Especially  was  comparison  made  with  Amoeba 
princeps,  but  the  individuals  of  this  species  proved  to  be  much  larger 
than  those  found  in  the  stools.  Losch  was  unable  to  identify  his  organ- 
ism with  any  known  amoeba,  and  on  account  of  its  being  found  in  the 
stool  he  named  it  Amoeba  coli.  F'rom  one  to  two  ounces  of  the  fresh 
stool  of  the  sick  man  was  repeatedly  injected,  at  intervals  of  three  days, 
into  the  rectum  and  administered  by  the  mouth,  to  three  dogs.  Within 
half  an  hour  after  each  injection  the  animals  vomited  and  purged.  This 
however,  was  not  attributed  by  Losch  to  infection  with  the  amoebae, 
but  was  believed  <±o  be  due  to  putrefactive  products  in  the  injected 
fluid.  Other  than  these,  transitory  effects  did  not  appear  in  two  of  the 
animals.  In  the  third,  however,  on  the  eighth  day  after  the  last  injec- 
tion, mucous  and  bloody  stools,  containing  large  numbers  of  the  amoe- 
bae, appeared.  The  health  of  the  dog  was  apparently  not  disturbed,  and 
in  the  course  of  two  weeks  the  abnormal  condition  of  the  stool  had  dis- 
appeared. The  animal  was  then  killed  and  section  showed  the  mucous 
membrane  of  the  rectum  swollen,  inflamed,  covered  with  a  thick  bloody 
mucus  and  showing  three  ulcers.  These  were  roundish,  with  diameters 
varying  from  4  to  7  mm.,  and  surrounded  by  swollen,  highly  inflamed 
mucous  membrane.  The  ulcers  and  the  contents  of  the  rectum  contained 
the  amoebae  in  large  numbers. 

Losch  asked  himself  the  following  questions:  (1)  Were  the  amoebae 
the  essential  cause  of  the  disease  in  his  patient?  (2)  Did  the  amoebae 
appear  in  the  intestine  as  a  result  or  in  consequence  of  the  inflammation 
and  ulceration  due  to  other  causes?  (3)  Was  the  presence  of  the  amoe- 
bae accidental  and  without  any  direct  relation  to  the  disease?  After 
his  animal  experimentation,  Losch  came  to  the  conclusion  that  his  patient 
had  suffered  with  dysentery  before  the  amoebae  found  their  way  into 
the  intestine.  He  thought,  however,  that  the  amoebae  might  have  con- 
tributed to  the  gravity  of  the  case. 

In  the  light  of  subsequent  studies,  there  can  be  no  doubt  that  Losch 
had  under  his  observation  the  amoeba  now  known  to  be  the  cause  of 
dysentery  and  designated  as  Entamoeba  histolytica. 
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In  1883;  while  studying  Asiatic  cholera  in  Egypt  and  India,  Koch  made 
five  autopsies  on  persons  dead  from  dysentery,  two  of  which  were  com- 
plicated with  liver  abscess.  In  the  intestinal  ulcers  observed  in  these 
cases  Koch  reported  ''peculiar  amoeboid  structures,  about  one  and  one- 
half  to  two  times  as  large  as  white  corpuscles."  This  finding  was  only 
incidental  to  Koch's  greater  work  at  that  time  and  he  made  no  further 
studies  of  these  amoeboid  bodies  and,  in  fact,  did  not  publish  these  ob- 
servations until  1887.  The  bodies  observed  by  Koch  could  have  been 
no  other  than  E.  histolytica. 

Beginning  in  1885,  Kartulis,  of  Egypt,  has  made  many  contributions 
to  our  knowledge  of  amoebic  dysentery.  He  has  found  amoebae  in  dys- 
entery and  in  liver  abscesses,  thus  confirming  the  earlier  work  done  by 
Lewis,  Cunningham,  and  Koch.  Kartulis,  especially  in  his  earlier  pa- 
pers, did  not  distinguish  between  pathogenic  and  nonpathogenic  amoe- 
bae; indeed,  no  one  was  able  to  do  this  at  that  time,  and  this  must  be 
borne  in  mind  in  reading  the  contributions  made  by  this  investigator. 
At  one  time  he  claimed  to  have  grown  amoebae  in  cultures  made  of 
infusions  of  fresh  straw.  "We  now  knoAv  that  if  amoebae  were  ever 
grown  on  such  a  preparation  they  were  certainly  not  of  the  pathogenic 
kind.  Kartulis  was  able  to  infect  cats  by  injectifig  into  the  rectum 
dysenteric  stools,  and  by  the  same  method  in  the  same  animals  he  was 
not  able  to  induce  dysentery  by  the  injection  of  the  bacteria  present  in 
these  stools.  He  reported  that  the  filtration  of  dysenteric  stools  through 
flannel  removes  the  amoebae  and  that  the  filtrates  thus  obtained  may  be 
injected  into  cats  without  effect.  This  investigator  was,  so  far  as  we 
know,  the  first  (1904)  to  demonstrate  the  presence  of  amoebae  in  a 
brain  abscess,  a  discovery  which  has  been  confirmed  several  times  since. 

Hlava  (1887)  was  the  first,  so  far  as  we  know,  to  report  an  epidemic 
of  amoebic  dysenter}^  This  physician  had  under  his  charge  in  an  in- 
sane asylum  60  cases  of  dysentery,  in  all  of  which  amoebae  were  found. 
The  amoebae  were  the  only  constant  constituents  of  the  stools,  being 
found  in  all  eases,  while  the  bacteria  varied  greatly.  Hlava  made  an- 
imal experiments,  injecting  stools  into  the  rectums  of  17  dogs,  with  tAvo 
positive  results;  in  six  cats  with  four  positive  results,  and  in  eight  rab- 
bits, two  chickens,  and  six  guinea  pigs,  with  no  positive  result.  From 
his  animal  experiments,  from  the  fact  that  the  amoebae  were  found  in 
the  stools  of  all  and  that  there  was  no  bacterium  common  to  all  stools, 
Hlava  concludes  that  the  amoebae  were  the  cause  of  the  disease. 

Councilman  and  Lafleur  (1891)  published  the  now  classical  mono- 
graph on  the  pathology  of  amoebic  dysentery,  in  which  they  held  that 
this  disease  is  a  clinical  entity  and  is  characterized  by  well-defined 
pathologic  lesions.  The  material  used  was  obtained  from  14  cases  of 
amoebic   dysentery.      They   gave   the   name   Amoeha   dysenteriae  to  the 


THE   DYSENTERIES    AND    DIARRHEAS  409 

organism  found  in  their  cases.  They  made  a  careful  study  of  the  organ- 
ism itself,  and  its  identity  with  what  is  now  knoAvn  as  Entamoeba  his- 
tolytica is  certain. 

Councilman  and  Laileur  conclude  their  exhaustive  study  of  this  sub- 
ject with  the  following  statement : 

"1st.  Amoebic  dysentery  is  a  form  of  dysentery  wliicli  etiologically,  clinically,  and 
anatomically  should  be  regarded  as  a  distinct  disease.  2nd.  We  consider  that,  (a) 
the  Amoeba  dysenteriae  has  been  shown  to  be  the  causative  agent  from  its  constant 
presence  in  the  stools  and  in  the  anatomical  lesions,  and  from  the  inoculation  experi- 
ments of  Kartulis.  (b)  Clinically  the  disease  is  characterized  by  the  presence  of 
amoebae  in  the  stools,  which  in  addition  present  physical  characters  different  from  those 
seen  in  the  stools  of  other  forms  of  dysentery,  as  noted  above;  by  a  variable  onset, 
course,  and  duration  of  which  the  special  features  are  periods  of  intermission  alter- 
nating with  exacerbations;  and  by  a  marked  tendency  to  chronicity,  with  the  produc- 
tion of  a  greater  or  less  degree  of  anemia,  (c)  Anatomically,  the  disease  is  charac- 
terized by  the  production  of  ulcers  in  the  colon  which  generally  differ  from  those  found 
in  any  other  forms  of  dysentery.  The  ulceration  is  iiroduced  by  infiltration  of  the 
submucous  tissue  and  necrosis  of  the  overlying  mucous  membrane,  the  ulcer  in  conse- 
quence having  the  undermined  form.  Frequently  in  addition  to  the  ulcers  there  is 
infiltration  of  the  submucous  tissue  without  ulceration.  In  all  of  these  lesions  unless 
complicated  by  the  action  of  bacteria  there  is  absence  of  the  products  of  purulent 
inflammation.  3rd.  Abscess  of  the  liver  with  or  without  involvement  of  the  lung  is  a 
frequent  complication,  much  more  so  than  in  any  other  form  of  dysentery.  The  in- 
volvement of  the  lung  may  early  follow  hepatic  involvement  and  be  detected  by  the 
occurrence  of  amoebae  in  the  sputum  before  there  is  any  evidence  of  liver  abscess. 
These  abscesses  differ  in  their  anatomJcal  features  from  those  produced  by  other  causes. 
The  chief  difference  is  found  in  the  absence  of  puralent  inflammation,  the  abscess 
being  caused  by  necrosis,  softening  and  liquefaction  of  the  tissue.  In  these  liver 
abscesses  the  amoebae  are  not  associated  with  any  other  organisms.  4th.  The  disease 
is  widely  distributed,  and  is  found  in  most  countries  in  Europe,  in  most  parts  of  the 
United  States  and  in  the  tropics  everywhere.  5th.  This  is  the  form  of  dysentery 
which  has  been  commonly  called  tropical  dysentery. ' ' 

Kovacs  (1892)  had  under  his  charge  two  cases  of  amoebic  dysentery 
and  experimentally  infected  five  kittens  with  the  amoebae.  In  the  in- 
testines of  the  cats  he  found  typical  lesions,  but  was  unable  to  grow  the 
amoebae  in  cultures,  which  fact  renders  it  quite  certain  that  he  had 
under  observation  E.  histolytica  which,  up  to  the  present  time,  has  not 
been  grown  artificially. 

Kruse  and  Pasquale  (1894)  confirmed  the  finding  of  Kartulis,  that 
the  pus  obtained  from  a  dysenteric  liver  abscess  may  be  free  from  bac- 
teria and  still  may  be  employed  successfully  in  inducing  dysentery  in 
eats  after  rectal  injection.  Out  of  seven  cats  treated  with  bacteria-free 
pus  from  a  liver  abscess,  three  developed  dysentery.  This  is  an  impor- 
tant observation,  because  it  is  practically  impossible  to  eliminate  the 
effects  of  bacteria  when  dysenteric  stools  are  employed  in  infecting 
animals. 
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The  studies  of  Kruse  and  Pasquale  Avere  begun  in  Italy  and  continued 
in  Egypt.  In  Italy  they  occasionally  found  amoebae  in  the  stools  of  per- 
sons in  apparent  health.  In  Egypt  they  soon  recognized  that  there  are 
at  least  two  kinds  of  amoebae  that  may  appear  in  the  human  stools,  one 
of  which  is  pathogenic,  while  the  other  is  nonpathogenic.  They  pro- 
posed that  the  first  should  be  called  Amoeha  dysenteriae,  while  the  lat- 
ter should  be  designated  Amoeba  coli.  The  pathogenic  variety  induces 
dysentery  with  intestinal  ulceration  in  cats,  Avhile  the  nonpathogenic 
is  without  effect  on  these  animals.  Certain  nonpathogenic  amoebae  may 
be  cultivated  artificially,  while  attempts  to  grow  pathogenic  amoebae 
in  cultures  have  always  failed.  These  investigators  were  quite  con- 
vinced that,  while  a  certain  form  of  dysentery  is  due  to  amoebae,  there 
are  other  dysenteries  which  cannot  be  attributed  to  these  protozoa. 

Harris,  of  Georgia  (1894),  was  the  first,  and  so  far  as  we  can  ascer- 
tain the  only  one,  to  observe  multiplication  by  fission  of  amoebae  in  the 
stools.  After  a  close  study,  extending  through  three  years,  he  was  able 
to  make  this  observation,  the  correctness  of  which  has  been  demon- 
strated by  subsequent  investigation.  Ordinarily,  pathogenic  amoebae 
multiply  in  the  human  body,  and  this  process  must  occur  very  infre- 
quently in  the  stools.  This  matter  will  again  be  referred  to  when  we  dis- 
cuss the  multiplication  of  pathogenic  amoebae.  A  little  later  (1898) 
Harris  collected  the  literature  bearing  upon  this  subject,  reported  35 
cases  of  his  own,  and  described,  in  a  manner  unexcelled  up  to  that  time, 
the  structure  and  life-history  of  this  rhizopod.  Later  still  (1903)  this 
investigator  reported  that  he  had  succeeded  in  inducing  in  puppies  not 
only  dysentery,  but  in  some  instances  amoebic  liver  abscesses. 

Quincke  and  Roos  (1893)  and  Roos  alone  (1894)  studied  two  cases  at 
Kiel.  One  patient  came  from  Sicily  and  had  a  severe  form  of  the  dis- 
ease; the  other  was  a  native  of  Schleswig-Holstein  and  had  lived  in 
Kiel  for  four  years.  The  amoebae  found  in  the  stools  of  these  two  cases 
were  quite  dissimilar,  both  in  form  and  in  pathogenicity.  Those  from  the 
Sicilian  had  an  average  diameter  of  from  20  to  25  microns,  while  those 
from  the  native  were  slightly  larger,  averaging  from  25  to  30  microns. 
The  former  were  highly  pathogenic  to  cats,  causing  marked  intestinal 
ulceration,  with  all  the  symptoms  of  dysentery  and  terminating  fatally, 
while  the  latter  produced  at  most  only  a  transitory  diarrhea.  The 
pathogenic  forms  were  more  active  in  their  movements,  as  seen  under 
the  microscope,  than  the  nonpathogenic.  The  case  in  the  Italian  was 
undoubtedly  amoebic  dysentery,  while  that  in  the  German  was  probably 
bacterial  dysentery  and  the  amoebae  in  the  stools  most  probably  were 
not  concerned  in  the  causation  of  the  disease.  The  pathogenic  organisms 
were  undoubtedly  the  same  as  those  described  by  Losch  and  now  called 
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E.  liistolj^tica,  while  the  latter  were  identical  with  the  nonpathogenic 
forms  first  described  by  Lewis  and  Cunningham  in  India  and  later  by 
Grassi  and  many  others.  The  most  important  finding,  however,  made 
by  Quincke  and  Roos,  was  the  discovery  of  the  encysted  forms  in  the 
stools.    Dobell  speaks  about  the  w^ork  of  these  investigators  as  follows: 

''Although  Quincke  and  Eoos  studied  only  a  single  case  of  amoebic  dysentery,  they 
studied  it  very  carefully;  and  they  controlled  their  obserYations  by  a  study  of  the 
amoebae  occurring  in  nondysenterie  cases.  The  amoebae  found  in  the  patient  suffering 
from  dysentery  are  well  described,  and  recognizably  figured.  Tlie  sharp  demarcation 
between  the  ectoplasm  and  the  endoplasm,  the  appearance  of  the  nucleus,  the  frequent 
presence  of  red  corpuscles  in  the  cytoplasm,  and  the  striking  activity  of  the  organism, 
are  all  noted.  In  their  account  of  all  these  characters,  Quincke  and  Roos  confirmed  the 
observations  of  Losch,  Kovacs  and  other  early  workers.  But  in  addition,  they  discovered 
the  cysts  of  the  parasite  in  the  stools  of  their  patient.  They  are  described  as  rounded, 
refractile  stiTictures  with  a  thin  but  definite  wall,  smaller  than  the  active  amoebae,  and 
measuring  10  to  12  microns  in  diameter.  By  means  of  careful  experiments  they  proved  that 
a  cat  can  be  infected,  and  acquire  amoebic  dysentery  with  characteristic  intestinal  lesions, 
by  causing  it  to  sAvallow  the  cysts,  or  by  injection  of  the  active  amoebae  per  aimvi. 
All  these  characters  were  emphasized  as  distinctive  of  the  amoebae  associated  with  dysen- 
tery in  man,  for  they  found  that  the  otlier  amoebae  which  they  studied  (in  reality  E. 
coli)  differed  in  all  the  characters  noted.  They  were  sluggish,  contained  ingested  foreign 
bodies,  but  never  red  corpuscles,  formed  larger  cysts  with  a  thicker  wall,  and  were  non- 
infective  and  nonpathogenic  for  cats.  From  their  observations  they  drew  the  conclusion 
that  man  acquires  his  infection  with  the  dysentery  amoeba  by  swallowing  its  cysts — as 
they  had  shown  to  be  possible  in  the  case  of  the  cat.  The  only  thing  of  importance  that 
Quincke  and  Eoos  failed  to  do  was  to  investigate  the  eytological  details  of  the  amoebae 
and  their  cysts.  They  merely  noted  that  the  latter  contained  'nucleus-like  structures,' 
but  they  did  not  study  these  properly  nor  count  them.  Roos'  figures  show  cysts  with 
one  or  two  nuclei  (indistinct  in  some),  and  indications  of  chromatoid  bodies.  In  the 
matter  of  nomenclature  they  were  unfortunate;  for  though  they  rightly  identified  their 
pathogenic  amoeba  with  Losch 's  'Amoeba  coli,'  they  wrongly  pro^josed  to  change  its 
name  to  'Amoeba  coli  felis,'  on  account  of  its  pathogenicity  for  the  cat." 

Huber  (1903)  came  very  near  supplying  the  defect  in  the  work  of 
Quincke  and  Roos,  as  pointed  out  by  Dobell,  inasmuch  as  he  did  study 
the  cysts  and  counted  their  nuclei,  but  he  never  went  far  enough  in  these 
investigations  to  be  able  to  distinguish,  by  the  number  of  nuclei  in  the 
cysts,  between  pathogenic  and  nonpathogenic  amoebae. 

Schaudinn  (1903)  in  his  great  work  on  reproduction  in  certain  rhizo- 
pods  taught  that  the  amoebae  concerned  in  the  causation  of  dysentery 
in  man  multiply  by  the  formation  of  spores,  and  apparently  he  was  ig- 
norant of  the  importance  and  significance  of  encj'station.  Recent  writ- 
ers, especially  Dobell,  have  accused  Schaudinn  of  ofi'ering  a  highly 
imaginative  account  of  sporulation  in  these  amoebae  and  of  greatly 
confusing  the  nomenclature  of  the  amoebae  found  in  man.  For  details 
along  this  line  the  reader  is  referred  to  the  recent  work  by  Dobell  on  the 
Amoebae  Living  in  Man.    Inasmuch  as  this  has  no  special  bearing  upon 
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the  epidemiology  of  amoebic  dysentery,  we  shall  not  go  into  detail  con- 
cerning Schaudinn's  work  or  the  influence  it  has  had  upon  the  investiga- 
tions into  the  causation  of  amoebic  dysentery ;  neither  is  it  desirable  to  men- 
tion in  this  brief  history,  all  the  workers  who  have  made  contributions 
to  this  subject.  However,  to  Schaudinn  belongs  the  credit  of  first  clearly 
differentiating  between  the  pathogenic  amoeba,  causing  dysentery,  which 
he  named  Entamoeha  histolytica,  and  the  harmless  amoeba  frequently 
found  in  the  human  intestine,  which  he  named  Entamoeba  coli.  Craig 
was  the  first  to  confirm  Schaudinn's  work  regarding  these  two  amoebae 
and  CO  show  that  Entamoeda  coli  is  a  common  parasite  of  the  healthy 
human  intestine  in  all  parts  of  the  United  States. 

Walker  (1911)  and  AValker  and  Sellards  (1913)  have  apparently 
straightened  out  the  tangled  threads  in  the  knotty  problem  of  the  causal 
relationship  of  amoebae  to  dysentery.  Concerning  this  w^ork,  Dobell 
makes  the  following  statement: 

"lu  the  very  same  year  that  Schaucliun 's  erroneous  statements  made  their  ajjpear- 
ance,  a  real  discovery  was  made  by  Hiiber  (1903)  ;  but  so  great  was  the  authority  of 
Schaudinn,  that  Huber's  work  was — and  is — almost  completely  ignored.  Huber  (1903) 
confirmed  the  observations  of  Quincke  and  Roos.  He  studied  a  typical  case  of  amoebic 
dysentery,  he  saw  the  amoebae  and  their  cysts,  and  he  infected  cats  with  the  former 
per  rectum  and  with  the  latter  i^er  os.  He  added  the  important  observation  that  the 
cysts  contain  one,  two,  or  four  nuclei,  but  never  more,  and  also  chromatin  , masses  and 
blocks,  and  can  thus  be  distinguished  from  the  cysts  of  the  'ordinary'  amoeba  (i.  e., 
E.  coli  as  described  by  Schaudinn).  Huber  told  Schaudinn  of  his  observations — which 
were  perfectly  correct — but  neither  the  latter  nor  anybody  else  who  knew  of  tliem  seems 
to  have  attached  any  importance  to  them  at  the  time.  After  Schaudinn's  death  the 
cysts  were  once  more  'discovered'  by  Viereck  (1907)  and  by  Hai-tmami  (1907),  who 
regarded  them  as  belonging  to  a  new  si^ecies  of  entamoeba — named  by  them  respectively 
E.  tetragena  and  E.  africana.  Elmassian  (1909)  again  'discovered'  them  two  years 
later,  and  regarded  them — together  with  the  j)recystie  amoebae  which  form  them — as 
another  new  species,  which  he  named  E.  minuta.  These  various  'discoveries,'  and 
others  made  during  this  period,  only  served  to  add  to  the  existing  confusion.  Quincke 
and  Roos '  observations  were  f org-otten,  Huber  "s  were  ignored — everybody  looked  for — 
and  some  found — the  nonexistent  development  of  E.  histolytica  described  by  Schaudinn. 
No  real  advance  in  our  knowledge  of  the  dysentery  amoeba,  took  place  rmtil  the  work 
of  Walker  (1911)  made  its  appearance,  followed  soon  after  by  his  later  memoir,  in 
collaboration  with  Sellards  (1913),  which  solved  most  of  the  problems  connected  with 
E.  histolytica. 

"Walker  (1911)  first  showed  that  E.  histolytica  and  E.  coli  are  quite  distinct  and 
easily  separable  species,  though  possessing  a  similar  development.  The  first  forms 
cysts  containing,  when  mature,  foiu-  nuclei;  the  second  cysts  containing  eight  nuclei. 
In  the  cysts  of  both,  development  occurs  in  a  straight-forward  manner  by  the  repeated 
division  of  an  originally  single  nucleus — ^without  any  'autogamy'  or  other  mysterious 
processes  such  as  were  described  by  Schaudinn.  Then  he  showed  that  E.  histolytica,  E. 
tetragena,  and  E.  mimita,  are  all  different  names  for  one  and  the  same  species.  Finally, 
with  Sellards  (1913),  he  j)roved  conclusively  by  experiments  on  human  beings  that  man 
becomes  infected  by  ingesting  the  cysts  of  these  amoebae;   and  that  infection  with  E. 
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histolytica  may  give  rise  to  dyseute'iy,  while  E.  coli  is  liannless  to  its  host.  To  Walker 
(1911,  1913)  Ave  also  owe  the  conception  no  less  than  the  discovery  of  the  'carrier'  con- 
dition in  IE.  histolytica  infectious — a  conception  which  cleared  up  all  the  difficulties 
which  previously  prevented  the  life  history  and  activities  of  this  organism  from  being 
projierly  understood. ' ' 

Walker  studied  the  amoeba  found  in  the  Manila  water-supply.  He 
gives  the  following  statement  concerning  this  supply,  and  shows  that  it 
was  probably  at  all  times  free  from  contamination  with  the  feces  of  man: 

* '  The  Manila  water-supply  comes  from  an  uninhabited  watershed  of  the  Mariquina 
Elver  and  its  tributaries.  The  water  is  stored  in  a  reservoir  on  the  watershed  by  a 
dam  constructed  across  a  narrow  goi'ge  in  the  Mariquina  Valley  at  Montalban  about 
24  kilometers  from  Manila.  It  is  conducted  from  this  reservoir  in  closed  water  mains 
to  Manila,  where  it  is  distributed  in  branch  mains  and  pipes  to  the  various  taps  in  the 
city.  The  water,  therefore,  is  presumably  free  from  fecal  contamination  and  should 
contain  only  the  normal  amoebic  fauna  of  that  watershed. ' ' 

This  water  Avas  found  to  contain  amoebae  in  abundance.  These  amoe- 
bae could  be  grown  on  artificial  cultures.  They  were  fed  to  men,  under 
proper  conditions,  and  found  in  all  cases  to  be  inert  or  incapable  of 
inducing  infection. 

It  may  be  remarked  here  parenthetically  that,  while  up  to  the  pres- 
ent (1922)  no  reliable  protozoologist  has  claimed  to  grow  entamoebae 
artificially,  such  a  claim  has  recentl}-  (1920)  been  made  by  Yoshida. 
This  investigator  states  that  he  has  been  able  to  separate  the  cysts  from 
everything  else  living  in  the  stools  and  that  he  has  grown  these  cysts 
or  the  amoebae  contained  there  in  pure  culture.  The  statements  made 
by  this  author  do  not  carry  conviction  and  certainly  need  confirmation. 

Walker  next  made  amoebic  cultures  from  healthy  persons,  from  those 
Avith  amoebic  dysentery,  and  from  tAvo  cases  of  amoebic  liver  abscess. 
These  cultiA^able  amoebae,  even  those  from  cases  of  amoebic  dysentery 
and  from  amoebic  liver  abscess,  Avere  found  to  be  inert. 

In  the  third  place,  Walker  made  a  microscopic  study  of  the  amoebae 
found  in  the  intestinal  tract  of  man,  both  in  those  apparently  healthy 
and  in  dysenteric  cases.  This  search  led  to  the  demonstration  that  there 
may  be  in  the  intestinal  tract  of  man  two  kinds  of  amoebae,  one  of  Avhich 
can  be  groAA^n  on  artificial  cultures,  while  the  other  has  not  been  so 
groAvn.  The  cultivable  amoebae,  AAdiatcA^er  the  source  from  which  they 
haA'e  been  obtained,  are  not  pathogenic  to  man.  Some  of  these  amoe- 
bae AA^hich  are  not  cultiA^able  are  pathogenic  to  man,  AAdiile  others  are 
not.  Of  the  tAvo  kinds  of  noncultivable  amoebae,  one  forms  cysts  AA^hich 
never  contain  more  than  four  nuclei,  and  these  are  pathogenic  to  man. 
The  other  group  of  noncultiA'able  amoebae  forms  cysts  containing  eight 
or  more  nuclei,  and  these  are  not  pathogenic  to  man.  HaA'ing  estab- 
lished these  fundamental  differences  in  the  amoebae  Avhieh  maA^  be  found 
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in  the  intestine  of  man,  Walker  came  to  the  conclusion  that  they  should 
be  divided  into  two  genera,  amoeba  and  entamoeba.  Some  at  least,  of 
the  first  genus  are  cultivable,  while  none  of  the  second  are.  No  one  of 
the  first  genus  is  pathogenic  to  man.  Some  of  the  second  genus  are 
pathogenic,  while  others  are  nonpathogenic,  to  man.  The  pathogenic 
organisms  can  be  distinguished  from  the  nonpathogenic  by  microscopic 
examination  of  the  cysts  and  the  determination  of  the  number  of  nuclei. 
Walker  stated  his  summary  and  conclusions  (1911)  as  follows: 
"(1)  The  amoeboid  organisins  found  in  the  Manila  water-supply  belong  to  the 
genus  Amoeia  Ehrenberg.  (2)  The  amoeboid  organisms  cultivable  from  the  intestinal 
tract  of  man,  both  from  healthy  persons  and  from  cases  of  amoebic  dysentery,  also 
belong  to  the  genus  Amoe'ba  Ehrenberg.  (3)  The  cultivable  species  of  the  genus 
Amoeba  are  not  parasitic  in  the  intestinal  tract  of  man;  when  obtained  in  cultures 
from  the  intestines  they  probably  are  derived  from  cysts  .of  amoeba  that  have  been 
ingested  with  water  or  food  and  have  passed  unchanged  through  the  intestinal  tract. 
(4)  The  amoeboid  organisms  parasitic  in  the  intestinal  tract  of  man  belong  to  a  dis- 
tinct genus.  Entamoeba  Casagrandi  and  Barbagallo.  (5)  The  entamoebae  are  strict 
or  obligatory  parasites  and  are  incapable  of  multiplication  outside  of  the  body  of  their 
host.  They  cannot  be  cultivated  on  Musgrave  and  Clegg's  medium.  (6)  One  non- 
pathogenic species  of  the  genus  Entamoeba,  Entamoeba  coli  Schaudinn,  parasitic  in  the 
intestinal  tract  of  man,  which  includes  Entamoeba  nipponica  Koidzumi  and  which  de- 
\'elops  cysts  containing  8  nuclei,  is  recognized.  (7)  One  presumably  pathogenic  species 
of  the  genus  Entamoeba,  Entamoeba  histolytica  Schaudinn,  which  includes  Entamoeba 
tetragena  Viereck,  and  which  develops  cysts  containing  4  nuclei,  is  recognized.  (8) 
A  differential  diagnosis  of  an  infection  with  Entamoeba  coli  from  an  infection  with 
Entamoeba  histolytica  can  be  made  with  the  microscope.  (9)  An  infection  with  either 
Entamoeba  coli  or  Entamoeba  histolytica  must  always  come  directly  or  indirectly  from 
another  infected  person.  (10)  Water  or  uncooked  food  can  transmit  amoebic  dysentery 
only  when  contaminated  with  fecal  matter  from  a  case  of  amoebic  dysentery.  (11) 
The  infection  with  Entamoeba  histolytica  may  persist  for  an  indefinite  period  after 
the  symptoms  of  amoebic  dysentery  have  disappeared,  during  which  time  the  resistant, 
encysted  entamoeba  may  be  passed  in  large  numbers  in  tlie  stools  and  constitute  an 
important  source  of  infection  to  others.  Such  persons  are  'carriers'  of  amoebic  dysen- 
tery, comparable  to  the  'carriers'  of  typhoid  fever  or  cholera.  (12)  The  prophylactic 
measures  for  the  pievention  of  amoebic  dysentery  are  sufficiently  indicated  by  the 
preceding  conclusion;  they  are  identical  with  those  required  for  the  prevention  of  other 
specific  infectious  diseases  of  the  intestinal  tract,  like  typhoid  fever  and  cholera." 

In  the  demonstration  of  the  statements  made  above,  Walker  and  Sel- 
lards  fed  the  different  kinds  of  amoebae  described  to  inmates  of  the 
Bilibid  Prison.  Apparently,  these  investigators  have  established  a  clear- 
cut  differentiation  between  amoeba  and  entamoeba,  have  shown  that  the 
former  is  never  pathogenic  to  man,  and  that  the  latter  contains  at  least 
two  species,  Entamoeba  histolytica  and  Entamoeba  coli,  which  can  be 
distinguished  one  from  the  other  microscopically.  While  both  are  para- 
sitic to  man,  only  Entamoeba  histolytica  is  pathogenic  to  man. 

The  most  distinctive  and  constant  differences  between  Entamoeba  his- 
tolytica and  Entamoeba  coli  are  formulated  by  Craig  in  Table  XX. 
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Table  XX 

Diagnostic  Points  in  the  Differentiation  of  Entamoeba  Histolytica  and 

Entamoeba  Coli 
Vegetative  or  Motile  Stage  of  Development.     Living  Specimens 


entamoeba  histolytica 


entamoeba  coli 


Size.  18  to  80  microus.     Average  20  to 

35  microns. 

Motility.  Very  active  and  progressive. 

Cytoplasm.  Ectoplasm  and  endoplasm  well  dif- 

ferentiated. 

Pseudopodia.  Large,  finger-shaped,  clear  and 
glass-like  in  appearance. 

Vacuoles.  Not   present  in  most   fresli   living 

specimens. 

Inclusions.  Eed  blood  corpuscles.    No  bacteria, 

crystals  or  other  material. 

Nucleus.  Generally   invisible. 


15  to  50  microns.     Average  20  to 

30  microns. 
Sluggish.     Rarely  progressive. 
Ectoplasm     and     endoplasm     very 

poorly  differentiated. 
Shorter  and  blunt.     Not  glass-like 

in  appearance^ 
Endoplasm  filled  with  vacuoles. 

Numerous  bacteria.     No  red  blood 

corpuscles.     Crystals. 

Visible. 


vegetative    stage    of   development.       stained    PREPAPuATIONS 


Nuclear  Delicate.     Inner  surface  lined  with 

membrane.  single  layer  of  minute  chromatin 

grains. 
Karyosome.         Very  minute.      Situated   in   center 

of  nucleus. 
Intranuclear       No    chromatin   between  karyosome 

chromatin.  and  nuclear  membrane. 

Cytoplasm.         Not  vacuolated. 
Inclusions.  Red  blood  corpuscles.     No  bacteria 

or  crystals. 


Thicker.  Inner  surface  lined  witli 
coarser  chromatin  grains. 

About  twice  as  large  as  in  histo- 
lytica  and  situated  eccentrically. 

Chromatin  grains  between  karyo- 
some and  nuclear  membrane. 

Much  vacuolated. 

No  red  blood  corpuscles.  Bacteria, 
crystals  and  other  material. 


CYSTIC   STAGE   OF  DEVELOPMENT.      UNSTAINED    OR   LIVING    SPECIMENS 


Size.  6  to  20  microns.     Average  7  to  15 

microns. 

Shape.  Generally     spherical.       Rarely    ir- 

regular or  oval. 


10  to  22  microns.     Average  12  to 

18  microns. 
Almost  always  spherical. 


CYSTIC   STAGE  OF  DEVELOPMENT.      STAINED   PREPARATIONS 


Nuclei, 
number 

Nuclei, 
structure 


Chromidial 
bodies 


One  to  four. 

Like  vegetative  form  but  smaller. 
Delicate  membrane,  minute  cen- 
tral karyosome,  no  chromatin  be- 
tween membrane  and  karyosome 
except  the  minute  grains  on 
membrane. 

Bar,  oval  or  rod-like  masses  with 
rounded  ends.  Present  in  about 
50  per  cent  of  the  cysts. 


One  to  eight.  Sometimes  more,  up 
to  24. 

Like  vegetative  form  but  smaller. 
Thicker  membrane  with  larger 
grains  of  chromatin,  larger 
karyosome  eccentrically  placed 
and  chromatin  grains  between 
karyosome   and  membrane. 

Filamentous  or  spicular  with  square 
or  pointed  ends.  Present  in  less 
than    10   per   cent   of  the   cysts. 


Dobell  gives  the  following  description  of  this  rhizopod : 

' '  The  active  forms  of  E.  histolytioa  show  great  variation  in  size,  'ranging  from  about 
18  microns  in  diameter  up  to  about  40  microns.  As  a  rule,  however,  they  measure 
between  20  microns  and  30  microns  when  rounded.  The  living  animals,  when  fresh  and 
healthy,  are  extremely  active.  They  flow  along  in  a  sluggish-like  manner  with  great 
rapidity,  and  show  no  conspicuous  dift'erentiation  between  ectoplasm  and  endoplasm. 
When  they  have  been  outside  the  body  of  their  host  for  sometime,  however,  at  a  tem- 
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perature  loAVcr  than  tliat  of  the  body,  tliey  present  quite  different  thougli  equally  eliar- 
acteristic  movements.  They  then  remain  in  one  place,  throwing  out  large,  hyaline, 
blade  like  pseudopodia  composed  of  ectoplasm  sharply  separated  from  the  endoplasm. 
This  movement  is,  in  my  opinion,  seen  only  in  animals  which  are  already  in  some  degree 
degenerate.  But  it  is  very  characteristic  of  this  species,  and  serves  to  distinguish  it 
from  E.  coU." 

The  endoplasm  consists  of  fine  granules  floating  in  or  surrounded  by 
a  homogeneous,  colorless  material  having  the  appearance  of  ground  glass. 
The  cytoplasm  is  a  coarsely  reticulate  structure,  and  in  the  stools  many 
vacuoles  may  be  seen;  but  these  are  degenerative  forms.  As  found  in 
stools,  this  parasite  often  contains  red  corpuscles,  sometimes  as  many  as 
40  in  a  single  animal,  but  usually  less  than  10.  It  is  generally  assumed 
that  the  presence  of  red  corpuscles  in  an  amoeba  found  in  human  stool 
is  sufficient  to  identify  it  as  E.  histolytica.  These  corpuscles  undergo 
digestive  changes  in  the  vacuoles  and,  consequently,  are  often  frag- 
mented. The  nucleus  of  E.  histolytica  is  usually  quite  indistinct.  It 
consists  of  granules  of  fairly  uniform  size.  It  is  generally  stated  that 
it  contains  a  centriole,  but  Dobell,  a  most  careful  and  expert  investi- 
gator, is  inclined  to  deny  this.  As  has  been  pointed  out,  a  microscopic 
differentiation  between  E.  histolytica  and  E.  coli  is  best  made  by  count- 
ing the  nuclei  in  the  cysts.  Encystation  takes  place  in  the  intestines 
and  when  the  cyst  is  first  formed  it  has  only  one  nucleus.  This  divides 
into  two,  and  each  of  these  into  two,  forming  four  nuclei,  and  the  cysts 
found  in  the  stool  are  characterized  and  distinguished  from  E.  coli  by 
having  only  four  nuclei.  When  it  has  reached  the  quadrinucleate  stage, 
and  this  occurs  in  the  intestine,  there  is  no  further  nuclear  division. 
There  is  marked  variation  in  the  size  of  the  cysts,  the  diameters  ranging 
from  five  to  twenty  microns.  In  form,  the  cysts  are  spherical  or  ovoidal, 
though,  as  a  rule,  they  are  not  perfectly  symmetrical.  More  will  be 
said  upon  this  subject  later. 

Life-History. — The  normal  habitat  of  E.  histolytica  is  in  the  intestinal 
wall  of  man.  Occasionally  it  pierces  the  intestinal  wall  and  is  carried 
by  the  blood  current  to  some  other  organ,  where  hy  its  destructiA^e 
effect  upon  the  tissue,  it  causes  an  abscess.  The  most  common  seat  of 
secondary  infection  is  in  the  liver,  which  organ  is  reached  through  the 
portal  vein.  More  rarely,  this  parasite  reaches  the  brain,  the  spleen, 
or  possibly  some  other  organ,  where  it  causes  an  abscess.  It  is  evident, 
liowever,  that  the  normal  habitat  is  in  the  intestinal  wall,  and  when 
the  amoeba  reaches  some  internal  organ  it  does  so  not  only  to  the 
injury  of  its  host,  but  to  the  ultimate  destruction  of  itself.  The  amoeba 
pours  out  a  specific  digestive  secretion  Avhieh  acts  upon  the  tissue  of  the 
intestinal  wall.  Digestion  is,  in  part  at  least,  carried  on  outside  the 
parasite  and  it  absorbs  its  food,  already  partially  digested.     Whether 
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intracellular  digestion  is  essential  to  absorption  and  assimilation  has 
not  been  demonstrated,  but  is  quite  properly  assumed.  That  there  is 
intracellular  digestion  of  red  blood  corpuscles  there  can  be  no  doubt. 
This  is  shown  under  the  microscope  by  the  fragmentation  and  final  dis- 
appearance of  these  corpuscles  Avithin  the  animal  cell.  This  parasite 
is  properly  named  "histolytica,"  and  it  is  quite  certain  that  its  pene- 
tration and  destruction  of  the  intestinal  wall  is  not  due  to  mechanical 
means  nor  to  processes  of  intrasusception,  but  to  a  real  extracorporeal 
digestion.  It  is  through  the  action  of  the  digestive  secretions  of  the 
parasite  that  the  characteristic  intestinal  lesions  of  amoebic  dysentery 
are  caused. 

There  is  still  room  for  discussion  as  to  the  relation  between  E.  his- 
tolytica and  certain  bacteria  which  accompany  it.  Some  have  argued 
that  amoebic  dysentery  is  a  result  of  symbiotic  action  of  amoebae  and 
bacteria.  This  idea  is  due  to  several  observations.  In  the  first  place, 
amoebae  in  the  intestinal  tract  are  always  associated  with  bacteria.  In 
the  second  place,  bacteria  are  often  observed  within  the  amoebic  cell. 
In  the  third  place,  those  amoebae  which  have  been  cultivated  artificially 
grow  best  upon  preparations  containing  bacteria.  None  of  these,  how- 
ever, proves  that  in  the  production  of  ulcers  in  the  intestine  E.  his- 
tolytica is  in  any  way  aided  or  abetted  by  bacteria.  It  has  been  demon- 
strated that  in  certain  amoebic  liver  abscesses  there  are  no  bacteria,  and, 
indeed,  the  only  living,  multiplying  thing  in  these  abscesses  is  the 
amoeba.  It  follows,  therefore,  that  for  the  digestion  and  destruction  of 
tissue,  E.  histolytica  needs  no  bacterial  help.  In  the  second  place,  while  it 
is  true  that  bacteria  are  often  seen  in  the  cells  of  E.  histolytica,  it  has  not 
been  decided  whether  these  included  bacteria  are  serving  as  food  for  the 
animal  cells,  or  are  feeding  upon  the  cells  which  they  have  invaded.  As  to 
the  groMang  of  certain  amoebae  in  bacterial  cultures,  there  can  be  no  ques- 
tion that  at  least  many  members  of  the  genus  Amoeba  do  feed  upon  bac- 
teria, but  this  is  no  proof  that  E.  histolytica  uses  the  same  food.  The 
weight  of  evidence  is  that  E.  histolytica,  unaided,  causes  the  intestinal 
ulcerations  characteristic  of  this  form  of  dysentery. 

In  the  ulcers  the  parasite  is  free.  Here  it  feeds  and  reproduces  its 
kind.  From  the  ulcers  some  of  the  parasites  are  constantly  wandering 
into  the  lumen  of  the  gut  and  here  some  of  them  are  encysted.  This 
encystation  is  undoubtedly  a  protective  measure.  In  the  stools  there 
are  both  free  and  encysted  amoebae.  The  former  speedily  die.  The 
encysted  forms  withstand  many  conditions  which  prove  fatal  to  their 
naked  comrades ;  in  fact,  encystation  is  undoubtedly  a  provision  for  the 
prolongation  of  the  extracorporeal  existence  of  the  animal.  Protected 
by  its  armor,  it  is  no  longer  in  need  of  food,  it  resists  destruction  and 
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other  injury,  and  only  awaits  opportunity  for  transfer  to  a  host.  The 
cysts  are  swallowed  in  food  or  drink,  and  in  their  encysted  state  these 
organisms  resist  the  action  of  the  gastric  juice  and  safely  pass  the 
portal  of  entry  into  the  intestine.  It  has  been  shown  experimentally 
that  gastric  juice  does  not  dissolve  the  cyst  enclosing  E.  histolytica. 
Having  reached  the  small  intestine,  the  cyst  Avail  is  dissolved  by  the 
trypsin  of  the  intestinal  juice,  and  the  parasite  is  set  free  to  begin 
again  its  activities  in  its  normal  habitat. 

McCarrison,  from  both  experimental  studies  on  monkeys  and  clinical 
observations  on  man,  is  quite  certain  amoebic  dysentery  is  most  fre- 
quent among  those  who  subsist  on  a  diet  deficient  in  vitamins  and  that 
this  disease  is  often  speedily  relieved  by  dietetic  measures.     He  says : 

"Entamoeba  histolytica  is  no  doubt  the  specific  infecting  agent  in  amoebic  dysentery, 
but  that  it  can  establish  itself  on  a  healthy  intestinal  mucosa  is  ojjen  to  doubt.  In  the 
prevention  of  dysentery  there  are  two  precautions  necessary:  (1)  The  maintenance  of 
the  healthy  and  protective  activity  of  the  intestinal  tract;  and  (2)  the  prevention  of 
infection.  The  conditions  necessary  for  the  infection  of  the  intestinal  mucosa  differ 
little  from  those  necessary  for  infection  of  the  skin;  these  conditions  are  provided  by 
ill  nourished,  poisoned  and  imperfectly  functioning  tissues.  Improper  food  supply  is 
the  most  ready  means  of  inducing  such  changes  in  the  intestinal  mucosa. ' ' 

Multiplication. — There  has  been  marked  difference  of  statement  con- 
cerning the  methods  of  multiplication  in  this  organism.  Schaudinn 
taught  that  it  multiplies,  under  certain  conditions  at  least,  by  the  for- 
mation of  spores.  This  was  apparently  confirmed  by  Craig  and  others, 
but  Craig  no  longer  believes  in  spore  formation,  stating  that  he  mistook 
degenerating  forms  of  histolytica,  which  are  very  common  in  dysenteric 
stools,  for  the  so-called  ^'budding"  or  ''sporulating"  forms  of  the  para- 
site described  by  Schaudinn.  At  the  present  time  it  is  definitely  proved 
that  multiplication  by  spore  formation  or  "budding"  does  not  occur  in 
this  species,  and  that  multiplication,  in  the  vegetative  stage  of  develop- 
ment occurs  by  direct  binary  fission.  The  nucleus  increases  in  volume, 
becomes  more  prominent,  and  often  of  a  spindle  shape.  The  chromatin 
gradually  collects  at  each  end  of  the  spindle,  the  distance  between  these 
collections  increases,  the  connecting  filaments  become  more  tenuous, 
and  finally  two  daughter  nuclei  are  entirely  detached  and  the  amoeba 
appears  with  two  nuclei.  In  the  next  stage,  the  animal  elongates, 
divides  into  two  practically  equal  portions  which  finally  separate  en- 
tirely, thus  giving  rise  to  two  amoebae,  each  supplied  with  one  of  the 
daughter  nuclei.     Dobell  describes  this  binary  fission  as  follows: 

"The  two  daughter  nuclei  undergo  reconstruction,  into  the  foiTn  of  the  resting 
nucleus,  by  gradual  'rearrangement  of  the  chromatin  granules  on  tlie  nuclear  membrane 
and  differentiation  of  the  karyosome  in  the  center.  The  whole  organism  becomes 
elongated,  and  the  nuclei  pass  to  its  ends.  A  constriction  then  appears  in  the  middle 
of  the  animal  and  gradually  deepens  until  complete  constriction  into  two  is  effected. 
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Remnants  of  the  tliiead  which  originally  connected  the  two  daughter  nuclei  often  per- 
sist for  a  considerable  time,  as  little  knobs  or  outgrowths  on  the  daughter  nuclei." 

Multiplication  occurs  mostly,  if  not  altogether,  in  the  tissue.  It  is 
best  studied  by  killing  cats  infected  with  this  organism  and  making 
sections  through  the  intestinal  ulcerations  without  delay.  It  is  true 
that  Harris  reported  binary  fission  as  observed  in  the  stool,  but  no  one 
else,  so  far  as  we  know,  has  been  equally  fortunate,  and  it  requires 
both  patience  and  skill  to  satisfactorily  obtain  sections  of  the  ulcerated 
intestines  showing  these  animals  in  a  stage  of  fission.  Multiplication 
goes  on,  for  a  time  at  least,  in  the  abscesses  formed  by  the  invasion  of 
the  liver,  brain,  and  other  organs;  in  short,  fission  is  a  process  which 
occurs  at  the  same  time  and  in  the  same  place  as  the  animal  feeds. 

Multiplication  by  sexual  conjugation  has  been  suspected  by  some 
observers,  but  it  has  not  been  demonstrated.  On  this  point  Craig  writes 
as  follows: 

"I  have  several  times  observed  a  process  which  may  be  interpreted  as  conjugation 
in  this  species  of  amoeba.  Two  organisms  may .  sometimes  be  noted  lying  in  contact, 
while  marked  streaming  of  the  protoplasm  of  each  is  present.  It  often  appears  as 
though  there  was  an  interchange  of  protoplasm  and  I  am  sure  that  at  times  I  have 
seen  the  nucleus  of  one  within  the  cytoplasm  of  the  other.  Besides  the  streaming 
motion  of  the  protoplasm  the  organisms  are  frequently  observed  to  apparently  'revolve 
about  one  another,  while  still  attached,  this  movement  alternating  with  the  motion  of 
the  protoplasm.  *  *  *  It  is  impossible  at  present  to  be  sure  of  the  exact  nature  of 
this  process,  but  it  appears  to  me  more  than  probable  that  it  is  an  instance  of  true 
conjugation. ' ' 

Encystation, — As  we  have  already  stated,  encystation  is  preparatory 
to  the  exit  of  the  parasite  from  the  body  of  its  host  and  is  for  protective 
purposes.  Encystation  occurs  in  the  lumen  of  the  intestine.  It  does  not 
take  place  in  the  ulcers,  nor  in  th6  abscesses,  formed  in  cases  of  second- 
ary infection.  Before-  encystation,  the  parasite  decreases  in  size. 
Whether  this  is  due  to  fission  or  to  the  extrusion  of  nonessential  con- 
stituents of  the  cell,  has  not  been  definitely  determined.  The  precystic 
organism  is  smaller  than  the  average  found  in  the  dysenteric  stool. 
Great  numbers  of  amoebae  are  thrown  from  the  body  unprotected 
by  cysts.  These  speedily  die.  Some  leave  the  body  while  the  process 
of  encystation  is  still  incomplete.  These  also  die  and  there  is  no  evi- 
dence that  encystation  continues  to  develop  after  expulsion  from  the 
body.  The  cyst  wall  is  formed  by  an  excretion  from  the  parasite ;  in 
other  Avords,  it  encysts  itself.  The  cyst  wall  consists  of  a  single  layer 
and  as  has  been  stated,  this  is  impervious  to  gastric  juice  but  is  readily 
digested  by  trypsin.  Concerning  cysts  and  their  resistance  to  untoward 
conditions,  Dobell  makes  the  following  statement: 

"The  cysts  of  E.  histolytica  will  survive  for  several  weeks  outside  the  body  of 
man,  if  they  are  kept  moist  and  cool.     They  will  live  in  damp  feces  or  in  water  without 
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phowing  any  conspicuous  change  save  the  loss  of  their  chromatoid.  bodies.  As  a  rule, 
if  the  cysts  are  kept  under  observation,  it  will  be  found  that  some  of  them  remain 
alive  much  longer  than  the  others.  In  water  or  feces  some  will  usually  be  found  dead 
at  the  end  of  a  week,  many  more  after  the  lapse  of  a  fortnight,  and  after  tliis  period 
only  isolated  survivors  will  be  discoverable.  The  longest  time  of  survival  which  I  have 
observed  is  five  weeks  (cysts  kept  in  water),  but  as  a  rule  they  will  not  live  so  long. 
Desiccation  kills  them  immediately,  and  they  degenerate  much  mere  rapidly  at  a  high 
than  at  a  low  temperature.  At  body  temperature  they  generally  die  within  a  few  days 
at  most.  Degeneration  of  the  cysts  is  readily  recognizable.  The  nuclei  first  become 
unnaturally  distinct  in  the  fresh  cysts — owing  to  the  coagulation  which  occurs  on  the 
death  of  the  protoplasm — and  then  break  up.  As  the  cysts  die  they  also,  become  per- 
meable to  aqueous  solutions  of  various  stains  (eosin,  etc.).  The  cytoplasm  becomes 
vacuolated,  and  finally  disintegrates.  Cysts  are  passed  in  the  feces  in  the  uninucleate, 
binucleate,  or  quadrinucleate  stage.  Those  containing  less  than  four  nuclei  never  de- 
velop to  maturity  outside  the  body,  and  usually  die  much  sooner  than  the  mature  cysts. 
Even  cysts  with  dividing  nuclei  do  not  complete  their  nuclear  divisions.  ^  Spindle-figures 
and  other  stages  arrested  in  division  can  be  seen  to  remain  unchanged  within  the  cysts 
until  degeneration  takes  place." 

When  the  cysts  are  fed  to  cats  a  large  percentage  of  these  animals — 
sometimes  ninety — develop  dysentery,  usually  within  from  seven  to  nine 
days.  Walker  fed  20  men  on  encysted  Entamoeba  histolytica.  He  suc- 
ceeded in  infecting  18  out  of  the  20,  as  determined  by  the  appearance 
of  the  cysts  in  the  stools,  the  time  required  for  this  varying  from  one 
to  44  days  and  averaging  about  nine  days.  Although  18  men  were  in- 
fected, as  shown  by  the  presence  of  the  amoebae  in  their  stools,  only  four 
developed  dysentery  and  in  two  of  these  the  clinical  symptoms  were 
mild. 

Pathogenicity. — There  has  been  considerable  discussion  as  to  the  ex- 
istence of  strains  of  E.  histolytica  of  variable  virulence.  This  has  been 
offered  as  an  explanation  of  the  well-known  fact  that  many  men  carry 
this  organism  in  their  intestines  and  are  constantly  eliminating  it  in 
their  stools  without  manifesting  any  symptoms  of  the  disease.  It  is  sup- 
posed that  these  men  have  been  infected  with  a  mild  strain,  while  those 
who  develop  the  symptoms  and  lesions  are  supposed  to  have  swallov/ed 
more  virulent  strains.  It  is  more  than  likely  that  the  difference  in  sus- 
ceptibility lies  in  the  host  rather  than  in  the  parasite.  It  must  be  evi- 
dent that,  for  both  guest  and  host,  it  is  desirable  that  they  live  in 
harmony.  In  most  men  the  parasite,  although  feeding  on  the  intestinal 
wall,  destroys  so  small  a  part  of  this  tissue  in  order  to  support  its  life, 
that  no  recognizable  injury  comes  to  the  man.  In  this  way,  carriers  of 
amoebic  dysentery  in  certain  sections  of  the  country  are  numerous  and 
most  of  those  who  contract  the  disease  obtain  the  parasite  not  from 
one  Avho  is  sick,  but  from  a  healthy  carrier.  Walker  divides  those  who 
are  eliminating  pathogenic  amoebae  in  their  stools  without  at  the  time 
showing   anv   ill  effects,  into  two   classes,   contact   carriers   and  conva- 
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lescent  carriers.  The  former  are  those  who  are  never  sufficiently  affected 
by  the  location  and  activity  of  the  parasite  in  their  intestines  to  recog- 
nize its  presence.  These  contact  carriers  are  numerous  in  certain  lo- 
calities. The  convalescent  carrier  is  one  who  has  had  the  disease  and 
has,  in  part  at  least,  recovered  from  it.  He  also  goes  about  among  his 
fellow-men  and  infects  localities. 

It  is  worthy  of  note  that  as  a  result  of  recent  studies,  Kofoid  and  his 
students  conclude  that  amoebae  cause  certain  forms  of  arthritis  and 
play  an  important  role  in  the  development  of  Hodgkin's  disease. 

Entamoeba  Coll. — We  have  already  pointed  out  the  similarities  and  the 
differences  between  Entamoeba  histolytica  and  Entamoeba  coli.  At  this 
place,  we  simply  desire  to  emphasize  the  fact  that  Entamoeba  coli,  while 
parasitic  to  man,  is  without  pathogenic  properties.  Finding  entamoebae  in 
the  stools  is  not  sufficient  to  make  a  diagnosis  either  of  amoebic  infection 
or  amoebic  disease. 

Entamoeba  G-ingivalis. — This  is  an  organism  Avliich  is  found  in  the 
mouth,  especially  in  the  tartar  which  forms  on  the  teeth.  Some  interest 
was  awakened  in  it  a  few  years  ago  by  the  claim  made  by  Bass  and 
others  that  it  is  a  cause  of  pyorrhea.  This  claim  has  not  been  sus- 
tained and,  so  far  as  we  knoAV  at  the  present  time,  this  organism  is 
entirely  harmless. 

Endolimax  Nana. — This  is  a  small  amoeba  occurring  in  the  human  in- 
testine, nonpathogenic  in  character,  but  important  from  a  diagnostic 
standpoint,  because  it  forms  four  nucleated  cysts  which  may  be  mis- 
taken for  the  cysts  of  Entamoeha  histolytica,  the  cause  of  amoebic  dysen- 
tery. These  cysts  are  differentiated  from  those  of  Entamoeha  histolytica 
by  their  smaller  size,  oval  or  irregular  shape,  the  morphology  of  the 
nuclei,  and  the  absence  of  the  distinctive  chromidial  bodies  so  fre- 
quently observed  in  the  cysts  of  histolytica. 

Other  Animal  Parasites  Wliich  May  Cause  Dysentery. — In  1857  Malm- 
sten  studied  and  described  a  large  ciliated  monad  Avhicli  he  found  quite 
constantly  in  the  intestines  of  pigs.  This  animal  is  from  0.06  to  0.1  mm. 
in  length  by  0.05  to  0.07  mm.  in  breadth.  It  is  covered  with  parallel  rows 
of  cilia.  It  has  a  kidney-shaped  nucleus  and  multiplies  both  asexually 
by  fission  and  by  conjugation.  It  is,  in  part  at  least,  eliminated  from  the 
intestine  of  the  pig  in  an  encysted  form.  If  these  cysts  are  swallowed 
by  man  the  organism  is  liberated  in  his  intestine  and  may  cause  ulcera- 
tion of  the  rectum.  This  condition  is  known  as  balantidic  dysentery. 
Malmsten  discovered  this  organism  in  the  stools  in  a  case  of  diarrhea 
with  ulcer  of  the  rectum.  Casagrandi  and  Barbagallo  fed  cats  upon 
the  encysted  form  of  this  parasite  and  produced  in  these  animals  en- 
terocolitis. Balantidic  dysentery,  while  not  common,  is  occasionally 
seen  in  the  tropics  and  has  been  studied  quite  thoroughly  in  the  Philip- 
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pines  by  Strong.  The  disease  comes  on  insidiously  with  alternating 
constipation  and  diarrhea,  with  the  occasional  passage  of  mucns  and 
blood.  In  some  instances,  the  emaciation  is  accompanied  by  marked 
edema  of  the  face  and  limbs.  Recently  (1920)  Nisbet  reported  a  case 
of  this  disease  in  a  farmer  residing  in  North  Carolina.  This  man  had 
long  suffered  with  intermittent  attacks  of  diarrhea  with  occasional  dis- 
charge of  blood  and  mucus  in  his  stools.  Examination  of  the  sigmoid 
showed  numerous  ulcers  from  5  mm.  to  5  cm.  in  diameter.  The  stools 
contained  numerous  balantidia.  In  the  discussion  of  Nisbet 's  paper, 
Eastland,  of  Texas,  reported  that  he  had  seen  30  cases  of  balantidic 
dysentery  in  his  practice  during  the  past  18  months,  and  he  stated 
that  the  chances  of  detecting  this  parasite  are  increased  if  one  examines 
the  second  stool  passed  after  purgation.  Simon,  of  New  Orleans,  does 
not  believe  that  this  form  of  dysentery  is  so  prevalent  in  this  country 
and  states  that  the  total  number  of  published  cases  in  the  w^orld  is  175. 

In  1904  Strong  collected  from  the  literature  127  cases  of  balantidic 
dysentery,  with  35  deaths.  In  32  of  the  fatal  cases,  autopsies  were 
made,  28  showing  an  ulcerative  colitis  and  four  a  chronic  catarrhal 
colitis.  "Walker  infected  monkeys  with  balantidia  and  came  to  the  follow- 
ing conclusions:  (1)  Parasitization  with  balantidia  is  relatively  common 
in  the  Philippine  Islands.  (2)  A  large  proportion  of  the  pigs  in  and 
about  Manila  carry  balantidium.  (3)  Morphologically,  balantidium  suis 
is  identical  with  balantidia  hominis.  (4)  Balantidium  is  the  primary  etio- 
logic  factor  in  balantidic  dysentery.  In  1917,  Manlove,  in  Manila,  autop- 
sied  two  cases  of  balantidiasis.  In  one  there  was  a  history  of  dysentery, 
while  in  the  other  the  intestinal  condition  was  unimportant  and  was 
discovered  in  a  routine  examination.  This  author  concludes  that  bal- 
antidiasis is  relatively  unimportant  as  a  cause  of  death  in  the  Philip- 
pines, but  may  cause  considerable  morbidity. 

There  are  several  varieties  of  balantidium,  as  B.  minutum,  B.  itali- 
cum,  and  B.  japonicum,  all  of  which  are  said  to  be  capable  of  causing 
dysentery  in  man.  This  is  true  of  certain  related  genera,  such  as  Col- 
poda  cucuUus,  Nyctotherus  faba,  N.  giganteus,  and  N.  africanus.  The 
larvae  of  certain  diptera  frequently  cause  dysenteric  diseases  in  some 
of  the  lower  animals,  especially  the  horse,  and  are  believed  to  be  rare 
causes  of  similar  diseases  in  man.  Under  the  name  Laveranic  dysen- 
tery, Castellani  describes  a  disease  which  is  accompanied  with  high 
fever,  groat  distress,  marked  prostration  and  the  passage  of  stools  con- 
taining blood  and  mucus.  This  disease  accompanies  certain  severe  forms 
of  tropical  malaria  and  it  may  be  said  in  this  connection  that  at  one 
time  it  Avas  believed  that  malaria  and  dysentery  are  closely  related;  in 
fact,  dysentery  was  often  believed  to  be  a  malarial  disease.     This  opinion 
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apparently  prevailed  largely  among  medical  officers  during  the  War  of 
the  Eebellion.  It  cannot  be  denied  that  malaria  and  dysentery  are  often 
prevalent  at  the  same  time  and  in  the  same  neighborhood,  and  it  must  be 
admitted  that  the  two  diseases  often  coexist  in  the  same  individual,  biit 
we  see  no  reason  for  concluding  that  there  is  a  specific  malarial  dysen- 
tery. More  than  70  years  ago,  Cordier  wrote  that  the  theory  of  the 
malarial  nature  of  dysentery  was  founded  upon  error  in  the  statements 
of  facts  and  was  the  consequence  of  a  false  theory  put  forth  and  de- 
fended with  unjustifiable  and  unwarranted  obstinacy.  On  this  point 
Hirsch  wrote  in  1886  as  follows: 

"Throughout  that  large  area  of  distrihuUon,  dysentery  and  diarrhea  exliibit  an 
almost  complete  correspondence  with  the  malarial  diseases  in  respect  to  the  manner  of 
their  endemic  prevalence,  the  frequency  of  their  epidemic  outbreaks,  and  the  varying 
severity  of  their  type.  Like  the  malarial  diseases  they  reach  the  maximum  of  diffusion 
and  of  intensity,  and  more  especially  their  greatest  severity  as  an  endemic,  in  equa- 
torial latitudes ;  in  subtropical  countries  there  begins  to  be  noticed  a  decrease  in  the 
extent  and  seriousness  of  their  endemic  and  epidemic  incidence,  while  in  still  higher 
latitudes  they  almost  disappear  as  endemic  diseases  and  show  themselves  merely  now 
and  then  in  epidemics  over  an  area  at  one  time  large  and  another  time  small.  In  one 
point  they  differ  from  malarial  diseases,  namely,  that  they  attain  to  higher  latitudes 
of  the  cold  zone,  appearing  as  epidemics  in  regions  that  are  quite  free  from  malaria. ' ' 

Castellani  found  in  two  cases  of  dysentery,  apparently  contracted 
in  Burma,  peculiar  protozoal  bodies,  while  amoebae  and  dysentery 
bacilli  were  present.  The  organisms  observed  consisted  of  elongated 
or  oval  bodies,  one  end  of  which  seemed  to  be  constantly  vibrating.  This 
led  the  observer  to  suspect  the  presence  of  fiagella  or  cilia  or  an  un- 
dulating membrane.  This  parasite  does  not  protrude  pseudopodia,  but 
changes  in  shape  are  frequently  taking  place.  On  insufficient  evidence, 
as  it  appears  to  us,  Castellani  believes  this  organism  to  be  the  cause  of 
dysentery  in  these  cases.  He  calls  this  entoplasmic  dysenter3^  Under 
the  name  leishmanie  dysentery,  Castellani  and  Chalmers  describe  a 
dysenteric  form  of  kala-azar.  Their  diagnosis  was  based  on  the  pres- 
ence of  leishmanie  bodies  in  the  spleen  or  liver  and  on  the  absence  of 
amoebae  and  dysentery  bacilli  in  the  stools.  These  authors,  admit  that 
amoebic  and  bacterial  dysentery  are  not  rare  complications  in  kala- 
azar. 

Under  the  head  of  platyhelminthic  dysenteries,  Castellani  and  Chal- 
mers mention  forms  of  dysentery  which  they  believe  to  be  caused  by 
Fasciolopsis  buski,  Schistosoma  japonicum,  and  S.  mansoni.  In  these 
cases,  the  eggs  of  the  parasite  may  be  found  in  the  stools. 

Recently  (1921)  Sweet  has  reported  the  wide  prevalence  of  fascio- 
lopsis as  an  intestinal  infection  in  Shaohsing,  China.  In  the  examina- 
tion of  732  stools  from  hospital  and  dispensary  patients  he  found  this 
parasite  in  71.5  per  cent.     He  states  that  the  infestation  usually  is  ac- 
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companied  by  a  diarrhea  Avitliout  blood.  In  chronic  cases  there  may  be 
edema  of  the  face  and  hands,  while  in  a  slightly  smaller  percentage  the 
abdomen  becomes  enlarged  and  pendulous.  The  ova  are  easily  found 
in  the  stools  and  examination  of  the  blood  shows  a  moderate  eosinophilia. 

The  same  authors,  under  the  head  of  nemathelminthic  dysenteries,  in- 
clude certain  diseases  in  which  immature  females  of  the  genus  Oeso- 
phagostomum  brumpti  have  been  found.  One  such  case  has  been  re- 
ported from  AVest  Africa  and  another  from  South  America. 

Spirochetic  Dysentery. — This  was  first  reported  by  Le  Dantec.  The 
finding  of  this  author,  however,  has  not  been  confirmed,  and  consequently 
his  report  has  not  been  accepted.  More  recently,  Castellani  has  reported 
a  dysentery  which  he  ascribes  to  a  polymorphic  vibrio.  At  times  this 
organism  appears  as  a  coccus;  again  as  a  large  spirochetal  body,  and 
more  frequently  as  a  vibrio  varying  greatly  in  size.  It  is  highly  motile, 
does  not  ferment  lactose,  grows  readily  on  the  usual  laboratory  media, 
and  in  liquid  cultures  forms  a  characteristic  pellicle.  It  produces  neither 
acid  nor  gas  on  media  containing  the  usual  carbohydrates,  but  often 
produces  a  marked  alkalinity  in  the  culture  medium.  This  is  not  the 
first  time  that  similar  organisms  have  been  reported  in  connection  with 
various  diseases.  They  are  characterized  by  their  great  variety  in  shape, 
size,  and  by  the  production  of  alkali.  The  investigation  of  these  organ- 
isms promises  a  rich  field  for  research. 

The  Bacillary  Dysenteries 

History. — After  the  causal  relationship  between  certain  amoebae  and 
dysentery  had  been  well  established,  it  was  shown  that  in  many  local- 
ities where  dysentery  is  endemic  or  epidemic  no  amoebae  can  be  found 
in  the  stools  during  life  or  in  the  body  after  death.  This  was  convinc- 
ing proof  that  all  dysenteries  are  not  of  amoebic  origin  and  search  for 
bacteria  Avhich  may  play  a  part  in  the  causation  of  the  dj'senteries  was 
prosecuted.  Escherich  quite  convinced  himself  that  the  colon  bacillus 
may  take  on  unusual  virulence  even  in  its  normal  habitat,  the  intestines 
of  man,  and  manifest  its  effects  by  causing  ulceration.  Celli  described 
a  bacillus  belonging  to  the  colon  group,  which  ferments  glucose  and 
clots  milk  and  he  named  this  organism  Bacillus  coli  dysentericus.  This 
may  have  been  one  of  the  now  well-recognized  dysenteric  bacilli.  Cal- 
mette  was  quite  _  convinced  that  in  Cochin  China  dysentery  may  be 
caused  by  the  Bacillus  pyoeyaneus.  This  announcement  met  with  ap- 
parent confirmation  by  the  studies  of  Lartigan  in  the  United  States, 
Adami  in  Canada,  and  others,  but  it  is  now  generally  believed  that  this 
is  in  error. 

In  1898  Shiga  showed  that  amoebae  are  not  found  in  the  severe  epi- 
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demies  of  dysentery  prevalent  in  Japan,  but  lie  did  find  in  the  stools 
during  life  and  in  the  body  after  death  a  well-defined  and  easily  recog- 
nized bacillus.  Since  he  found  this  organism  in  all  his  cases  and  since 
its  cultures  were  agglutinated  by  high  dilutions  of  the  blood  serum  of 
those  ill  with  this  disease,  Shiga  felt  justified  in  claiming  that  he  had 
found  the  specific  cause, 'and  subsequent  studies  have  confirmed  this 
claim.     This  organism  is  now  generally  known  as  the  Shiga  bacillus. 

Two  years  later  (1900)  Flexner,  in  a  report  of  an  expedition  to  inves- 
tigate the  diseases  prevalent  in  the  Philippines,  described  a  bacillus 
found  in  epidemics  on  these  Islands.  It  also  was  present  in  all  cases  and 
agglutinated  with  dilutions  of  the  blood  serum  of  the  sick.  There  was 
for  a  time  much  discussion  about  the  identity  of  these  two  organisms. 
It  would  be  profitless  to  follow  these  discussions,  since  it  is  now  gener- 
ally assumed  that  the  differences  are  sufficient  to  justify  the  conclusion 
that  it  is  a  different  species,  and  this  is  now  known  as  the  Flexner 
bacillus.  There  are  two  other  bacilli  capable  of  causing  dysentery. 
These  are  varieties  of  the  Flexner  bacillus.  One  is  known  as  the  His- 
Russell  and  the  other  as  the  Strong  bacillus. 

The  Shi^a  Bacillus. — This  is  a  small  plump  rod  with  rounded  ends. 
It  M^as  at  first  believed  to  be  motile,  but  closer  studies  showed  that  it 
has  no  flagella  and  no  active  motion,  although  it  demonstrates  the 
BroAvnian  movements  in  a  marked  degree.  It  is  sporeless  and  ordi- 
narily it  needs  frequent  transplantation  in  order  to  keep  it  alive.  Hoav- 
ever,  according  to  Martini,  if  an  agar  culture  tube  be  hermetically 
sealed,  the  rods  disintegrate  into  a  granular  debris  which  is  not  easily 
stained  and  shows  no  rods.  If  this  granular  mass,  even  after  a  year,  be 
placed  in  fresh  medium,  normal  rods  develop.  This  observation  has  been 
confirmed  by  similar  findings  with  the  plague  bacillus  and  it  deserves 
to  be  studied  more  closely  and  thoroughly.  Fresh  cultures  have  a 
sperm-like  odor,  while  older  ones  develop  trimethyl  and  ammonia.  A-^ery 
old  groAvths  have  a  strong  and  penetrating  fecal  smell.  It  takes  the 
ordinary  stains  easily,  but  the  staining  is  not  ahvays  uniform;  sometimes 
it  is  polar.  The  bacillus  dcA^elops  on  ordinary  media  without  any  char- 
acteristic exhibitions.  Culturally  it  is  distinguished  from  the  Flexner 
and  related  dysentery  bacilli  by  the  fact  that  it  develops  no  acid  Avhen 
SfroAvn  on  media  containing  mannite,  maltose,  or  saccharose.  The  Shiga 
bacillus  is  furthermore  distinguished  from  the  other  organisms  of  this 
group  by  the  development  of  a  soluble  toxin.  This  will  be  discussed 
more  in  detail  later. 

The  Shiga  bacillus  is  not  highly  resistant  to  unfavorable  conditions. 
It  is  easily  destroyed  by  the  usually  employed  disinfectants,  both  the 
soluble  and  the  gaseous  forms.  HoAvever,  it  retains  both  Amiability  and 
A^rulence  for  days  Avhen  deposited  on  clothing  oi  food.    It  soon  dies  out 
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in  running  water  and  epidemics  of  bacillary  dysentery  due  to  infected 
water  are  probably  rare.  In  sterilized  water  it  lives  for  many  weeks, 
but  in  the  presence  of  the  usual  saprophytic  bacteria  of  water  it  soon 
dies. 

The  Flexner  Bacillus. — Morphologically,  culturally,  and  tinctorially, 
this  organism  differs  but  little  from  the  Shiga  bacillus.  It,  however, 
produces  indol  in  pepton  cultures  more  abundantly;  produces  acid  in 
mannite  cultures;  rapidly  reduces  nitrates  to  nitrites,  and  elaborates  a 
soluble  toxin  either  not  at  all  or  only  in  small  amount.  These  differences 
in  function  rather  than  in  form,  led  to  the  conclusion  that  the  two  or- 
ganisms are  of  different  species.  The  His-Russell  is  a  variety  or  strain 
of  the  Flexner  bacillus.  It  produces  indol  more  slowly,  reduces  nitrates 
less  energetically,  and  decomposes  mannite,  but  is  without  action  on 
maltose  and  saccharose.  The  Strong  organism  is  even  more  closely  re- 
lated to  the  Flexner  bacillus  and,  in  fact,  there  seems  to  be  no  constant 
differences  when  many  strains  of  both  are  studied.  The  Shiga  bacillus, 
with  its  subvarieties,  is  now  known  as  the  dysentery  bacillus  rich  in 
toxin  production,  and  the  others  as  poor  in  this  product.  The  latter  are 
found  to  be  more  stabile.  They  are  not  so  easily  overgrown  by  sapro- 
phytic bacteria ;  they  retain  their  vitality  for  a  long  time  under  adverse 
conditions,  and  they  are  not  so  easily  destroyed  by  disinfectants.  They 
may  persist  for  many  days  in  drinking  water,  for  man}^  weeks  on  cloth- 
ing, and  cultures  need  to  be  transplanted  only  every  second  or  third 
month. 

Pathogenicity. — Rabbits,  mice,  dogs,  goats,  and  horses  are  highly  sus- 
ceptible to  subcutaneous,  intraabdominal,  and  intravenous  inoculations 
with  these  bacilli,  especially  the  Shiga  bacillus.  Very  minute  doses  in- 
troduced by  these  avenues  cause  acute  fever,  with  paralytic  symptoms, 
in  the  extremities,  dysenteric  stools  with  mucus  and  blood,  then  a 
rapidly  falling  temperature  ending  in  death.  Autopsy  shows  an  inflam- 
matory condition  of  the  kidneys,  lungs,  and  the  mucous  membrane  of 
the  intestinal  tract.  The  bacilli  are  found  in  these  cases  in  the  stools, 
in  the  blood,  and  in  the  various  organs.  With  still  smaller  doses  the 
disease  is  more  chronic  and  the  lesions  are  more  advanced  with  necrosis 
of  the  intestinal  epithelium  and  ulceration  in  the  large  intestine.  These 
effects  are  produced  by  both  living  and  dead  bacilli  of  the  Shiga  type ; 
also  with  filtered  cultures.  This  shows  that  the  nature  of  the  process  is 
an  intoxication  rather  than  a  pure  infection.  Even  one  one-hundredth 
of  a  loop  of  a  culture  may  induce  these  symptoms  and  lesions  in  mice. 
Strange  to  say,  the  guinea  pig  is  relatively  resistant  to  this  organism. 
From  the  researches  of  Gav,  we  learn  that  the  horse  shows  marked  ele- 
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vation  of  temperature,  with  prostration  and  labored  breathing  when 
treated  with  one-fourth  the  minimum  fatal  dose  for  guinea  pigs. 

There  has  been  much  controversy  concerning  the  nature  of  the  soluble 
toxin  found  in  cultures  of  the  Shiga  bacillus.  Some  claim  that  it  is  a 
true  toxin,  a  secretion  of  the  bacillary  cells,  while  others  contend  that 
it  is  an  autolytic  product,  resulting  from  the  cleavage  of  the  bacilli. 
Antitoxic  sera  in  variety  have  been  made  and  have  been  used  for  both 
prevention  and  cure.  Living  and  dead  cultures  have  been  used  in  the 
preparation  of  the  toxins  and,  as  happens  when  bacterial  cell  substance 
is  repeatedly  injected,  many  animals  die  in  the  process  of  immunization. 
There  is  no  standard  method  of  preparing  the  antitoxin  as  there  is  for 
diphtheria.  It  follows  that  the  antitoxic  sera  are  not  of  uniform  value 
and  there  is  still  some  doubt  as  to  whether  their  effects  should  be 
ascribed  to  bactericidal  or  antitoxic  properties.  Gay  has  obtained  a 
serum  by  treating  horses  Avith  Flexner's  bacillus,  and  has  treated  cases 
of  dysentery  with  this  with  good  results,  but  Escherich,  in  Vienna,  did 
not  find  it  so  valuable.  Numerous  observers  have  reported  great  reduc- 
tion in  the  mortality  in  cases  of  Shiga  infection  by  treatment  with  the 
specific  antitoxin. 

All  attempts  to  induce  typical  dysentery  in  ordinary  laboratory  an- 
imals by  feeding  with  dysenteric  bacilli  have  failed.  It  is  true  that 
massive  doses  may  cause  some  intestinal  inflammation  with  loose  stools, 
but  many  bacteria  will  bring  about  this  result.  In  apes  the  disease  may 
be  induced  by  feeding,  and  it  is  stated  that  dysentery  is  sometimes  epi- 
demic among  these  animals.  This  is  certainly  true  of  apes  in  captivity, 
one  such  epidemic  having  been  observed  in  Paris  and  another  in  Manila. 
Subcutaneous  injections  of  dead  bacilli  in  man  have  been,  used  for  vac- 
cination purposes,  but  quite  naturally,  the  value  of  such  a  procedure 
must  remain  undetermined  until  it  has  been  done  on  a  large  number  of 
persons  living  in  the  midst  of  epidemic  dysentery.  Liidke  vaccinated 
himself  in  this  way,  but  later  became  infected  while  working  Avith  liv- 
ing cultures.  He,  therefore,  concludes  that  if  subcutaneous  injections 
of  dead  cultures  have  any  protective  value,  it  is  of  short  duration.  In 
a  local  epidemic  in  an  insane  asylum  Fuksch  vaccinated  the  men  and 
left  the  women  without  treatment,  and  states  that  the  disease  did  not 
snread  further  among  the  former  while  it  continued  among  the  latter. 
Shiga  (1898-1900)  vaccinated  10,000  Japanese  in  localities  in  which  dys- 
entery was  prevalent  and  found  that  this  procedure  did  not  reduce 
morbidity  but  had  a  marked  and  gratifying  effect  on  the  mortality. 
In  some  localities,  while  the  death  rate  among  the  unvaceinated  reached 
from  thirty  to  forty  per  cent,  there  were  no  deaths  among  the  vac- 
cinated. The  same  investigator  vaccinated  large  numbers  of  the  Jap- 
finese  troops  in  the  Avar  Avith  Eussia.     At  this  time  he  suspended  dead 
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bacilli  in  antitoxic  serum  and  made  three  injections  at  intervals  of  three 
or  four  days,  increasing  the  size  of  the  dose  at  each  injection. 

Castellani  and  Chalmers  make  the  following  statement  concerning  the 
pathogenicity  of  dysenteric  bacilli : 

' '  The  bacilli  taken  into  the  body  with  food  and  drink  pass  to  the  intestine,  in  Avhicli 
they  grow  and  multiply,  and  along  the  whole  length  of  which  they  can  be  found.  The 
researches  of  Flexuer  and  Sweet  have  j^roved  that  the  bacilli  can  abound  in  the  small 
intestine,  where  no  pathological  lesion  may  be  found.  In  the  bowel  they  give  rise 
to  the  toxins,  of  which  tAvo  are  known — one  which  acts  ujDon  the  lower  bowel,  and  the 
other  on  the  nervous  system.  Both  these  toxins  are  absorbed  into  the  blood,  but  the 
first,  being  excreted  by  the  large  bowel,  causes  the  lesions  well  known  to  be  associated 
with  dysentery,  and  explains  the  localization  of  these  lesions.  In  the  process  of 
excretion  this  toxin  first  causes  an  exudation  of  lymph  into  the  suljmucosa,  and  later 
into,  the  mucosa.  This  lymph  coagulates  and  is  invaded  by  a  cellular  exudate,  and  in 
due  course  the  glands'  and  the  tissue  of  the  mucosa  and  the  muscularis  mucosae  are 
destroyed  by  coagulative  necrosis,  with  thrombosis  of  the  vessels.  This  fibrinous  or 
diphtheroid  membrane  is  at  first  most  marked  on  the  summits  of  the  ridges,  and  may 
not  be  found  at  the  bottom  between  the  ridges.  It  contains  large  numbers  of  micro- 
organisms of  varying  characters,  while  the  depths  of  the  submucosa  may  reveal  ac- 
cumulations of  leucocytes,  and  the  peritoneal  coat  may  be  edematous.  The  micro- 
organisms destroy  the  fibrinous  false  membrane,  which  may  separate  off  in  flakes,  thus 
causing  ulcers,  which  are  at  first  superficial,  but  later  become  deep  and  extensive.  After 
treatment  these  ulcers  heal  with  the  formation  of  connective  tissue,  thus  producing 
a  sear  in  the  mucous  membrane,  which  in  due  course  becomes  pigmented  from  the 
sulphuretted  hydrogen  of  the  bowel  acting  on  the  iron  of  the  blood.  The  Other  toxin 
may  attack  the  nervous  system,  causing  peripheral  neuritis.  Very  rarely  do  the  bacilli 
enter  the  blood  stream,  and  cause  true  sej^ticemia,  though  such  cases  have  been  recorded 
by  Eosenthal  and  Markwald,  the  latter  observer  stating  that  he  found  the  bacilli  in 
the  blood  and  intestinal  contents  of  a  fetus  which  had  been  prematurely  expelled  from 
the  uterus  of  a  mother  who  was  suffering  from  bacillary  dysentery.  Darling  has 
actually  grown  the  bacillus  from  the  blood  of  cases  of  bacterial  dysentery.  Occasion- 
ally bacilli  affect  the  joints  and  very  rarely  the  conjunctiva. ' ' 

There  can  be  no  doubt  concerning  the  causal  relation  of  these  bacilli 
to  dysentery  in  man.  As  has  been  stated,  high  dilutions  of  the  blood  of 
those  sick  agglutinate  cultures  of  these  bacilli.  This  is  positive,  but 
not  conclusive,  evidence.  There  is,  however,  confirmatory  proof.  Strong 
fed  pure  cultures  of  the  Shiga  bacillus  to  two  criminals  sentenced  to 
death  and  both  developed  typical  dysentery.  Jehle  drank  mixed  Shiga 
and  Flexner  cultures  and  developed  the  disease  on  the  third  day.  He 
found  both  bacilli  in  his  stools.  Several  accidental  laboratory  infections 
have  occurred.  Each  of  these  bacilli  produces  typical  dysentery  with 
characteristic  symptoms  and  lesions.  The  Shiga  is  the  more  virulent, 
but  otherwise  the  results  are  the  same.  Close  study  shows  that  the  vari- 
eties of  these  bacilli  might  be  multiplied,  but,  while  this  is  of  scientific 
interest,  it  is  not  of  great  practical  importance.     These  bacilli  are  dis- 
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tributed  all  over  the  Avorlcl,  liaviiig  been  found  in  all  climes  and  among 
all  conditions  of  men. 

Sources  of  Infectioli. — Like  typhoid  fever,  dysentery  is  always  due  to 
the  transfer  of  the  excreta  of  one  person  to  the  ingesta  of  another.  In 
the  great  majority-  of  instances  infection  is  transferred  through  contact, 
Avhicli  may  be  direct  or  indirect.  The  prevalence  of  dysentery  is  deter- 
mined by  the  extent  to  which  fecal  contamination  exists  in  the  locality. 
The  disease  is  most  abundant  where  fecal  disposition  is  most  primitive. 
With  improvement  in  the  latter,  the  disease  grows  less.  Thirty  years 
and  more  ago  dysentery,  under  various  names,  such  as  ''mucous  and 
bloody  diarrhea"  and  "bloody  flux,"  reaped  rich  harvests,  especially 
among  children,  in  various  sections  of  this  country.  As  methods  for  the 
disposal  of  fecal  matter  greAv  more  efficient  the  death  rate  from  this 
disease  decreased.  It  decreased  at  first  in  cities  with  the  introduction 
of  water-closets,  then  it  grew  less  in  villages  in  which  the  same  improve- 
ment was  inaugurated,  and  lastly-,  its  highest  prevalence  was  in  the  less 
progressive  and  more  ignorant  communities.  Its  dependence  on  igno- 
rance and  filth  for  its  dissemination  is  shown  by  the  frequency  of  out- 
breaks in  insane  asylums,  and  especially  in  wards  occupied  by  those  who 
pollute  themselves,  their  clothing  and  bedding,  and  even  smear  the  walls 
of  their  rooms  with  fecal  matter.  In  primitive  places  there  are  not  even 
privy  vaults;  stools  are  deposited  at  random  on  the  ground;  everything 
about  the  individual  home  and  throughout  the  village  becomes  soiled 
with  fecal  matter.  These  are  the  localities  in  which  dysentery  most 
abundantly  flourishes.  With  typhoid  fever,  it  has  spread  through  camps 
and  decimated  armies.  It  has  accompanied  military  and  civil  explora- 
tions even  into  uninhabited  regions  and  has  flourished  wherever  man  has 
found  even  a  temporary  abiding  place  and  has  surrounded  and  befouled 
himself  with  his  oAvn  excretions.  This  does  not  mean  that  it  may  orig- 
inate de  novo,  for  it  does  not;  but  the  sick  and  the  well  may  long  harbor 
the  bacilli  in  their  intestines  and  plant  them  over  wdde  regions  in  their 
stools.  Hands,  the  person,  clothing,  bedding,  food,  and  water  may  bear 
the  infection.  Prom  the  dirty  hands  of  the  milker,  the  cook,  or  the 
waiter,  these  organisms  may  find  their  way  into  the  food.  Those  recov- 
ering from  the  disease  may  continue  for  weeks  as  veritable  culture 
flasks  for  the  growth  and  distribution  of  this  virus.  Others  may  carry 
the  bacilli  without  developing"  the  disease.  Flies,  and  possibly  other 
insects,  aid  in  its  distribution.  While  the  bacilli  are  not  spontaneously 
generated  in  filth,  they  are  Avidely  disseminated  and  they  flourish  in 
polluted  places.  An  epidemic  of  amoebic  dysentery,  undoubtedly  trans- 
mitted by  flies,  was  studied  by  Craig  in  1917.  It  occurred  among  the 
United  States  troops  stationed  at  El  Paso,  Tex.,  and  156  cases  of  the  dis- 
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ease  occurred  before  the  epidemic  was  controlled.  Very  careful  epi- 
demiologic studies  were  made  of  this  outbreak  and  the  only  logical  con- 
clusion that  could  be  drawn  from  the  evidence  was  that  the  infection 
was  almost  entirely  transmitted  by  the  flies  which  swarmed  in  the  camps 
at  the  time  the  epidemic  occurred. 

Contact  Infection. — Numerous  small  epidemics  of  dysentery,  both 
amoebic  and  bacillary,  have  been  recorded.  An  instance  of  this  kind  in 
which  the  cook  was  infected,  is  reported  by  Bussow,  of  Graz.  The  pa- 
tients in  a  hospital  whose  food  was  prepared  by  this  infected  cook  de- 
veloped a  bacillary  dysentery,  while  other  patients  in  the  same  hospital 
with  whom  this  cook  did  not  come  into  contact  in  any  way,  escaped. 
A  local  epidemic  confined  to  one  block  in  Charlotte,  N.  C,  is  reported 
by  Allan.  The  latter  observer  states  that  the  death  rate  in  amoebiasis 
in  Charlotte  constantly  exceeds  that  from  typhoid  fever.  He  also  calls 
attention  to  the  fact  that  amoebae  are  often  found  in  the  stools  of  pel- 
lagrins. We  are  inclined  to  the  opinion,  however,  that  Allen  diagnosed 
every  case  in  which  he  found  amoebae  in  the  stools  as  amoebiasis,  and  we 
know  that  this  is  not  justified  unless  the  kind  of  amoebae  found  is 
identified. 

The  Flagellate  Diarrheas 

Discussion. — In  the  group  of  the  Mastigophora  there  are  three  flagel- 
lates which  are  frequently  found  in  the  intestines  of  man.  These  are 
Lamblia  intestinalis,  Trichomonas  intestinalis,  and  Tetramitus  mesnili. 
L.  intestinalis  has  not  been  found  in  the  encysted  form.  It  leaves  the 
bowels  in  the  free  or  vegetative  state.  Its  natural  habitat  is  the  large 
intestine  and  cecum,  where  it  grows  in  enormous  numbers  and  in  pear- 
shaped  form,  varying  in  length  from  5  to  15  microns.  The  anterior  end 
is  blunt  and  there  arise  therefrom  three  slightly  spiral  flagella.  At  the 
same  end  there  is  a  nucleus  showing  a  slight  conical  depression.  In  the 
fresh  state  these  organisms  move  rapidly  by  vigorous  activity  of  the 
anterior  flagella,  aided  undoubtedly  by  the  undulations  of  the  mem- 
brane. Under  the  microscope  they  often  move  so  rapidly  that  the  study 
of  individual  organisms  is  difficult.  When  seen  en  masse  it  is  often  diffi- 
cult to  recognize  the  flagella,  as  they  seem  to  become  attached  to  or 
wrapped  up  in  the  undulating  membranes.  A  dark  ground  condenser  is 
of  aid  in  these  examinations.  It  is  important  to  note  the  three  anterior 
flagella,  because  the  number  distinguishes  this  organism  from  two  others 
closely  related,  the  tetratrichomonas,  which  has  four  anterior  flagella, 
and  the  pentatrichomonas,  which  has  five.  The  trichomonas  survive  in 
the  feces  for  many  days  and  are  quite  highly  resistant  to  untoward  con- 
ditions.   They  withstand  the  action  of  gastric  juice  and  when  swallowed 
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pass  into  the  intestines  where  they  multiply  and  in  some  instances  induce 
disease.  This  parasite  is  very  common  in  rats,  mice,  and  fowls,  and  is 
found  less  frequently  in  dogs. 

In  South  America,  Escomel  has  found  this  flagellate  in  drinking 
water,  has  cultivated  it  from  diarrheal  stools,  and  has  infected  dogs  with 
these  cultures.  In  1912  Smithies  in  Chicago  found  trichomonas  in  the 
gastric  contents  of  two  cases. 

* '  Both  patients  were  women  who  had  resided  in  semi-tropical  climates ;  both  had  been 
weakened  by  illness  and  loss  of  blood  incident  to  surgical  procedures;  both  patients 
had  habitually  partaken  of  unboiled  water  from  surface  wells  and  had  doubtless  also 
eaten  freely  of  fi-esh,  moist,  green  vegetables  and  fruit  in  all  probability  contaminated. 
Neither  patient  had  experienced  periodic  or  chronic  diarrhea;  on  the  contrary,  obstinate 
constipation  was  present  in  spite  of  the  existence  of  enormous  numbers  of  flagellate 
protozoa  and  motile  and  nomnotile  bacteria  in  the  intestinal  tract.  This  is  somewhat 
unusual  where  trichomonads  are  present,  but  the  condition  has  also  been  observed  by 
Freund  and  others.  In  each  case,  gastrointestinal  symptoms  were  prominent.  These 
were  nausea,  flatulence,  abdominal  distention,  colicky  pains,  and  constipation.  Skatol 
and  indol  were  present  in  the  stools  and  so  called  '  intoxication  symptoms, '  as  head- 
aches, neuralgia,  and  exhaustion  were  observed.  The  blood  showed  slight  anemia,  with 
increase  in  eosinophils  and  degenerated  leucocytes." 

Lynch,  of  Charleston,  S.  C,  has  reported  a  case  of  trichomoniasis  of 
the  intestine  and  has  inoculated  rabbits  with  the  organism.  He  states 
his  conclusions  as  follows: 

"(1)  Trichomonas  is  a  definitely  pathogenic  microorganism.  (2)  The  intestinal 
form  produces  a  mild  enteritis  manifested  by  an  intemiittent  diarrhea.  (3)  Infection 
by  this  organism  may  occur  by  mouth  or  by  rectum,  more  naturally  by  mouth,  from  ac- 
tive forms  in  rabbits,  but  probably  from  encysted  cells  in  human  beings.  (4)  The 
duration  of  the  infeetivity  of  water  containing  either  active  trichomonads  or  the  en- 
cysted is  probably  not  long.  (5)  Tlie  form  of  the  cell  may  be  so  altered  by  environ- 
ment as  to  render  immediate  recognition  difficult.  (6)  This  organism  is  capable  of 
artificial  cultivation,  this  having  been  accomplished.  (7)  It  multiplies  by  direct  cell 
division,  this  with  the  transformation  into  encysted  form  which  may  again  become 
active,  constituting  the  life-cycle  of  the  organism.  (8)  Eabbits  are  susceptible  to 
experimental  infection  by  trichomonas." 

The  fact  that  Lynch  reports  an  encysted  form  of  this  parasite  while 
all  other  investigators  have  failed  to  find  cysts,  renders  confirmation 
of  his  statements  desirable. 

Lamblia  intestinalis  is  of  common  occurrence  in  the  human  intestine 
and  it  differs  from  other  protozoa,  whose  habitat  is  the  same  region,  in 
the  fact  that  it  lives  and  grows  most  abundantly  in  the  upper  part  of 
the  small  intestine.  It  has  the  shape  of  a  split  pear,  with  a  flat  surface 
on  which  there  is  a  sucking  disc,  and  a  convex  surface.  The  tapering  end 
or  the  tail  terminates  in  two  flagella.  There  are  three  pairs  of  flagella 
located  on  the  surface  of  the  parasite.  All  of  these  originate  in  a  rod- 
like structure  occupying  a  central  position  in  the  animal.     This  proto- 
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zoan  moves  rapidly,  with  the  swaying  motion,  reminding  one  of  a  flat 
fish  in  a  tank  of  water.  Tlie  lamblia  varies  in  length  from  12  to  18 
microns,  and  on  account  of  its  characteristic  shape  there  is  no  trouble 
in  recognizing  it  in  the  stools.  The  vegetative  form  when  cast  out  in  the 
stools  soon  dies  and  the  continuance  of  the  life  of  the  animal  depends 
upon  encystation,  which  occurs  in  the  intestine.  When  the  cysts  are 
swallowed  the,y  resist  the  gastric  juice,  pass  into  the  small  intestine 
where  the  cyst  wall  is  dissolved  and  multiplication  of  the  parasite  takes 
place.  The  cysts  are  often  found  in  very  large  numbers,  together  with 
free  living  flagellates,  in  the  stools  of  infected  persons.  The  cysts  are 
quite  characteristic  and  under  a  ^2  inch  oil  immersion  shoAv  from  two 
to  four  nuclei.  In  regard  to  infection  with  this  organism  Wenyon  saj^s: 
"Lamblia  intestinalis  is  a  very  persistent  flagellate.  I  have  had  under  observation 
two  or  three  persons  who  have  maintained  their  infection  for  years.  One  of  these  has 
an  enormous  infection  and  sometimes  passes  cysts  in  such  numbers  that  as  many  as  a 
dozen  or  more  can  be  seen  in  a  fleld  of  the  1/12  inch  objective.  Many  attempts  have 
been  made  to  get  rid  of  this  infection  without  result,  but  during  the  whole  of  this  time 
there  have  been  no  signs  of  intestinal  derangement.  In  other  cases  there  occur  at  inter- 
vals attacks  of  diarrhea  with  the  passage  of  mucus  in  which  lamblia  are  to  be  found 
in  enormous  numbers,  so  much  so  that  the  whole  microscopic  field  is  packed  Avith  them. 
After  recovery  from  such  an  attack  the  stools  become  normal  again  and  only  encysted 
forms  are  to  be  found.  The  occurrence  of  repeated  attacks  of  tliis  nature  with  a  cer- 
tain degree  of  abdominal  uneasiness  preceding  the  attacks  and  the  passage  of  such 
extraordinary  numbers  of  flagellates  especially  in  the  mucus,  leads  me  to  suspect  that 
sometimes,  at  any  rate,  Lamblia  intestinalis  may  jDroduce  sufficient  irritation  of  the 
small  intestine  to  justify  us  in  regarding  it  as  pathogenic.  The  invasion  of  the  glands 
of  the  small  intestine  as  seen  in  the  rabbit  is  suggestive  of  such  a  pathogenic  role. ' ' 

In  a  study  of  136  consecutive  cases  of  dysentery  invalided  to  England 
from  the  Gallipoli  battle  fields,  Kennedy  and  Rosewarne  found  12  whose 
condition  was  dependent  upon  infection  with  Lamblia  intestinalis.  These 
authors  say: 

"The  pathogenicity  of  Lamblia  intestinalis  is  a  question  which  is  still  not  beyond 
the  regions  of  doubt,  hence  it  is  only  by  the  detailed  study  of  series  of  cases  like  the 
present  that  the  matter  can  be  finally  settled  one  way  or  the  other.  Within  recent 
years  several  observers  have  recorded  cases  apparently  of  lamblia  infection  giving  rise 
to  a  chronic  dysenteric  condition  which  resisted  all  the  usual  methods  of  treatment. 
Wenyon  has  had  under  observation  two  or  three  persons  who  have  mai^itained  their  in- 
fection for  years.  Some  showed  repeated  attacks  of  diarrhea  with  passage  of  mueus, 
and  one  case,  although  passing  lamblia  in  large  numbers,  showed  no  signs  of  intestinal 
derangement.  The  persistence  of  the  infection  is  well  illustrated  in  our  series.  «  *  * 
The  length  of  time  during  which  encysted  forms  of  Lamblia  intestinalis  were  excreted 
is  a  very  important  point,  for  if  the  organism  be  pathogenic,  then  the  question  of 
dealing  with  carriers  Avill  naturally  come  up  for  solution.  That  they  are  by  no  means 
uncommon  is  shown  by  the  frequency  in  our  series — 12  cases  out  of  a  consecutive  series 
of  136  so-called  dysenteries,  which  is  approximately  nine  j)er  cent.  Stitt  recognizes  the 
prevalence  of  this  infection  in  the  tropics,  and  holds  that  it  is  only  less  imjjortant  than 
that  of  amoebic  dysentery." 
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111  another  series  of  1,305  patients  with  dysentery  invalided  home  from 

Gallipoli,  Fantham  and  Porter  found  187  cases  of  pure  lambliasis.    These 

investigators   made  numerous   animal   experimentations   and  state   their 

conclusions  as  follows : 

"  (1)  Lamblia  intestinalis  is  pathogenic  to  man  and  is  capable  of  producing  diarrhea, 
which  may  be  persistent  or  recurrent.  (2)  The*  virulence  of  the  parasite  varies,  and 
lambliasis  occurs  in  tropical  and  nontropical  countries.  The  lamblia  cysts  can  remain 
infective  for  some  time.  (3)  Lambliasis  occurs  in  rodents,  especially  rats  and  mice, 
and  can  be  of  human  origin.  Tlie  influence  of  rats  and  mice  in  the  spread  of  lambliasis 
has  been  noted  recently  by  Noc  and  by  Mathis.  Lambliasis  may  also  be  produced  in 
cats.  Ijambliasis  may  be  conveyed  to  man  from  these  mammals.  (4)  As  a  result, 
rodents  may  be  reservoirs  of  lambliasis,  and  on  the  Western  Front  this  should  be  re- 
membered, as  we  have  already  published. ' ' 

Haughwout  has  reviewed  the  literature  of  the  pathogenicity  of  the 
flagellate  and  ciliate  protozoa  and  has  indulged  in  some  theorizing  con- 
cerning the  problems  involved,  but  has  made  no  important  contribution 
in  the  matter. 

In  1902  Stiles  exhibited  to  the  Medical  Society  of  Washington,  D.  C, 
a  guinea  pig  which  had  been  infected  with  lamblia  obtained,  according 
to  Stiles,  from  the  first  case  of  the  presence  of  this  parasite  in  man  diag- 
nosed in  the  United  States.  The  parasite  was  obtained  from  the  stools 
of  a  child  sick  in  Baltimore  and  the  encysted  specimens  were  fed  to  the 
animal.  In  presenting  this  ease  Stiles  stated  that  he  was  not  sure  of  the 
pathogenicity  of  the  organism,  but  he  thought  it  possible  that  heavy 
infections  were  not  without  harm, 

Tetramitus  mesnili  was  discovered  by  Wenyon  in  the  routine  exam- 
ination of  a  man  who.  had  arrived  in  London  from  the  Bahamas.  This 
man  had  no  intestinal  symptoms  and  in  this  case  the  parasite  is  not  sup- 
posed to  have  had  anything  to  do  with  the  disease  from  which  the  pa- 
tient was  suffering  and  which  was  confined  to  the  chest.  Since  that 
time  Tetramitus  mesnili  has  been  found  to  be  widely  distributed  in 
tropical  and  subtropical  countries  and  many  small  epidemics  of  diarrhea 
have  been  attributed  to  this  flagellate.  In  general  shape,  size,  and  in  the 
presence  of  three  anterior  flagella  it  resembles  Trichomonas  intestinalis, 
but  it  has  no  undulating  membrane  and  encysted  forms  are  usually 
abundant  in  the  stools.  The  vegetative  form,  unlike  that  of  trichomonas, 
is  very  short-lived  and  encystation  seems  to  be  essential  to  prolonged 
extracorporeal  existence. 

Rhamy  and  Metts  state  that  during  the  past  17  years  they  have  been 
observing  occasional  cases  of  acute  or  chronic  diarrhea  in  which  flagel- 
lates appear  to  be  the  only  parasites  present  in  the  stools.     They  say: 

"These  parasites  live  best  in  neutral  or  slightly  alkaline  mediums,  and  for  this 
reason  any  tissue  of  low  vitality  may  harbor  them.     As  their  mode  of  entrance  is  by 
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the  mouth,  however,  the  gastrointestinal  tract  is  their  usual  habitat.  The  fact  that 
they  have  been  found  elsewhere,  in  our  opinion  does  not  argue  against  their  capacity 
for  assuming  primary  pathogenic  roles  in  the  bowel,  and  to  support  this  view  we  present 
some  selected  cases  of  dysenteric  diarrhea  in  which  the  sole  cause,  so  far  as  could  be 
found,  was  the  flagellate  protozoa,  and  in  which  most  of  the  patients  'recovered  under 
the  recognized  treatment  for  parasitic  dysentery.  Whatever  their  conclusions  regard- 
ing the  pathogenicity  of  these  parasites,  most  observers  give  practically  the  same  clin- 
ical history:  The  drinking  of  impure  water  followed  in  a  few  days  by  diarrhea  with 
colicky  pains,  watery  or  slimy  blood  stained  stools,  weakness,  dyspnea,  loss  of  weight 
and  progressive  anemia  simulating  pernicious  anemia.  The  skin  becomes  yellow,  with  a 
tendency  to  urticarial  or  pellagi'oid  eruptions.  Tlie  stools  contain  much  mucus,  pus, 
blood  and  active  trichomonads.  The  blood  shows  a  moderate  eosinophilia,  from  six 
to  twelve  per  cent.  The  large  bowel  shows  superficial  ulcers,  the  mucous  membrane 
presenting  a  moth  eaten  appearance  with  here  and  there  a  diphtheritic  exudate.  Death 
may  ensue,  necropsy  showing  a  cloudy  svrelling  or  fatty  degeneration  of  heart,  liver 
and  kidneys. ' ' 

Coccidlosis 

Discussion. — Coccidiosis  is  a  disease  very  frequent  among  the  lower 
animals.  In  poultry  it  causes  a  severe  diarrhea  which  often  terminates 
fatally  and  the  disease  spreads  through  these  animals  with  epidemic 
violence  causing  great  loss.  The  special  species  of  coccidia  known  to 
infect  birds  is  designated  as  Eimeria  avium.  This  parasite  is  eliminated 
with  the  feces  partly  in  encysted  form,  and  these  cj'sts  Avhen  taken  into 
the  alimentary  canal  of  other  animals  withstand  the  action  of  the  gastric 
juice  but  are  dissolved  in  the  intestinal  juices  and  cause  the  infection. 
Every  one  who  has  made  autopsies  on  rabbits  is  well  acquainted  with 
the  whitish  nodules  so  frequently  found  in  the  livers  of  these  animals. 
These  nodules  consist  of  coccidia,  some  of  which  are  encysted  while 
others  are  in  the  free  state.  Coccidia  are  divided  into  many  different 
genera  and  species,  the  differentiation  being  for  the  most  part  founded 
upon  the  number  of  spores  and  the  number  of  sporozoites  which  develop 
from  the  cyst. 

Coccidiosis  is  apparently  a  very  rare  infection  in  man,  although  in 
some  localities  this  does  not  seem  to  be  true.  During  the  World  War, 
Castellani  and  others  found  coccidiosis,  comparatively  speaking,  a  com- 
mon disease  in  the  Balkans.  The  same  observer  saAv  six  cases  in  Mace- 
donia, in  two  of  which  there  was  diarrhea  while  the  others  did  not  show 
any  intestinal  symptom.  Richards  reported  14  cases  from  the  Forty- 
Third  General  Hospital  at  Salonika.  Savage  and  Young  found  six 
eases  of  coccidial  infection,  but  in  these  this  parasite  seems  secondary 
to  the  amoebae.  In  1,305  British  soldiers  from  Flanders  and  Gallipoli, 
Fantham  found  four  cases  with  coccidia  in  the  stools.  It  is  believed  by 
some  that  eating  infected  livers  of  rabbits  may  cause  coccidial  infection 
in  man. 
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U.  S.  Mortality  Statistics  of  Diarrhea  and  Dysentery. — In  the  mortal- 
ity reports  of  this  country  one  will  find  many  deaths  charged  each  year 
to  dysentery  and  to  diarrhea.  Thus  in  the  registration  area  in  1919  there 
are  records  of  3,732  of  the  former  and  47,044  of  the  latter.  Most  diarrhea 
deaths  occur  under  two  years  of  age,  37,635  of  the  above  number  being 
under,  and  9,409  over  two.  There  is  some  question  as  to  the  accuracy  of 
these  causes.  True  amoebic  and  bacillary  dysentery  are  relatively  rare 
in  this  country.  Dublin,  from  his  experience  in  the  Metropolitan  Life 
Insurance  Company,  states  a  prevailing  belief  that  a  large  proportion  of 
the  ''dysentery"  (so  reported)  is  realh^  enteritis  or  gastroenteritis. 
About  one-third  of  the  total  dysentery  deaths  are  in  children  under  two 
years  of  age  and  these  are  most  probably  diarrhea  rather  than  dysentery. 
The  death  rates  charged  to  dysentery  in  the  U.  S.  Registration  Area  from 
1900  to  1919  are  shown  in  Table  XXI. 
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Whether  this  decline  is  significant  or  M^hether  it  is  due  to  a  change 
in  diagnosis  or  classification  is  not  entirely  clear.  The  relative  reduc- 
tions in  the  three  alimentary  infections — typhoid,  dysentery  and  diar- 
rhea— are  shown  in  Table  XXII. 
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Typhoid  fever  in  1919  is  26  per  cent  of  what  it  was  in  1900,  dysentery 
39  per  cent  and  diarrhea  42  per  cent.  Whatever  the  cause  of  the  latter 
two,  it  is  evident  that  the  improvement  in  water  and  milk  supplies  and 
in  sanitation  generally  has  effected  a  more  marked  reduction  in  typhoid 
than  in  the  other  two. 
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Deaths  from  dysentery  have  always  been  reported  in  greater  num- 
bers from  the  rural  districts  than  from  the  cities  (over  8000  population 
up  to  1909,  over  10,000  since).  Thus  in  1900  the  rate  for  cities  in  the 
registration  states  was  9.4,  for  rural  districts  15.1.  In  1905  the  respec- 
tive rates  were  6.4  and  10.8,  in  1909,  4.1  and  7.6,  in  1917,  2.3  and  9.2. 
The  increase  of  the  rural  rate  in  1917  is  due  to  the  addition  of  southern 
states  to  the  Registration  Area,  where  the  rates  are  much  higher.  Geo- 
graphical differences  in  rates  in  1917  are  illustrated  by  the  figures  in 
Table  XXIII. 
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In  the  reduction  of  dysentery  deaths  the  cities  have  outdistanced  the 
rural  communities.  For  every  100  deaths  in  Indiana  rural  districts  in 
1900  there  were  71  in  the  cities.  In  1917  for  every  100  in  Indiana  rural 
districts  there  were  59  in  the  cities.  The  same  is  true  in  Massachusetts, 
New  Jersey  and  New  York.  There  is  no  appreciable  change  in  the 
urban-rural  ratio  in  either  Connecticut  or  Michigan. 

Dysentery  deaths  are  more  frequent  among  the  colored  than  among 
the  white,  the  only  exceptions  being  in  the  rural  districts  of  Kentucky 
and  the  cities  of  Virginia. 
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With  regard  to  the  deaths  credited  to  diarrhea  and  enteritis  we  will 
find  the  records  of  the  Metropolitan  Life  Insurance  Company,  Indus- 
trial Department,  of  special  interest.  These  figures  do  not  include  chil- 
dren under  one  year  as  this  age  group  is  not  insured.  From  1911  to  1916, 
14,173  deaths  were  charged  to  this  cause.  This  accounted  for  2.2  per 
cent  of  the  entire  mortality  and  represented  a  death  rate  of  26.3  per 
100,000     The  deatli  rates  by  age  groups  are  shown  in  Table  XXV. 
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Table    XXV 

AGE  KATE                                    ~ 

1  to     4  208.7 

5  to     9  8.8 

10  to  14  2.4 

15  to  19  ■                                                         1.9 

20  to  24  2.8 

25  to  34  4.5 

35  to  44  7.7 

45  to  54  10.9 

55  to  64  28.2 

65  to  74  80.3 

75  aud  over  182.5 


Diarrhea  is  most  prevalent  at  the  extremes  of  life,  under  5  and  over 
74.  The  lowest  rate  is  at  age  group  15  to  19.  By  referring  to  the  chap- 
ter on  typhoid  it  will  be  seen  that  the  age  distribution  of  these  two 
causes  is  altogether  different,  the  high  rates  for  typhoid  occurring 
among  young  adults.  The  age  grouping  of  dysentery  deaths  is  quite 
similar  to  diarrhea,  the  high  rates  occurring  at  the  extremes   of  life. 

.     Table    XXVI 
Deaths  from  Dysentery 
U.  S.  Registration    States — 1915 

AGE  deaths  rate    PER    100,000 

7.1 
0.27 
■  0.41 
0.63 
1.03 
2.64 
8.37 
41.0 

During  the  World  War  our  troops  were  relatively  free  from  dysentery. 
From  October,  1917,  to  August,  1918,  the  admission  rates  from  this 
cause  Avere  usually  less  than  1  per  1000,  both  in  this  country  and  abroad. 
The  rate  remained  about  the  same  for  the  balance  of  the  year  among 
the  troops  on  this  side,  but  in  the  Expeditionary  Force  they  rose  to  3, 
4,  5  and  even  7.9  for  certain  periods  during  the  late  autumn.  Dysentery 
was  about  3  times  as  prevalent  as  typhoid  among  the  troops  in  this 
country  during  the  summer  of  1918  and  about  tAvice  as  prevalent  as 
typhoid  in  the  last  four  months  of  1918. 

For  the  entire  year  1918  there  were  3573  admissions  for  dysentery 
among  a  mean  army  strength  of  over  tAvo  and  a  half  million  men. 
About  three-fourths  of  these  admissions  occurred  in  the  expeditionary 
force.  The  admissions  classified  by  type  of  disease  and  location  of 
troops  is  shoAvn  in  Table  XXVII. 
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Table   XXVII 
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The  largest  group  of  dj^sentery  cases  was  unclassified.  The  entamoe- 
bie type  was  next  in  frequency  and,  considering  the  number  of  men  ex- 
posed, this  was  most  prevalent  in  the  Philippines.  Bacillary  dysentery 
was  most  common  in  the  European  forces. 

Among  the  3573  eases  during  the  entire  year  1918  there  were  53  deaths, 
8  from  bacillary  dysentery,  11  entamoebie,  3.  other  protozoa,  31  un- 
classified. The  case  fatality  in  the  entire  group  was  1.5  per  cent,  bacil- 
lary 2.5  per  cent,  entamoebie  2.6  per  cent,  other  protozoa  10  per  cent, 
unclassified  1.1  per  cent. 
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CHAPTER  XIV 

SPRUE 

Stomatitis  Intertropical   Diarrhea  Alba;  Psilosis 

Description, — Sprue  is  a  chronic,  insidious,  slowly  progressive,  grave 
disease  of  the  submucosa  of  the  alimentary  tract.  It  usually  begins 
with  sore  mouth,  indigestion,  and  morning  diarrhea,  with  abundant 
frothy  discharges.  The  symptoms  are  at  first  intermittent,  evanescent, 
and  awaken  but  little  concern  on  the  part  of  the  infected  person.  It 
is  quite  evident  that  the  primary  lesions  are  in  the  submucosa,  indi- 
cating infection  through  the  blood  suppl}^  In  the  submucosa  there  is 
congestion,  with  thrombosis  of  the  vessels  and  consequent  exudation 
accompanied  by  round-celled  infiltration.  As  a  consequence  of  these 
alterations  in  the  deeper  tissue,  the  mucosa  undergoes  necrotic  changes 
with  the  formation  of  numerous  small  ulcers.  These  changes  may  begin 
in  any  part  of  the  alimentary  canal,  though  in  most  instances  they  are 
at  first  most  marked  in  the  mucous  membrane  of  the  mouth.  In  ad- 
vanced cases  the  greater  part  of  the  alimentary  canal  may  be  more  or 
less  involved.  The  dorsum  of  the  tongue,  the  inside  of  the  cheeks, 
the  esophagus  and  the  stomach,  as  well  as  both  small  and  large  intes- 
tines, suffer  from  the  congestion  and  ulceration.  This  condition  inter- 
rupts normal  digestion  and,  in  fact,  renders  the  taking  of  any  kind  of 
food  painful  and  its  proper  digestion  and  absorption  impossible.  The 
tongue  shoAvs  a  whitish  fur  with  projecting  fungoid  papillae.  Its  tip 
and  edges  are  highly  inflamed  and  present  multiple  patches  studded 
with  small  A^esicles  and  ulcers.  The  oral  cavity  is  sometimes  filled 
with  a  tenacious  mucus  which  clings  to  the  fauces  and  posterior  wall  of 
the  pharynx.  Attempts  to  remove  this  secretion  lead  to  nausea  and  in 
some  instances  to  vomiting ;  in  short,  there  is  a  rawness  of  the  alimen- 
tary canal  which,  although  varying  in  degree  in  different  parts,  may 
affect  this  tube  from  end  to  end.  Naturally,  it  is  impossible 'for  one 
in  this  condition  to  maintain  his  weight.  Slowly  the  body  is  emaciated, 
the  skin  hangs  loosely  in  folds,  and  there  may  be  marked  edema,  espe- 
cially about  the  ankles.  Usually  there  is  great  discomfort  in  the  stomach 
and  intestines  in  the  early  morning,  which  is  partially  relieved  for  the 
rest  of  the  day  by  one  or  more  copious  discharges  of  highly  offensive, 
frothy  feces.  The  condition  of  tlie  patient  necessitates  the  discontin- 
uance of  every  activity,  rest  in  bed,  and  confinement  to  some  simple 
diet,  milk  or  milk  and  fruit  being  generally  employed.     The  causative 
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agent  has  not  been  determined;  although  at  present  the  weight  of  evi- 
dence indicates  that  a  yeast,  Monilia  psilosis,  is  a  factor,  possibly  pri- 
mary, more  probably  secondary,  in  the  production  of  the  lesions. 

Manson,  whose  studies  have  contributed  much  to  our  knowledge  of 
this  disease,  writes  as  folloAvs: 

"By  the  term  'sprue'  is  understood  a  peculiar  and  very  dangerous  form  of  chronic 
catarrhal  inflammation  of  the  whole  or  part  of  the  mucous  membrane  of  the  alimentary 
canal,  generally  associated  Avith  disturbance  of  the  chologeuic  function  of  the  liver, 
and  probably,  of  the  functions  of  other  glandular  organs  subserving  digestion.  Al- 
though a  disease  of  warm  climates  it  may  develop  for  the  first  time  in  temperate 
climates;  only,  however,  in  individuals  who  have  previously  resided  in  the  tropics  or 
subtropics. 

"Sprue  is  characterized  by  irregular  alternating  periods  of  exacerbation  and  of 
comparative  quiescence;  by  an  inflamed,  bare,  and  eroded  condition  of  the  mucous  mem- 
brane of  the  tongue  and  mouth;  by  flatulent  dyspepsia;  by  pale  phenomenally  copious 
and  generally  loose,  frothy,  fermenting  stools.  By  wasting  and  anemia;  and  by  a 
tendency  to  relapse.  It  may  occur  as  a  primary  disease,  or  it  may  supervene  on  other 
affections  of  the  bowels.  It  is  very  slow  in  its  progress;  and,  unless  properly  treated, 
tends  to  terminate  in  atrophy  of  the  intestinal  mucosa,  which  usually,  sooner  or  later, 
proves  fatal. ' ' 

This  disease  is  most  prevalent  among  whites  who  are  living  in  tropical 
or  subtropical  countries,  although  natives  are  not  wholly  free  from  it. 
It  is  generally  believed  that  when  the  first  evidence  of  the  disease  ap- 
pears in  one  who  has  come  to  the  tropics,  return  to  his  home  is  quite 
essential  to  recovery. 

At  autopsy  the  essential  lesions  are  confined  to  the  alimentary  canal, 
and  in  some  instances  the  mucosa  of  the  small  intestine  is  found  to  be 
almost  entirely  destroyed.  Atrophy  of  the  liver  is  quite  common  and  a 
like  condition  may  be  found  in  the  spleen  and  pancreas.  Histologically, 
however,  these  organs  are  not  uniformly  involved. 

History. — The  first  description  of  the  disease  now  known  as  sprue 
appears  in  a  unique  volume,  entitled,  "Observations  on  the  Changes 
of  the  Air  and  Their  Concomitant  Epidemical  Diseases  in  the  Island  of 
Barbados,"  by  William  Hillar^y.  The  first  edition  of  this  book  was 
published  in  1752.  We  have  before  us  the  second  edition  bearing  the 
date  of  1766,  from  which  we  make  the  following  quotation: 

' '  Having  treated  on  such  acute  diseases  in  the  preceding  part,  as  are  either  peculiar 
to  or  eudemical  in  the  West  India  Islands,  and  such  countries  as  are  situated  within 
the  torrid  zone,  and  are  not  so  frequently  seen  in  most  parts  of  Europe ;  I  shall  here 
speak  of  such  chronical  diseases  as  are  either  indigenous  or  endemical,  in  the  same 
warm  countries,  and  are  unknown  and  never  seen  but  in  the  hot  climates,  except 
when  they  are  carried  by  the  sick  into  the  colder  countries. 

"And  I  shall  begin  with  the  description  of  a  disease,  which  I  think  I  may  safely 
say  is  new  and  has  never  yet  been  described  by  any  avithor,  neither  ancient  nor  modern, 
not  even  by  any  of  the  Arabian  physicians ;  most  of  whom  lived  and  practiced  in  the 
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hot  countries  of  Persia,  Syria,  Arabia,  and  Egypt;  but  of  late  years  is  become  en- 
demical  and  frequent  in  Barbados,  and  the  other  West  India  Islands. 

"From  the  best  accounts  that  I  can  obtain,  this  malady  has  been  some  chance  time 
seen  in  this  Island,  near  these  30  years,  though  but  very  seldom;  and  after  I  came  there 
in  1747,  I  did  but  see  one  person  who  had  it,  in  the  first  four  years  of  my  residing 
there;  and  three  more  in  the  next  three  years;  but  within  the  four  last  years  past, 
it  has  become  so  frequent,  that  I  have  seen  some  scores  of  patients  laboring  under  it, 
yet  it  seems  not  to  be  in  the  least  infectious  or  contagious. 

"The  patient  who  labors  under  this  disease  usually  first  complains  of  an  uneasy 
sensation,  or  slight  burning  heat  about  the  cardia,  or  upper  mouth  of  the  stomach ;  which 
comes  slowly  on,  and  gradually  increases,  and  rises  up  the  esophagus  into  the  mouth, 
without  any  fever,  or  the  least  feverish  heat,  or  much  pain  attending  it;  most  com- 
monly without  any  observable  intemperance  or  irregularity  in  living,  or  without  any 
surfeit,  taking  cold,  or  any  sort  of  fever  or  other  disorder,  which  it  can  be  attributed 
to,  preceding  it,  or  any  manifest  or  immediate  cause,  to  which  it  can  be  ascribed. 

"Soon  after  this  burning  heat,  little  small  pustulae,  or  pimples  filled  with  a  clear 
acrid  lymph,  no  bigger  than  a  pin's  head  begin  to  rise;  generally  first  on  the  end 
and  sides  of  the  tongue,  which  gradually  increase  in  number,  not  in  magnitude,  and 
slowly  spread  under  the  tongue,  and  sometimes  to  the  palate  and  roof  of  the 
mouth,  and  the  inside  of  the  lips;  and  soon  after  the  thin  skin  which  covers  those 
pustulae,  slips  off,  and  the  tongue  looks  red,  and  a  little  inflamed,  though  not 
swelled,  yet  is  almost  raw  like  a  piece  of  raw  flesh,  and  is  so  tender  and  sore, 
that  the  patient  can  eat  no  food  but  what  is  soft  and  smooth,  nor  drink  anything 
that  is  vinous,  spirituous,  or  the  least  pungent,  without  acute  pain;  so  that  some  suffer 
much  from  the  want  of  proper  food.  In  some,  ptyalisme  comes  on,  and  continues  a 
long  time,  which  is  so  far  from  being  of  any  service,  or  giving  any  relief  to  the 
patient,  that  on  the  contrary  it  drains  and  exhausts  the  fluids  of  the  body  and  greatly 
wastes  and  sinks  them. 

"In  this  state  they  continue  several  days,  or  weeks,  and  sometimes  for  months, 
sometimes  a  little  better,  then  worse  again;  and  after  a  considerable  time,  sometimes 
longer,  and  sometimes  shorter,  the  pustulae  will  disappear  and  the  mouth  grow  well, 
without  any  medicines  or  applications,  or  any  manifest  cause,  and  continue  so  for 
several  days  or  weeks;  but  soon  after  this,  the  patient  finds  a  burning  heat  in  the 
esophagus  and  stomach,  attended  with  ructuses  and  sometimes  vomitings,  by  which 
a  clear  acrid  lymph,  or  waterish  phlegm,  which  is  very  hot,  and  most  commonly  very 
acid,  is  brought  up;  though  in  some  few  it  is  not  so  acid;  this  generally  continues  but 
a  little  time  before  a  diarrhea  comes  on,  and  continues  a  longer  or  shorter  time  in 
different  patients^  and  sometimes  for  a  longer  or  shorter  time  in  the  same  person,  and 
in  some  it  continues  for  many  weeks;  and  in  all  it  greatly  wastes  their  flesh  and 
strength,  and  sinks  their  spirits  very  much.  The  diarrhea  after  continuing  a  longer 
or  shorter  time,  sometimes  stops  without  taking  any  medicines,  or  doing  anything  to 
stay  it,  and  the  patient  thinks  himself  better  for  a  short  time,  and  sometimes  for  a 
longer  time;  but  in  general  the  acrid  humor  soon  returns  to  the  mouth  again,  with  all 
the  same  symjitoms,  but  somewhat  increased  or  aggravated;  and  after  some  stay 
there  it  removes  fi-om  thence  to  the  stomach  and  bowels  again;  and  thus  a  metastasis 
of  the  humor  from  the  mouth  to  the  bowels  and  vice  versa,  is  frequently,  and  some- 
times suddenly  made,  without  any  manifest  or  perceptible  cause.  Some  chance  time, 
though  but  seldom  after  the  disease  has  continued  a  long  time,  it  affects  all  the 
primae  viae  from  the  lips  to  the  anus  at  the  same  time,  and  excoriates  the  last;  and  I 
have  observed  in  one  or  two  cases  where  the  pustulae  appeared  about  the  genital  parts 
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as  we  sometimes  find  the  aphthae  do,  as  Hippocrates  obsen^es;  and  in  one  or  two  cases 
I  observed  it  to  break  out  like  an  impetigo,  about  the  mouth. 

''The  patients  are  all  along  without  any  fever  or  feverish  heat,  and  their  pulse 
is  all  this  time  rather  smaller,  lower,  slower,  and  more  languid  than  it  was  when  they 
were  in  full  health;  and  their  body  and  countenance  rather  paler  and  somewhat  colder, 
especially  in  the  extreme  parts,  than  when  they  were  well ;  no  thirst,  except  what  the 
diarrhea  causes,  when  it  continues  long,  and  that  generally  moderate.  The  patient's 
skin  is  generally  dry,  all  the  time  of  the  disease,  and  he  perspires  very  little. 

"The  frequent  metastases  which  this  acrid  humor  makes  from  the  mouth  to  the 
stomach  and  bowels,  and  from  those  to  the  mouth  again,  greatly  emaciate,  weaken 
and  consume  the  patient.  For  when  it  is  in  the  mouth,  both  it  and  the  tongue  are 
so  excoriated,  raw,  tender  and  sore,  that  they  can  take  no  nourishment,  but  such  as 
is  very  soft,  smooth  and  mild,  and  in  a  liquid  form,  without  giving  them  exquisite  pain : 
and  when  it  is  in  the  stomach,  it  gives  a  painful  burning  sensation,  and  a  frequent 
gulping  up,  or  vomiting  a  little  clear,  acrid,  acid  liquor  and  their  food  also;  so  that 
the  stomach  can  retain  and  digest  nothing  but  what  is  very  soft,  smooth  and  light, 
and  sometimes  not  even  that.  And  when  the  humor  falls  upon  the  intestines,  it  pro- 
duces a  diarrhea  with  a  sense  of  heat,  and  sometimes  a  griping  (tho  the  last  not 
often)  and  sometimes  with  hot  stools  and  a  tenesmus;  so  that  most  of  the  nutritious 
juices  run  off  that  way  which  greatly  wastes  and  sinks  the  patient.  These  circumstances 
continuing,  and  the  disease  frequently  changing  from  place  to  place  almost  continually 
deprives  the  sick  of  their  proper  nourishment,  whence  a  true  atrophy  is  produced, 
which  at  the  last,  either  sinks  the  patient,  or  brings  on  a  marasmus,  which  soon  ends 
in  death. 

''This  is  a  true  and  I  think  an  exact  description  of  this  disease,  and  its  symptoms, 
which  too  often  seizes  several  of  the  inhabitants  of  Barbados,  and  I  believe  of  the 
other  West  India  Islands  also,  and  has  been  too  often  fatal  to  several  of  them. 

' '  Tlie  nature,  symptoms,  and  appearance  of  this  disease,  are  considerably  different 
from  those  of  the  true  aphthae,  either  of  the  ancients  or  moderns.  The  true  aphthae 
generally  are,  either  attended  with  a  fever,  or  immediately  follow  a  putrid  fever,  an 
irregular  intermitting  fever,  a  dysentery,  a  diarrhea  febrilis,  or  some  other  fever:  this 
comes  on  gradually,  slowly,  and  almost  imperceptibly,  and  always  without  any  fever, 
either  preceding  or  accompanying  it.  The  aphthae  are  much  larger  pustules,  and  either 
suppurate  and  fill  with  a  concocted  matter  and  form  little  ulcusculae,  or  turn  black 
and  gangrenesce:  these  are  much  smaller,  and  fill  with  a  clear  acrid  lymjjh,  or  ichor, 
and.  then  excoriate  the  parts;  but  rarely  or  never  fill  with  matter,  except  here  and 
there  a  chance  pustula  when  the  disease  has  continued  long;  but  never  form  ulcusculae, 
nor  gangTenesce.  These  usually  seize  people  advanced  in  years,  rarely  youths,  alid 
never  children:  the  aphthae  most  frequently  seize  children,  rarely  youths,  and  some- 
times people  in  years,  but  most  commonly  either  with,  or  immediately  after  they  had  a 
fever;  this  is  never  with  a  fever,  but  on  the  contrary,  they  generally  have  a  small,  low, 
and  languid  pulse,  and  are  usually  colder  than  in  health.  The  aphthae  are  but  of  a 
short  duration,  and  is  an  acute  disease,  and  usually  either  kills  the  patient  or  they 
recover  in  two  or  three  weeks'  time,  or  less;  but  this  disease  continues  with  short  in- 
tervals of  being  a  little  better,  then  worse  again,  for  several  years,  before  it  puts 
an  end  to  life;  I  am  informed  that  it  has  continued  for  eight  or  nine  years  in  some 
patients  before  it  was  fatal;  though  it  has  been  so  to  some  others  in  less  than  a  year, 
when  they  had  lived  too  freely,  or  did  not  seek  for  j)roper  assistance. 

"It  also  differs  considerably,  and  in  many  respects,  fi-om  an  erysipelas,  or  an 
mjsipelatoides ;  and  also  a  little  in   some  respects  from  an  impetigo,  though  it  is  in 
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some   respects   most   like   that,   and  if   it  •  was   external   would   probably   produce   scaly 
scabs  on  the  skin  after  the  pustulae  broke,  as  I  once  saw  it  about  the  mouth. 

"As  it  is  a  new  disease,  we  must  give  it  some  name;  shall  we  call  it  an  Aphthoicles 
chronica,  or  an  Impetigo  primarum  viarum?  or  what?  But  I  will  not  dispute  with  any 
about  its  name,  as  that  is  only  a  dispute  about  words;  and  if  any  person  will  give  it 
a  better  name,  I  will  readily  agree  with  him,  and  thank  him  also. ' ' 

Hillary  goes  on  to  speculate  about  the  cause  of  this  disease  and  con- 
cludes that  it  is  due  to  the  suppression  of  excretions  through  the  skin 
and  the  turning  of  these  poisonous  substances  into  the  intestinal  tract. 
He  concludes  that  this  might  result  from  sudden  chilling  of  the  sur- 
face from  cold  bathing,  Avet  clothing,  lying  on  damp  sheets,  or  from 
some  other  circumstance  which  might  interrupt  the  normal  flow  of  the 
perspiration. .  Having  arrived  at  a  satisfactory  explanation  of  the  cause, 
Hillary  directed  his  treatment  to  cleansing  out  the  alimentary  canal  and 
restoring  the  normal  action  of  the  skin.  For  the  first  purpose  he  resorted 
to  cathartics;  for  the  second  he  employed  ipecac,  and  he  placed  great 
stress  upon  the  value  of  hot  baths.  There  being  no  natural  hot  mineral 
baths  on  the  Island,  he  recommended  that  his  European  patients  return 
to  their  homes  and  enjoy  the  waters  at  Bath,  Aix-la-Chapelle,  and  like 
places.  For  those  who  could  not  well  return  to  Europe  and  for  the 
natives,  he  attempted  to  provide  artificial  mineral  waters,  but  found  these 
unsatisfactory.  He  states  that  some  of  his  patients  who  did  return  to 
Europe  and  take  the  mineral  baths  made  complete  recoveries  and  came 
back  to  the  Island  in  perfect  health,  while  among  those  who  did  not  go 
to  Europe  and  take  the  baths  the  results  were  less  satisfactory.  It  is 
more  than  probable  that  the  European  baths  did  not  give  all  the  benefits 
that  came  to  those  who  left  the  Island. 

It  appears  that  the  Avord  sprue,  or  the  Dutch  word  sprouAv,  is  used  in 
Holland  and  the  Scottish  LoAAdands  to  designate  a  frequent  disease  in 
children,  characterized  by  aphthous  patches.  As  early  as  1687,  Ten 
Ehyne,  a  Dutch  physician  in  the  East  Indies,  described  certain  lesions 
of  the  mouth,  intestines,  and  esophagus,  under  the  name  Indische  spruAV 
or  sprouAv.  English  physicians  in  the  Orient  haA^e  adopted  the  Dutch 
word  and  anglicized  it  in  the  present  form.  Thin  has  proposed  the  more 
scientific  term  psilosis,  from  the  Greek  Avord  meaning  bare  or  raw.  This 
term,  hoAvever,  is  hardly  suitable,  unless  it  be  definitely  modified,  as 
Psilosis  linguae,  A^el  mucosae  intestini ;  indeed,  this  is  the  full  name  as 
recommended  by  Thin. 

English  physicians,  TAA^ning  (1835),  Grant  (1854),  and  Cunningham 
(1877),  described  a  disease,  from  the  symptoms  of  which  it  is  clearly  in- 
dicated that  these  men  were  dealing  Avith  sprue,  but  in  no  instance  do  we 
find  in  these  AAa^itings  an  improA^ement  on  the  descriptions  giA^en  by  Hil- 
larA^     TAvining  Avrote  of  a  Avhite  flux  folloAAang  dysentery  and  charac- 
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terized  hy  abundant,  watery,  frothy  stools.  Grant  was  one  of  the  first 
to  describe  the  hill  diarrhea  of  the  Himalayan  Stations  and  he  pointed 
out  that  it  is  not  confined  to  those  exhausted  by  previous  disease  but 
often  attacks  persons  in  the  prime  of  life  and  with  a  good  health  record. 
A  few  years  later,  Moore,  in  his  work,  entitled,  ''A  Manual  of  the 
Diseases  of  India,"  claimed  that  the  hill  diarrhea  does  not  differ  from 
the  Diarrhea  alba  of  the  Indian  plains,  and  wrote  the  following  descrip- 
tion of  this  disease: 

"The  symptoms  of  Diarrhea  alba  are  usually  painless,  but  sometimes  painful,  purg- 
ing' occurring  at  first  principally  in  the  morning.  The  stools  may  at  first  be  bilious 
looking,  but  are  often  from  the  commencement,  and  always  afterwards,  light,  almost 
white  in  color.  They  are  also  copious  aud  frothy.  As  the  disease  advances,  light  stools 
are  also  passed  in  the  evening,  but  the  patient,  probably  continuing  to  feel  tolerably 
well,  takes  little  notice  of  the  commencement  of  the  malady.  The  calls  to  stool,  al- 
though generally  unattended  with  pain,  are  urgent,  but  the  feces  are  passed  without 
straining  or  faintness,  and  are  succeeded  by  a.  feeling  of  comfort.  The  most  annoying 
symptoms  are  fuUuess  and  distention  of  the  bowels  by  flatus,  and  eructations  having  the 
flavor  of  rotten  egg.  At  first  the  stools  themselves  are  not  offensive,  although  after- 
wards becoming  very  much  so.  Often  no  very  abnormal  sensation  is  felt  in  the  region 
of  the  liver,  but  sometimes  from  the  very  commencement  there  is  an  uneasy  sensation. 
When  this  is  inquired  into,  it  is  found  to  be  rather  a  feeling  of  void  than  fullness,  as 
if  the  ribs  were  about  approximating.  As  the  disease  advances,  the  appetite  at  first 
good,  becomes  the  reverse,  the  pulse  grows  more  feeble,  the  tongue  is  furred  in  the 
center,  and  faintness  may  follow  the  stools.  There  is  sometimes,  at  a  later  period, 
some  degree  of  sallowness,  and  a  bronzing,  similar  to  that  in  Addison's  disease,  has 
been  noticed.  If  the  malady  is  not  checked,  the  person  falls  into  a.  state  of  confirmed 
cachexia.  The  stools  become  more  numerous,  progressive  emaciation  takes  place,  the 
mind  becomes  weak  and  fretful,  and  fever  may  occur.  Then,  prcfliably,  the  stools  be- 
come dysenteric,  and  the  jjatient  dies  exhausted. ' ' 

Thin  is  inclined  to  question  the  identity  or  even  the  close  relationship 
of  the  white  diarrhea  of  India  with  sprue.  He  calls  attention  to  the 
fact  that  in  the  discussion  of  the  white  diarrheas  by  English  physicians 
there  is  not  enough  stress  placed  upon  the  condition  of  the  tongue  to 
justify  the  identification  of  these  diseases  with  sprue.  Furthermore,  he 
is  quite  certain  that  sprue  does  not  follow  dj'sentery,  but  is  in  practically 
all  instances  a  primary  disease.  On  the  other  hand,  Manson  states  that 
sprue  may  follow  dysentery  or  acute  enterocolitis  and  that  there  are 
cases  of  sprue  in  which  the  lesions  and  symptoms  are  confined  to  certain 
parts  of  the  alimentary  canal,  while  the  condition  of  the  mouth  is  not 
bad  enough  to  attract  special  attention.     On  this  point  he  writes : 

"When  the  disease  has  supervened  on  dysentery,  we  learn  that  the  motions  char- 
acteristic of  the  original  dysenteric  attack  had  gradually  changed  in  character;  from 
being  scanty,  mucoid,  bloody,  and  accompanied  with  pain  and  tenesmus,  they  became 
diarrheic,  pale,  frothy,  their  discharge  being  followed  by  a  feeling  of  relief  rather 
than  of  pain.      The  mouth   at   the   same  time  became   sore,   exhibiting   the   characters 
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already  described.      Gradually  a   condition   of   confirmed   sprue  was  established,  which 
ultimately,  unless  properly  treated,  will  almost  certainly  prove  fatal. 

"Another  type  of  case  commences  as  an  acute  enterocolitis  with  sudden  and  pro- 
fuse colicky  diarrhea,  vomiting  perhaps,  and  a  certain  amount  of  fever.  The  acute 
symptoms  do  not  subside  completely,  but  gradually  have  the  typical  symptoms  of 
sprue  grafted  onto  those  of  an  acute  intestinal  catarrh. 

' '  Occasionally  we  meet  with  cases  of  confirmed  sprue  in  which,  at  first,  the  morbid 
process,  judging  from  the  existing  clinical  symptoms  and  subsequent  history,  is  confined 
to  a  limited  part  of  the  alimentary  canal.  Thus  we  sometimes  get  sprue  without 
diarrhea,  the  principal  symptoms  being  sore  mouth,  dyspeptic  distention,  pale,  copious 
but   solid  stools  and  wasting. 

' '  On  the  other  hand,  we  may  get  cases  in  which  the  mouth  is  not  eroded,  and  in 
which  there  is  little  or  no  distention  or  dyspepsia,  but  in  which  the  stools  are  liquid, 
copious,  pale,  and  frothy.  Sometimes  a  patient  who  may  have  suffered  at  an  earlier 
period,  or  on  a  former  occasion  from  the  first  type  of  the  disease,  later  acquires  the 
diarrheic  form;  and  vice  versa. 

"It  sometimes  happens  that  under  treatment  the  sore  mouth,  the  dyspepsia,  and  the 
diarrhea  completely  subside;  nevertheless  the  wasting  continues,  the  stools  remaining 
phenomenally  copious — so  much  so  that  the  patient  may  declare  that  more  is  passed 
than  has  been  eaten.  In  this  ease  wasting  is  progressive,  and  the  patient  gradually 
dies  of  inanition. ' ' 

In  1880  Van  der  Burg,  a  Dutch  physician  in  Java,  published  a  prize 
essay  on  "Indische  Spruw,"  in  which  he  divides  the  course  of  this 
disease  arbitrarily  into  three  stages.  In  this  book  the  symptomatology 
of  sprue  is  given  quite  exhaustively,  but  there  is  nothing  satisfactory 
regarding  the  etiology  except  that  the  author  reaches  the  important 
conclusion  that  neither  alcohol  nor  malaria  is  concerned  in  the  causa- 
tion. He  states  fhat  it  is  much  less  frequent  in  the  natives  than  among 
Europeans;  that  the  disease  does  not  attack  new  arrivals;  that  most 
of  those  affected  have  reached  middle  age,  but  it  may  occur  at  both 
extremes  of  life;  that  females  are  more  frequently  affected  than  males, 
and  that  pregnancy  predisposes  to  the  disease. 

Since  the  time  of  Hillary  sprue  has  apparently  disappeared  from,  or 
at  least  has  become  very  rare  in,  the  West  Indies,  even  in  Barbados 
where  Hillary  studied  it.  As  we  have  already  stated,  the  Dutch  physi- 
cians in  Java  gave  this  disease  its  name  and  made  most  valuable  con- 
tributions to  its  symptomatology  and  history.  In  Ceylon,  what  is  now 
known  to  be  sprue,  has  prevailed  through  manj'^  years  under  the  desig- 
nation of  "Ceylon  sore  mouth."  Sprue  is  quite  widely  distributed 
through  China,  both  north  and  south,  and  the  earliest  cases  of  this 
disease  seen  by  American  physicians  were  whites  who  had  been  resi- 
dents of  China  for  many  years.  Some  of  the  earliest  cases  have  been 
missionaries  to  that  country.  In  the  latter  half  of  the  nineteenth  cen- 
tury the  fact  that  sprue  is  frequent  in  Java  and  through  the  East  Indian 
Islands,  in  north  Borneo,  and  in  the  Malay  Peninsula,  was  recognized 
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by  physicians  visiting  and  temporarily  located  in  these  countries.  With 
the  first  occupation  of  Cochin  China  (1861)  by  the  French  an  epidemic 
diarrhea  began  to  harass  both  the  soldiers  and  those  civilians  who 
followed  the  military  occupation.  Out  of  a  total  of  9,223'  French  soldiers 
and  sailors  in  Annam  during  the  year  1864,  there  were  3,501  cases  of 
intestinal  disease  Avith  198  fatal  results.  Of  the  deaths,  85  were  due  to 
Asiatic  cholera  and  113  to  the  prevalent  diarrhea.  For  years  there  were 
active  discussion  and  difference  of  opinion  among  French  physicians 
who  studied  the  diarrhea  of  Cochin  China.  This  discussion  was  opened 
by  Jullien  who,  in  1864,  made  a  valuable  report  founded  upon  108 
autopsies.  Jullien  appears  to  have  been  somewhat  in  doubt  Avhether 
the  diarrhea  which  he  studied  should  be  regarded  as  a  modified  dysen- 
tery or  as  a  disease  sia  generis,  although  he  was  inclined  to  the  latter 
opinion.  In  his  autopsies  he  was  struck  with  the  infrequency  of  hepatic 
abscess  and  he,  for  this  reason,  questioned  the  propriety  of  assuming 
or  concluding  that  the  disease  was  a  form  of  dysentery.  Other  French 
physicians  were  inclined  to  regard  the  Cochin  China  diarrhea  as  a 
modified  dysentery,  and  finally  it  came  to  be  known  as  "dysenteric 
diarrhea."  While  valuable  papers  came  from  French  physicians,  they 
dealt  principally  with  the  question  of  the  dysenteric  or  nondysenteric 
character  of  the  disease.  It  will  be  understood  that  this  controversy 
arose  some  years  before  Manson,  in  China,  and  Van  der  Burg,  in  Java, 
established  beyond  doubt  the  specific  nature  of  sprue  and  gave  it  this 
name.  There  is  at  this  time  a  general  agreement  that  Cochin  China 
diarrhea  about  which  French  physicians  wrote  so  much  and  to  the 
the  knoAvledge  of  which  they  contributed  so  largely,  is  sprue. 

There  has  been  a  like  discussion  concerning  the  diarrheas  of  India 
and  adjacent  countries  by  English  physicians.  As  early  as  1854  Grant, 
in  a  paper  which  has  since  become  classical,  described  a  diarrhea  preva- 
lent at  the  Indian  Hill  Stations  at  elevations  of  from  4,000  to  8,000 
feet.  According  to  Grant,  the  state  of  the  tongue  and  mouth  in  this 
hill  diarrhea  is  quite  characteristic.  The  tongue  carries  superficial  ulcers 
and  deep  indentations  along  the  margin,  while  the  gums  are  congested 
and  bleed  easily.  In  some  the  tongue  is  white  with  streaks  of  red. 
About  the  edges  it  becomes  raw,  fissured,  dry  and  rough,  and  there  is 
difficulty  in  swallowing.  Usually  this  diarrhea  comes  on  without  nausea 
and  griping,  but  call  to  stool  is  frequent  and  urgent.  The  stools  are 
described  as  drab  or  muddy  gray  in  color,  frothy,  and  feculent.  As  the 
disease  progresses  they  become  white,  pultaceous  and  yeasty.  Stools 
are  most  frequent  between  daylight  and  breakfast  and  again  as  eve- 
ning approaches.  Grant  states  that  the  odor  of  the  stool  is  peculiarh^ 
unnatural,  but  not  offensive.     The  odor  is,  however,  modified  by  the 
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food.  This  disease,  or  at  least  the  worst  forms  of  it,  is  accompanied 
by  progressive  emaciation.  Evidently,  assimilation  and  nutrition  are 
perverted  and  finally  quite  destroyed.  This  progressive  emaciation  is 
in  many  instances  accompanied  by  edema  of  the  legs  and  dropsy  of 
the  abdomen.  Mental  weakness  accompanies  this  physical  deteriora- 
tion and  the  patient  becomes  fretful,  vacillating,  and  incapable  of  con- 
secutive and  rational  thinking.  The  cause  of  hill  diarrhea  remains  un- 
known and  its  relation  to  sprue  is  still  a  matter  of  discussion  among 
English  physicians  in  India. 

In  1908  Brown  published  a  valuable  monograph  on  sprue,  and  in  this 
he  discusses  the  relation  between  hill  diarrhea  and  sprue.  It  seems  that 
hill  diarrhea,  in  many  instances  at  least,  comes  on  as  an  acute,  infec- 
tious disease,  characterized  by  a  chill  followed  by  a  fever.  It  may 
appear  among  the  robust  almost  immediately  after  reaching  one  of  the 
hill  stations.  Grant  thought  it  confined  to  four  stations:  Simla,  at  an 
elevation  of  from  6,500  to  8,000  feet;  Dagshai,  24  miles  from  Simla 
and  6,000  feet  high;  Subathoo,  22  miles  from  Simla  and  4,000  feet,  and 
Karauli,  32  miles  from  Simla  and  6,400  feet  high.  Brown  is  quite  cer- 
tain that  hill  diarrhea  is  not  identical  with  sprue.  It  seems  that  this 
conclusion  is  justified  by  the  suddenness  with  which  hill  diarrhea  makes 
its  appearance,  by  the  fever  which  accompanies  it,  and  by  the  morbid 
anatomy  which  apparently  differentiates  the  two  diseases.  All  path- 
ologists who  have  studied  sprue  agree  that  the  primary  invasion  of  the 
alimentary  canal  is  through  the  submucosa.  The  suddenness  of  onset 
in  hill  diarrhea  and  the  histologic  findings  after  death  certainly  justify 
the  conclusion  that  this  disease  is  not  identical  with  sprue. 

Brown  gives  the  following  general  description  of  hill  diarrhea: 

"Hill  diarrhea  is  a  disorder  of  the  digestive  system,  which  althono^h  not  confined  to 
high  altitudes,  usually  affects  residents  of  the  more  elevated  districts  of  the  eastern 
tropics,  and  is  especially  prevalent  in  some  of  the  sanatoria  and  hill  stations  of  India. 
In  typical  instances,  it  assumes  the  form  of  an  alcoholic  gastrointestinal  catan-h,  the 
symptoms  being  nausea,  abdominal  pain  and  diarrhea.  The  evacuations  are  most  fre- 
quent in  the  early  morning,  and  are  loose,  copious,  frothy  and  colorless.  In  its  nature, 
hill  diarrhea  is  less  malignant  than  sprue,  and  as  a  rule  it  is  readily  amenable  to 
treatment;  but  occasionally  it  is  complicated  by  choleriform  seizures,  and,  not  in- 
frequently, it  passes  into  a  chronic  and  somewhat  intractable  condition.  Though  all 
classes  and  races  are  subject  to  this  disorder,  Europeans  are  principally  affected, 
visitors  who  have  recently  ari'ived  from  hot,  low-lying  districts  being  particularly  liable 
to  attack." 

Hill  diarrhea  is  not  the  only  disease  in  India  whose  relation  to  sprue 
has  been  a  matter  of  doubt  and  discussion.  In  the  Lettsomian  Lectures 
for  1881,  Fayrer  discusses,  under  the  title  of,  "Chronic  White  Tropical 
Diarrhea,"  a  disease  which  is  said  to  be  highly  prevalent  among  Euro- 
peans in  India    and   quite  unresponsive  to   treatment.     Fayrer  believed 


SPRUE  449 

this  disease  to  be  one  capable  of  differentiation  from  hill  diarrhea  and, 
indeed,  from  all  other  diarrheas  characterized  by  colorless  stools.  The 
description  of  chronic  white  tropical  diarrhea  conforms  satisfactorily  to 
that  of  sprue.  It  seems  to  be  the  consensus  of  opinion  of  competent  men 
who  have  worked  in  the  Orient  that  the  Cochin  China  diarrhea  de- 
scribed by  French  physicians  and  the  chronic  white  tropical  diarrhea 
discussed  by  Fayrer  and  others  are  sprue. 

As  we  have  already  stated,  in  1908  Brown  wrote  a  monograph  on 
sprue  in  which  he  assembled  practically  everything  of  value  known 
up  to  that  time.  As  to  the  relation  between  sprue  and  dysentery, 
Brown  wrote  as  follows: 

''Sprue  and  dysentery  are  distinct  diseases,  and  owe  their  origin  to  different 
causes;  but  both  are  of  every-day  occurrence  in  certain  parts  of  the  eastern  tropics, 
and  it  is  not  surprising  that  they  should  frequently  be  seen  in  combination.  In  such 
instances  the  usual  sequence  of  events  is  that  the  illness  commences  with  acute 
dysentery,  which,  without  evidence  of  amoebiasis,  gradually  becomes  chronic;  that, 
after  some  weeks,  the  dejecta  cease  to  be  dysenteric,  their  appearance  now  being 
suggestive  of  sprue;  that  about  the  same  time  the  tongue  and  mouth  are  found  to  be 
affected  by  characteristic  lesions,  and  that  there  are  also  symptoms  of  toxemia.  The 
after-history  is  usually  such  as  is  seen  in  the  ordinary  course  of  sprue.  But  it  is  also 
the  case  that,  in  certain  localities  and  in  particular  outbreaks,  sprue  assumes  a  dis- 
tinctly inflammatory  type.  The  usual  progressive  and  uneventful  course  of  the  dis- 
order is  then  internipted  by  intercurrent  seizures  of  dysenteric  dian-hea.  In  the  low 
country  of  the  Dutch  Indies  and  Malaya  this  form  of  sprue  is  rare,  but  in  the  hill 
districts  of  Ceylon  and  Java,  and  notably  in  Cochin  China,  where  they  are  known  as 
'crises  dysenteriques,'  these  attacks  are  common  and  severe.  At  periodic  intervals 
during  what  appears  to  be  the  ordinary  progress  of  sprue,  the  patient  is  seized  with 
sharp  abdominal  pain  followed  by  tenesmus  and  the  passage  of  mucus  and  blood. 
According  to  severity,  the  attacks  are  of  longer  or  shorter  duration,  and  they  may  or 
may  not  be  accompanied  by  fever;  but  in  Cochin  China  they  usually  last  about  two  or 
three  days;  the  rise  of  temperature  is  slight;  and  as  a  rule  they  are  easily  amenable 
to  treatment.  It  is,  of  course,  possible  that  such  seizures  may  be  produced  in  an 
otherwise  uncomplicated  ease  of  sprue  by  exceptional  ulceration  in  the  sigmoid  flexure 
or  rectum;  but  in  view  of  our  present  knowledge  of  the  causes  of  dysentery,  there 
can  be  no  doubt  that  most  of  them  are  genuine  instances  of  a  double  infection.  Prob- 
ably, however,  chills  and  unsuitable  food  are  the  important  factors  in  causation,  for  it 
is  certain  that  in  Cochin  China  at  least  occasional  dysenteric  dian-hea  does  not  betoken 
the  combination  of  the  two  diseases.  When  sprue  and  dysentery  occur  together  the 
former,  except  in  fatal  cases,  being  the  slower  process,  outlives  the  latter,  and  is  often 
seen  as  the  terminal  stage.  It  appears  to  persist  after  the  exhaustion  and  death  of  the 
pathogenic  agent  of  dysentery,  whether  bacillary  or  amoebic,  and  is  probably  responsible 
for  its  disappearance." 

Brown's  chapters  on  symptoms,  morbid  anatomy,  and  prevention  of 
sprue  are  valuable.  In  discussing  the  morbid  anatomy  he  brings  out  a 
point  which  should  always  be  held  clearly  in  mind  by  the  epidemi- 
ologist ;  and  that  is  that  in  sprue  the  primary  intestinal  lesions  originate 
in  the  submucosa.    This  indicates  that  the  path  of  invasion  taken  by  the 
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virus,  whatever  it  may  be,  lies  through  the  blood  or  lymph  supply. 
This  virus,  it  is  true,  may  be  formed  in  the  lumen  of  the  intestine,  but 
it  operates  only  after  absorption  into  the  blood  or  lymph  and  its  predi- 
lection tissue  is  in  the  submucosa.  The  effects  on  the  mucosa,  which, 
as  the  disease  establishes  itself  become  more  and  more  prominent  and 
at  autopsy  dominate  the  pathologic  picture,  are  secondary.  We  regard 
as  so  important  the  distinction  between  sprue  and  dysenteries  and  diar- 
rheas that  we  add  hereto  a  short  quotation  from  Brown's  chapter  on 
morbid  anatomy : 

"Under  the  microscope  it  is  seen  that,  as  in  other  parts  of  the  alimentary  canal,  the 
lesions  of  the  small  intestine  originate  in  the  submucosa.  The  vascular  network  of  that 
tissue  is  congested  and  distended  by  thrombi ;  and  when  these  are  of  long  standing, 
the  pigment  of  the  blood  soaks  through  the  vessel  walls,  and,  becoming  absorbed  by 
the  superficial  cells,  stains  them  the  peculiar  leaden  tint  that  has  already  been  noted. 
The  areolar  tissue .  and  lymphatic  channels  are  packed  by  a  condensed  infiltration  of 
small  round  cells,  which  compresses  and  obliterates  the  crypts  of  Lieberkiilm.  Not 
infrequently  the  lower  parts  of  the  crypts  escape  the  strangulation,  which  involves 
their  outlets  and  cuts  off  their  communication  with  the  intestinal  canal,  persist  and  are 
seen  on  section  as  cystic  dilatations  in  the  submucosa.  The  villi,  too,  are  invaded  by 
embryonic  cell  growth ;  the  central  lymph  vessels  and  the  areolar  framework  become 
misshapen  and  distorted  by  the  infiltration;  ultimately  this  is  organized  and  slirinks, 
and  the  villi  retract  and  are  lost  in  the  general  distention  of  the  mucous  membrane. 
The  primary  effect  of  these  changes  is  arrest  of  the  blood  supply  to  the  mucosa.  The 
surface  epithelial  cells  then  lose  their  nuclei,  disintegrate^  and  are  shed  into  the  lumen 
of  the  intestine,  while  necrotic  areas,  forming  Avhere  pressure  is  greatest  in  the  epi- 
thelial layer  and  submucosa,  originate  the  superficial  ulceration  which  is  so  marked 
and  characteristic  a  feature  of  the  secondary  state  of  sprue. ' ' 

After  learning  the  above  facts  concerning  the  morbid  anatomy  of  this 
disease,  we  can  readily  understand  why  sprue  is  an  insidious,  slowly 
developing,  disease,  and  one  which  is  subject  to  marked  recessions  and 
exacerbations ;  one  that  interferes  with  digestion  and  nutrition  and 
leads  to  emaciation;  one  which  starves  not  only  the  body  as  a  whole, 
but  especially  certain  organs,  such  as  the  liver,  and  leads  to  atrophy ; 
one  that  in  its  uncomplicated  form  is  free  from  febrile  symptoms ;  and, 
finally,  one  whose  treatment  is  dietetic  and  not  by  drugs. 

Brown  is  quite  convinced  that  sprue  is  a  specific  infectious  disease 
due  to  a  protozoan,  a  bacterium,  or  some  other  minute  poison  manu- 
facturer. He  states  that  no  other  theor,y  will  satisfactorily  account  for 
the  lesions  that  are  found  characterizing  this  disease.  He  finds  further 
support  of  the  microbial  origin  of  this  disease  in  its  regional  distribu- 
tion. There  are  places,  like  the  Island  of  Barbados,  where  sprue  was 
once  highly  prevalent  but  is  no  longer  known  or  is  exceedingly  rare. 
There  are  places  geographically  contiguous,  practically  identical  in 
geological  formation,  in  climate,  and  in  the  character  of  its  people,  their 
food,   dress,  and  habits ;  while   in  one   of  these  localities  sprue  will  be 
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found  in  abundance,  in  the  other  it  is  unknown.  There  is  sprue  in 
Shanghai  and  its  environs,  while  it  does  not  occur  in  Japanese  ports, 
nor,  indeed,  in  any  part  of  Japan.  It  is  common  in  Malaya,  but  is  un- 
known or  at  least  unrecognized,  in  Central  America.  There  are  cases 
of  sprue  which  apparently  have  been  acquired  during  short  periods  of 
residence  in  an  infected  locality.  The  frequency  with  which  the  initial 
lesions  appear  in  the  mouth  is  held  by  some  to  be  evidence  of  the  in- 
fectious character  of  the  disease.  In  our  opinion,  however,  this  is  not 
very  convincing,  since  the  fact  which  we  have  just  emphasized,  that 
the  path  of  invasion  is  through  the  blood  or  lymph,  would  not  justify 
the  assumption  that  the  point  where  the  poison  is  manufactured  must 
necessarily  be  immediately  adjacent  to  the  location  of  the  earliest  and 
most  pronounced  lesions.  Brown  holds  that  sprue  is  a  toxemia,  but 
of  the  nature  of  the  organism  which  manufactures  the  poison  and  of 
the  poison  itself,  he  claims  no  definite  knowledge,  and  this  seems  about 
the  conclusion  which  we  shall  have  to  adopt  today. 

Is  sprue  indigenous  in  the  United  States?  In  1915  Wood  collected 
the  literature  on  this  subject.  According  to  this  author,  sprue  was  rec- 
ognized in  North  Carolina  before  the  classical  report  of  its  existence 
in  Barbados  was  made  by  Hillary.  Wood  states  that,  in  the  Natural 
History  of  North  Carolina,  published  in  Dublin  in  1737,  Brickell,  a 
Dublin  physician  who  had  been  sent  by  the  Crown  to  make  a  report 
on  the  Cherokee  Indians,  described  as  prevalent  among  these  people 
not  only  yaws,  but  also  a  'Svhite  flux,"  which  in  all  probability.  Wood 
says,  was  sj)rue.  This  testimony,  in  our  opinion,  is  not  convincing. 
There  is  no  account  of  the  symptoms  of  the  disease  and  the  presence 
of  white  stools  in  a  diarrhea  can  scarcely  be  accepted  as  a  positive 
diagnosis  for  sprue.  Wood  states  that  in  1905  Graham,  of  Savannah, 
reported  four  cases  of  sprue  which  had  originated  in  G-eorgia.  In  1907 
Harris,  of  Atlanta,  reported  cases  of  sprue  but  later  concluded  that  he 
had  mistaken  this  disease  for  pellagra.  In  1911  Simon,  of  New  Orleans, 
reported  a  case  of  probable  sprue  of  indigenous  origin.  It  will  be  under- 
stood that  many  American  physicians  have,  from  time  to  time,  reported 
sprue  among  individuals  ,  who  have  resided  in  tropical  regions,  but  at 
present  we  are  confining  our  remarks  to  indigenous  sprue.  Wood  thinks 
that  sprue  and  pellagra  are  often  confounded.  He  also  calls  attention 
to  the  well-known  fact  that  white  stools  may  result  from  diseases  of 
the  pancreas.  In  regard  to  the  possibility  of  confounding  sprue  and 
pellagra,  Wood  says: 

"In  reviewing  my  cases,  which  began  in  1905  and  include  several  hundred,  I  find 
that  at  the  time  of  examination  the  skin  lesions  were  wanting  in  large  number,  and  a 
note  is  made  leaving  doubt  as  to  the  correctness  of  the  diagnosis.  In  following  up 
these  cases  it  is  interesting  to  note  that  a  considerable  proportion  never  developed  the 
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necessary  symptom  for  such  a  diagnosis.  A  number  have  died  of  other  diseases  and 
only  a  comparatively  small  portion  were  cases  of  pellagra.  A  large  part  of  these 
cases  we  now  know  suffered  from  tropical  sprue,  wMch  was  supposed  not  to  occur  in 
this  country.  Emphasis  should  be  placed  on  the  fact  that  in  spite  of  an  experience 
of  several  hundred  cases  of  pellagra,  extending  over  a  period  of  ten  years,  any  diag- 
nosis made  in  the  absence  of  skin  lesions  at  that  time  was  simply  guess  work." 

Wood  concludes  his  paper  with  the  following  summary: 

"(1)  Tropical  sprue  occurs  in  the  southern  states,  where  it  is  frequently  confused 
with  pellagra.  (2)  Sprue  is  a  definite  disease  entity  witli  a  definite  symptomatology, 
and  when  followed  should  cause  no  difficulty  in  diagnosis.  (3)  There  is  much  evi- 
dence tending  to  justify  a  further  study  in  order  to  determine  whether  the  character- 
istic sprue  stool  is  or  is  not  due  to  a  lesion  of  the  pancreas.  The  deficiency  of  pan- 
creatic function  in  sprue  may  be  due  to  actual  pancreatic  change,  or  a  disturbed  in- 
testinal function  may  play  a  part  in  the  findings.  (4)  The  only  cei'tain  means  of 
differentiation  between  pellagra  and  sprue  is  a  study  of  the  feces.  Fatty  stools  with 
great  fat  and  nitrogen  loss  are  characteristic  of  sprue,  while  in  pellagra  the  fat  and 
nitrogen  absorption  are  about  normal  even  ia  spite  of  the  diarrhea.  (5)  Sprue  may 
complicate  any  of  the  intestinal  diseases  and  add  to  the  confusion  in  diagnosis, 
therefore,  for  the  present  at  least,  the  diagnosis  of  pellagra  should  not  be  made  in  the 
absence  of  skin  lesions  except  when  the  history  of  a  former  outbreak  is  definite. ' ' 

In  1920  Boyd  reported  two  cases  of  indigenous  sprue  seen  in  the  clinic 
of  Graves  at  Galveston.  From  his  studies  of  the  stools  of  these  patients, 
Boyd  finds  support  for  Ashford's  contention  that  sprue  is  due  to  a 
yeast-like  organism,  which  will  be   described  later.     Boyd  states : 

*^ '  Manifestations  suggestive  of  sprue  may  be  observed  in  persons  who  have  never 
been  outside  the  United  States,  and  from  these  persons  Ashford's  monilia  may  be 
recovered.  Sprue,  by  reason  of  the  disability  it  produces  as  observed  in  the  tropics, 
is  of  distinct  public  health  importance.  Its  imjDortauce  in  the  southern  United  States 
is  as  yet  undetermined.  Potentially  it  may  equal  hookworm  disease  or  pellagra,  so 
that  every  effort  should  be  made  to  ascertain  its  incidence  and  present  its  characteristics 
to  southern  physicians.  Our  knowledge  of  its  means  of  transmission  is  nil,  but  from 
the  situation  in  which  the  organism  can  be  demonstrated  it  would  ajjpear  that  measures 
designed  to  reduce  contact  and  promote  proper  excreta  disposal  might  be  of  value  in 
its  control." 

Etiology. — The  theories  as  to  the  causation  of  sprue  may  be  briefly 
stated  as  follows:  (1)  Sprue  is  not  a  specific  disease;  it  is  a  condition 
or  state  of  the  body  which  may  result  from  any  long  continued  exhaust- 
ing diarrhea.  The  fact  that  the  symptomatology  is  so  definite,  that  the 
morbid  anatomy  is  so  uniform,  and  that  other  long  continued  diarrheas 
are  not  accompanied  by  like  symptoms  and  like  lesions,  completely  neg- 
atives this  theory.  (2)  For  a  time  sprue  was  believed  to  be  due  to  some 
intestinal  parasite.  In  Cochin  China,  worms  of  various  kinds  were  fre- 
quently found  in  the  stools;  notably  strongyloides,  ankylostoma,  tricho- 
monas, and  others.  Continued  study,  however,  showed  that  there  was 
no  uniformity  in  the  intestinal  fauna  in  this  disease.  Moreover,  these 
worms,  singly  and  in  combination,  are  found  in  the  intestines  of  people 
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who  never  develop  sprue.  For  these  reasons  the  helminthic  theory  of 
sprue  has  been  abandoned.  (3)  From  time  to  time  it  has  been  suggested 
that  sprue  is  due  to  some  dietetic  error  and  nearly  every  kind  of  food 
and  drink  has  been  suspected,  but  even  in  the  early  days  of  this  disease 
in  the  Dutch  East  Indies,  in  China,  and  on  the  Malay  Peninsula,  medical 
men  were  struck  with  the  fact  that  alcohol  was  not  concerned  in  its 
causation.  American  physicians,  studying  missionaries  who  returned 
from  the  Orient  with  sprue,  reached  the  same  conclusion.  Another  fact 
which  shows  that  alcohol  has  nothing  to  do  with  it  is  that  the  incidence  of 
the  disease  is  greater  among  women  than  among  men.  For  a  while, 
English  physicians  in  India  suspected  the  highly  spiced  foods  which  are 
so  popular  in  that  country;  but  further  observation  has  led  them  to 
abandon  this  supposition.  In  some  regions  the  increased  incidence  in 
sprue  was  coincident  with  the  greater  use  of  tinned  foods  and  the  Amer- 
ican manufacturer  of  these  articles  was  brought  under  suspicion.  This 
view  has  also  been  abandoned.  (4)  At  certain  times  and  in  certain 
places,  it  has  been  suggested  that  sprue  is  caused  by  some  protozoan  and 
possibly  transmitted  from  man  to  man,  possibly  from  animal  to  man,  by 
some  biting  insect.  No  such  insect  has  been  found  to  be  common  to  all 
regions  in  which  sprue  originates  and  the  protozoal  theory,  although  at 
one  time  or  another  held  by  most  eminent  authorities  in  tropical  medi- 
cine, has  been  abandoned.  (5)  Quite  naturally,  the  known  bacterial 
world  has  been  searched  for  the  infecting  agent,  and  Rogers  and  Castel- 
lani  were  at  one  time  inclined  to  believe  that  some  unidentified  strain 
of  the  streptococcus  might  be  the  guilty  agent.  Rogers  used  strepto- 
coccic, and  Castellani  dysenteric,  vaccines,  but  both  men  apparently 
have  convinced  themselves  that  they  were  not  in  the  possession  of  the 
primary  cause  of  the  disease.  Rogers  thinks  that  any  benefits  he  might 
have  obtained  from  his  streptococcal  vaccine  were  due  to  the  fact  that 
streptococcic  infection,  as  in  many  other  diseases,  is  a  secondary  phe- 
nomenon in  the  development  of  sprue.  The  result  is  that,  at  present, 
attention  has  been  diverted  from  bacterial  life.  (6)  The  first  suggestion 
that  sprue  might  be  due  to  a  fungus,  is  usually  attributed  to  Dantec. 
Soon  thereafter  (1914)  Bahr  hit  upon  the  fungus,  Monilium  albicans, 
which  is  credited  with  the  responsibility  for  thrush  among  children. 
Ashford  has  incriminated  a  closely  allied  species  and  the  work  of  this 
investigator  is  the  most  promising  line  that  we  have  on  the  etiology  of 
sprue. 

In  1909  Ashford,  working  in  Porto  Rico,  discovered  the  presence  of 
sprue  among  the  inhabitants  of  that  Island.  In  1915  he  examined  10,140 
persons  on  the  coffee  plantations  in  the  mountains  about  Utuado.  Among 
these  he  found  only  11  cases  of  complete  sprue  and  19  doubtful  cases. 
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Most  of  these  were  from  the  town  of  Utuado,  and  Ashford  states  that, 
in  Porto  Rico  at  least,  sprue  is  a  disease  of  towns  and  cities  rather  than 
of  rural  districts,  and  that  it  takes  its  victims  from  the  higher  walks 
of  life  rather  than  from  the  less  sanitary  and  apparently  more  exposed 
poor.  He  places  the  average  number  of  cases  seen  annually  by  physi- 
cians in  San  Juan  at  about  25.  For  some  seven  or  eight  years  now, 
Ashford  has  been  trying  to  solve  the  problem  of  the  etiology  of  this 
disease  as  seen  in  Porto  Rico.  He  has  fixed  upon  a  species  of  yeast  be- 
longing to  the  genus  Monilia,  and  the  species  which  he  has  incrimi- 
nated he  has  named  M.  psilosis.  This  is  related  to,  but  is  not  identical 
with,  the  better  known  species  of  this  genus,  M.  albicans.  M.  psilosis  is 
a  large,  spherical  yeast,  with  a  diameter  usually  varying  from  four  to 
seven  microns.  The  cell  contains  a  few  granules,  a  vacuole,  and  a  nu- 
cleus. In  gelatin  stab  cultures  it  elaborates  mycelium  filaments,  with 
the  well-known  picture  of  an  inverted  pine  tree.  The  hypha  is  clear, 
contains  but  few  granules,  varies  in  thickness  from  two  to  five  microns 
and  in  length  may  measure  1,000  microns.  It  may  exhibit  branching 
forms,  but  these  are  not  common.  It  does  not  liquefy  gelatin  and  does  not 
acidify  or  coagulate  litmus  milk.  It  supplies  most  characteristic  and 
"satisfactory  growths  on  Sabouraud's  glucose  agar,  on  which  it  appears 
as  a  soft,  creamy,  elevated  growth,  with  well-defined  margins,  and  gen- 
erally with  mycelium  projections  into  the  substrate.  It  uniformly  fer- 
ments glucose,  levulose,  and  maltose ;  frequently,  saccharose ;  and  oc- 
casionally, galactose.  Ashford  finds  that  primary  cultures  of  this 
organism  are  not  sufficiently  virulent  to  kill  laboratory  animals,  but 
that  the  virulence  may  be  enhanced  sufficiently  to  make  the  organism 
quite  pathogenic  to  rabbits,  guinea  pigs,  and  rats.  Among  laboratory 
animals  feeding^  experiments  have  been  somewhat  disappointing.  A 
monkey  fed  on  this  yeast  became  weak,  morose  and  emaciated,  after  de- 
veloping a  sharp  diarrhea.     M.  psilosis  was  found  in  the  stools. 

In  1917  Ashford  reported  that  from  68  cases  of  sprue  he  had  been 
able  to  isolate  M.  psilosis  in  61,  while  in  32  control  patients,  this  organ- 
ism could  not  be  found.  Of  the  total  100  studied,  71  gave  positive  com- 
plement-fixation tests  with  M.  psilosis  employed  as  an  antigen.  This 
group  included  all  his  68  sprue  patients  and  three  of  the  controls. 

Ashford   concludes  his   1915   paper  with   the  following   statements: 

' '  ( 1 )  Sprue  is  usually  a  mild  disease  witli  a  veiled  picture  in  vvliich  intestinal  fer- 
mentation is  usually  present,  a  tendency  to  spontaneous  cure  and  a  ready  submissiveness 
to  a  noncarbohydrate  diet.  (2)  Tongue  lesions  are  often  clinically  and  liistopathologi- 
cally  indistinguishable  from  ordinary  thrush,  a  disease  due  as  a  rule  to  Monilia  albicans. 
(3)  Clinically  and  histopatholbgically  the  picture  of  the  tongue  is  projected  on  through 
stomach  to  intestine.  (4)  Chronic  intoxication  supervenes  after  well-developed  sprue, 
and  the  liver  atrophies  without  cirrhotic  changes,  secondary  anemia  making  its  appear- 
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ance.  (5)  The  intestinal  lesions  produce  large,  acid,  frothy,  white  stools  with  excessive 
gas  production,  and  full  of  yeasts.  The  character  of  these  stools  does  not  warrant  the 
belief  that  serious  ulceration  changes  take  place.  (6)  There  is  a  tendency  to  chTonicity 
and  to  periods  of  latency  in  which  decided  betterment  or  apparent  cure  may  take 
place.  (7)  Drugs  are  of  little  avail  save  when  used  symptomatically  for  definite 
clinical  crises  and  no  specific  has  yet  been  found." 

Ashford  found  M.  psilosis  in  Porto  Rican  bread,  which  he  says  has 
deteriorated  markedly  since  1903.  He  fails,  so  far  as  we  can  ascertain, 
to  give  reasons  for  this  deterioration  in  the  bread  of  Porto  Rico,  He 
states  that  in  country  districts  in  Porto  Rico,  bread  is  not  an  article  of 
the  daily  food,  ivhile  it  is  in  cities,  and  to  this  he  is  inclined  to  attribute 
the  fact  that  sprue  is  a  disease  of  towns  and  cities  rather  than  of  rural 
districts,  at  least  in  Porto  Rico.  He  says  that  people  of  northern  birth 
are  more  prone  than  the  natives  to  develop  this  disease  and  that  family 
outbreaks  are  noticeable. 

In  1918  Michel,  working  with  Ashford  in  Porto  Rico,  reported  the 
results  which  he  had  obtained  in  the  treatment  of  sprue  with  a  vaccine 
prepared  from  M.  psilosis.  At  that  time  Michel  had  treated  81  cases 
and  in  62  the  treatment  was  completed.  All  cases  had  been  diagnosed 
by  Ashford  as  sprue  and  Monilia  psilosis  had  been  isolated  from  the 
feces.  Coincident  with  the  administration  of  the  vaccine,  the  diet  was 
regulated  to  fit  each  individual  case.  Cases  of  sprue  without  complica- 
tions among  Americans  were  found  to  respond  most  readily  to  treatment, 
recovering  more  promptly  than  Porto  Ricans.  Of  62  patients  thus 
treated,  49  had  been  discharged  cured,  12  were  improved  and  one  died. 

In  1907  Dold,  working  in  the  German  Medical  School  at  Shanghai, 
reported  that  he  had  succeeded  in  developing  typical  sprue  in  a  young 
monkey  by  feeding  it  on  monilia ;  in  fact,  he  fed  two  monkeys,  father 
and  son,' the  latter  aged  eighteen  months,  on  yeast.  The  older  one  de- 
veloped a  transient  sprue-like  diarrhea,  but  in  the  younger  the  disease 
took  a  chronic  course  and  terminated  fatally  five  months  after  the 
experimental  infection  took  place.  The  autopsy  showed  extreme  gen- 
eral emaciation  with  small  ulcerations  at  the  margin  of  the  tongue  on 
both  sides.  The  esophagus  was  normal,  but  the  mucosa  of  the  stomach, 
small  and  large  intestines  was  atrophic  and  showed  slight  erosions. 
The  liver  and  pancreas  were  somewhat  diminished  but  otherwise  normal. 
Histologically,  these  organs  showed  no  abnormality  except  a  general 
atrophy.    All  other  organs  were  normal. 

The  problem  upon  which  Ashford  is  at  work  must  be  regarded  at  the 
present  time  as  incomplete,  but  the  evidence  v/hich  he  has  accumulated, 
year  by  year  groAvs  more  convincing. 

Castellani  has  been  inclined  to  regard  the  presence  of  yeast  fungi  in 
the  alimentary  canal  and  in  the  stool  in  cases  of  sprue  as  merely  inci- 
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dental   and   points   to    the   fact   that  mycotic   infection   is    common   in 
healthy  people  while  residing  in  the  tropics. 

Racial  Incidence. — It  is  generally  stated  that  sprue  is  essentially  a 
white  man's  disease.  Still  "Ceylon  sore  mouth"  is  now  generally  be- 
lieved to  be  sprue  and  is  common  among  the  natives  of  Ceylon.  Some 
authorities  report  sprue  as  not  infrequent  among  the  natives  of  Bombay 
and  Bengal,  and  Van  der  Burg  found  many  native  cases  in  Sumatra! 
There  are  those  who  believe,  and  who  present  facts  substantiating  their 
belief,  that  there  is  a  deep  and  inherited  susceptibility  to  this  disease 
in  the  white  race.  Whites  born  in  the  tropics  are  apparently  quite  as 
susceptible  to  sprue  as  those  born  in  temperate  and  more  northern  re- 
gions. Out  of  41  cases  among  Europeans  seen  by  Rogers  in  Calcutta, 
26  were  born  in  India,  and  this  leads  Heaton  to  say: 

"Sprue  is  thus  unique  among  tropical  diseases  in  attacking  principally  the  accli- 
matized foreigner,  and  is  usually  sparing  both  the  native  and  the  newly  arrived 
European. ' ' 

English  observers  of  sprue  in  India  and  in  other  parts  of  the  Orient 
agree  that  sprue  seldom  attacks  children,  either  those  coming  to  the 
tropical  country  or  those  born  therein.     To  quote  again  from  Heaton: 

"Sprue,  as  has  been  frequently  observed,  distinguishes  neither  between  rich  and 
poor,  nor  between  the  robust  and  the  weakly,  nor,  in  adults,  between  the  young  and  the 
old.    The  only  imaffected  members  of  the  European  community  are  the  young  children." 

Most  writers  on  sprue  agree  that  long  residence  in  an  endemic  area 
is  essential  to  the  development  of  this  disease.  This  opinion  is,  how- 
ever, not  universal  and  Roux  reports  a  case  in  which,  in  his  opinion, 
infection  resulted  from  a  short  stay  in  a  tropical  port  during  the  coal- 
ing of  the  ship.  This  vicAV  is  so  unusual  and  exceptional  that  we  must 
decline  to  give  it  credence.  When  Caucasians  develop  sprue  it  is 
found  that  the  most  effective  prescription  for  their  treatment  is  to  cut 
out  all  carbohydrate  food  or  to  reduce  this  to  a  minimum;  still,  natives 
are  less  susceptible  to  sprue  and  their  diet,  as  a  rule,  contains  more 
carbohydrates  than  the  Caucasian  consumes  either .  at  home  or  while 
residing  in  the  tropics.  It  may  be  that  there  is  some  important  differ- 
ence in  the  methods  of  preparing  carbohydrate  foods  employed  by  trop- 
ical races  compared  with  those  from  temperate  climates. 

G-eographical  Distribution. — From  the  evidence  at  present  before  us, 
we  must  conclude  that  sprue  is  distributed  quite  unevenly  throughout 
the  tropical  and  subtropical  belts  around  the  globe.  Its  areas  of  great- 
est prevalence  are  to  be  found  in  India,  southeru  China,  and  the  East 
Indies.  It  is  less  prevalent  in  northern  China,  Japan,  the  West  Indies, 
and  the  southern  United  States.  Indigenous  cases  apparently  are  un- 
known in  the  British  Isles,  in  central  and  northern  Europe,  throughout 
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Siberia,  in  the  Dominion  of  Canada,  and  in  the  northern  United  States. 
Manson,  whose  opinion  about  anything  pertaining  to  sprue  carries  great 
weight,  says: 

''Apparently  sprue  is  most  prevalent  in  those  tropical  countries  in  which  prolonged 
high  temperature  is  combined  with  a  moist  atmosphere." 

Heaton,  who  is  inclined  to  attribute  sprue  to  prolonged  and  marked 
physiologic  deterioration,  says: 

"The  climate  where  sprue  is  commonest  is  that  most  unfavorable  to  the  maintenance 
of  glandular  activity,  though  its  first  effect  is  no  doubt  stimulating.  Prodromata  in- 
dicative of  hepatic  hyperactivity  are  often  noted  in  the  history  of  sprue  patients.  Chil- 
dren, again,  would  naturally  be  immune  to  a  disease  caused  by  exhausted  vitality. 
There  are  occasional  anomalies,  it  is  true,  both  in  the  distribution  and  in  the  incidence 
of  sprue,  and  it  is  often  difficult  to  explain  them.  The  chain  of  cause  and  effect  in 
individual  cases  is  admittedly  obscure;  but  the  broad  facts  would  not  seem  to  be  un- 
intelligible, if  the  essential  cause  of  the  disease  is  sought,  not  in  a  specific  infection, 
but  in  a  faulty  or  inadequate  reaction  of  the  indi\ddual  to  his  environment. ' ' 

Prevention. — The  only  author,  so  far  as  we  can  find,  who  has  written 
satisfactorily  concerning  the  hygiene  and  prevention  of  sprue,  is  Brown, 
upon  whom  we  must  largely  rely.  There  is,  however,  general  agree- 
ment, as  we  have  already  had  occasion  to  say,  among  those  who  have 
studied  this  disease,  that  alcohol,  spiced  foods,  tinned  meats,  and  vege- 
tables cannot  be  incriminated  either  as  primary  or  secondary  factors  in 
the  causation  of  sprue.  Brown  says  that  improved  sanitation  has  had 
no  influence  upon  this  disease.     We  quote: 

''For  several  years  after  the  occupation  of  Cochin  China  by  the  French,  Saigon  was 
perhaps,  of  all  European  settlements  in  the  East,  the  most  notoriously  unliealthy. 
Since  that  time  the  swamps  which  surrounded  the  town  have  been  filled  up,  and 
efficient  systems  of  drainage,  water-supply  and  conservancy  have  been  established, 
with  the  result  that  the  general  health  has  been  much  improved.  In  Saigon  itself, 
malarial  fevers,  cholera  and  dysentery  are  now  comparatively  uncommon,  while  in 
Cholon  and  the  adjoining  settlements  the  rate  of  mortality  from  these  and  similar 
diseases  has  been  very  materially  reduced;  yet,  on  the  endemic  diarrhea  of  the  country, 
sanitary  measures  have  had  little  or  no  influence.  In  Cochin  diina,  sprue  now  affects 
a  larger  percentage  of  the  resident  European  population  than  ever  before.  And 
Saigon  is  but  an  instance  of  what  may  with  equal  truth  be  said  of  other  important 
centers  of  commerce — of  Shanghai,  Singapore,  Penang,  Batavia,  Soerabaya  and  Sama- 
rang.  In  these  cities,  before  the  introduction  of  sanitary  supervision,  when  surface 
wells  formed  the  sole  source  of  drinking  water,  and  when  but  little  attention  was 
paid  to  the  hygienic  requirements  of  very  large  populations,  sprue  was  infrequent;  and 
it  is  a  remarkable  fact  that  the  extension  of  a  disease  which  chiefly  affects  Europeans 
has  been  coincident  with  the  introduction  of  scientific  sanitation. ' ' 

This  is  so  at  variance  with  the  history  of  the  other  diarrheas  and  the 
dysenteries  that  it  demands  special  consideration.  In  the  first  place, 
we  might  question  whether  the  above-quoted  statement  is  founded  upon 
.sufficiently  extended  and  exact  data  to  justify  its  unquestioned  accept- 
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ance.  Sprue  is  a  chronic  disease  requiring  many  years  for  its  develop- 
ment to  the  point  of  clinical  recognition  and  it  may  be  that  many  of 
the  cases  first  recognized  in  recent  years  had  their  inception  under  the 
old  regime  when  sanitation  was  notoriously  lacking.  The  other  diar- 
rheas and  the  dysenteries  have  quite  invariably  decreased  in  incidence 
with  improved  sanitation,  by  which  we  mean  the  introduction  of  modern 
drainage,  sewage  disposal,  and  the  supplying  of  unpolluted  water.  If 
the  statement  made  by  Brown,  as  above  quoted,  is  true  and  can  be  shown 
to  hold  good  ill  all  areas  where  sprue  is  endemic,  it  seems  reasonable  to 
conclude  that  pollution  of  soil  and  water  has  but  little  or  no  influence 
on  its  causation  and  dissemination. 

Brown  gives  the  following  dietetic  maxims,  Avhicli  he  thinks 'may  as- 
sist in  the  prevention  of  sprue  and  other  intestinal  disorders  found 
among  Caucasians  who  live  in  tropical  countries: 

"(1)  Wlien  fresh  meat  (including-  poultry,  game,  etc.)  can  be  procured  in  good 
condition  it  should  form  the  chief  constituent  of  two  meals  daily,  if  sufficient  exercise 
is  taken.  (2)  Fresh  meat  is  preferable  to  preserved,  tinned  or  salted  flesh  of  any 
kind.  (3)  On  account  of  the  liability  of  meat  to  contamination,  and  the  rapid  develop- 
ment of  microorganisms,  cold  meat  should  be  avoided.  And  all  meat  should  so  far 
as  possible  be  eaten  hot  and  freshly  cooked.  (4)  When  it  can  be  obtained,  fresh  fish 
is  essentially  suited  to  the  dietetic  requirements  of  the  tropics,  and  should  always  form 
a  substantial  item  in  the  daily  fare.  (5)  Vegetables  are  generally  somewhat  unsatis- 
factory, but  when  they  are  available  they  should  be  utilized.  Tinned  vegetables  are 
less  liable  to  objection  than  tinned  meat.  (6)  Fruit  should  be  eaten  daily,  but  only 
with  the  morning  or  midday  meals.  (7)  Eaw  vegetables,  such  as  lettuce  and  other 
salads,  are  dangerous.  Shell  fish  and  crustaceans  (with  the  exception  of  well  cooked 
prawns)  are  unwholesome,  while  pork  and  ducks  as  a  rule  are  wisely  avoided  by 
tropical  residents. ' ' 

So  far  as  the  infiuenee  of  exercise  upon  the  development  of  this  dis- 
ease is  concerned.  Brown  is  of  the  opinion  that  exercise  becomes  a  fad 
with  many  Europeans,  especially  the  English,  while  residing  in  trop- 
ical countries  and  that  it  is  frequently  overdone.  He  states  that  fatigue 
is  often  unwisely  mistaken  for  exercise,  and  he  says  that  the  smaller 
percentage  of  cases  of  sprue  is  furnished  by  the  class  who  take  exercise 
in  strict  moderation.  He  thinks  that  housing  conditions  among  whites 
in  India  and  other  tropical  countries  have  not  been  improved  in  recent 
years  and  that  supplanting  roomy,  thatch  covered  bungalows  with  wide 
verandas,  by  modern  European  houses,  has  not  improved  health  condi- 
tions in  the  tropics. 

Students  of  sprue  generally  state  tliat  when  the  disease  is  recognized 
in  a  white  resident  in  the  tropics,  immediate  return  home  is  a  sine  qua 
non  if  recovery  is  to  be  secured.  Brown  agrees  that  return  home  or 
leaving  the  tropics  is  desirable  if  the  disease  is  detected  or  if  the  return 
is  to  be  effected  in  the  early  state  of  the  disease,  but  he  says  that  peo- 
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pie  with  advanced  sprue  often  go  to  their  graves  instead  of  to  their 
homes  when  they  make  the  attempt  to  do  the  latter  under  disadvan- 
tageous conditions.  Bertrand  and  Fontan,  observing  sprue  in  Cochin 
Ohina,  say:  ''Let  there  be  no  parley  with  the  disease;  return  home  is 
absolutely  necessary."  Many  Europeans  developing  sprue  in  Java  and 
India  seek  to  better  their  condition  by  a  temporary  sojourn  at  some  hill 
station.  On  this  point,  Van  der  Burg  says :  ' '  Removal  to  the  uplands 
always  does  more  harm  than  good." 

While  a  book  on  epidemiology  should,  so  far  as  possible,  avoid  dis- 
cussion of  treatment,  it  is  only  proper  to  say  in  this  connection  that  no 
drug  has  been  found  to  be  of  benefit  in  the  treatment  of  sprue.  Although 
so  eminent  an  authority  as  Brunton  did,  for  a  w^hile,  have  some  confi- 
dence in  preparations  of  bismuth  and  in  cannabis  indica  in  its  treat- 
ment as  he  saw  it  in  London  among  patients  returned  from  tropical 
countries,  further  investigation  has  demonstrated  the  worthlessness  of 
these  preparations.  For  a  time  santonin  had  a  run  in  the  treatment 
of  sprue,  but  Ashford  has  demonstrated  that  it  is  without  value.  The 
only  successful  treatment  is  dietetic  and  each  expert  has  his  own  for- 
mula. Some  employ  an  exclusive  milk  diet,  but  the  milk  should  be 
uncontaminated  and  up  to  standard  in  its  essential  constituents,  and 
such  milk  is  not  easily  obtained  in  all  parts  of  the  tropics.  Some  physi- 
cians put  their  patients  on  a  diet  consisting  wholly  of  fruits.  Quite  nat- 
urally, these  fruits  must  be  fresh  and  are  tropical  and  include  bananas, 
pineapples,  strawberries,  blackberries,  alligator  pears,  mangoes,  and  oth- 
ers. Sometimes  a  mixed  diet  of  native  fruits  and  preserved  milk  is  em- 
ployed, while  in  still  other  cases  an  exclusive  meat  diet  seems  to  give 
good  results. 
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CHAPTER  XV 
MALTA  FEVEE 

Mediterranean  Fever;  Undulant  Fever 

Description. — This  is  a  continued  fever,  running  usually  from  three 
to  ten  weeks,  often  much,  longer,  and  furnishing  an  irregular,  undulating 
curve,  with  many  exacerbations  and  remissions.  It  is  caused  by  a  spe- 
cific microorganism,  discovered  by  Bruce  in  1889  and  designated  as 
Micrococcus  melitensis.  The  designation  as  Malta  fever  is  unfortunate, 
because,  as  we  shall  see,  the  disease  has  a  world-wide  range.  The  term 
undulant  fever  is  much  more  suitable  and  expresses  one  of  the  marked 
characteristics  of  the  disease.  This  disease  is  plainly  differentiated  from 
all  other  diseases  etiologically,  symptomatically,  and  pathologically.  So 
far  as  its  symptomatology  is  concerned,  its  most  characteristic  feature 
is  its  long  continuation  and  the  irregular  exacerbations  and  recessions. 
The  death  rate  is  low,  generally  not  exceeding  2.5  per  cent.  There  are 
no  cutaneous  eruptions  characteristic  of  the  disease  and  whatever  of 
these  may  be  seen  in  individual  cases  is  incidental  and  not  due  to  the 
specific  virus.  Rheumatic  and  neuralgic  pains  are  frequent  accompan- 
iments and  sequelae.  In  a  small,  but  notable,  percentage  of  cases  orchi- 
tis appears  as  a  complication.  The  most  constant  pathologic  change 
found  after  death,  lies  in  the  spleen,  the  size  of  which  is  markedly  in- 
creased and  the  density  of  which  is  markedly  diminished.  There  is  no 
regularity  or  periodicity  in  the  remissions.  The  temperature  runs  fairly 
high,  sometimes  reaching  105°  or  106°,  then  declines  for  an  indefinite 
period,  when  rather  suddenly  and  without  apparent  cause  it  approxi- 
mates, reaches,  and  possibly  exceeds  the  preceding  crest.  During  the 
remissions  the  patient's  general  well-being  improves  and  he  fancies  that 
he  has  reached  the  final  termination  of  his  disease  and  great  disappoint- 
ment, accompanied  by  marked  general  depression,  results  from  the 
exacerbation.  During  the  exacerbations  there  is  often  profuse  perspira- 
tion. The  amount  of  Avater  leaving  the  body  through  the  skin  is.  prob- 
ably not  exceeded  in  any  other  disease. 

History. — The  epidemiologist  does  not  go  far  in  his  studies  before  he 
meets  with  strong  evidence  of  the  immutability  of  the  epidemic  diseases. 
Generally  speaking,  they  run  true  to  type  throughout  their  recorded 
history,  be  this  short  or  long.  Tubercle  bacilli  found  in  Egyptian  mum- 
mies are  easily  recognized  by  tests  applied  for  the  recognition  of  their 
kind  taken  from  the  sputum  of  the  consumptive  of  today.     The  gradual 
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progress  of  pulmonar}^  tuberculosis,  its  characteristic  hectic  flush,  its 
gradual  wasting  of  tissue,  its  harassing  cough,  and  its  certain  termina- 
tion in  death,  have  been  matters  of  common  observation  from  the  earli- 
est historical  times  down  to  the  present  day.  The  characteristic  symp- 
toms and  lesions  of  smallpox  observed  and  described  by  Indian  writers 
before  the  Christian  era  show  no  essential  variation  from  those  which 
manifest  themselves  in  the  unprotected  individual  of  today.  Then,  as 
now,  one  attack  of  this  disease  gave,  as  a  rule,  protection  against  sub- 
sequent exposures  to  the  virus.  Ancient  Hindoos  practiced  inoculation 
in  this  disease  and  the  symptoms  induced  and  the  results  secured  were 
identical  with  those  observed  many  centuries  later,  when  this  method  of 
mitigating  the  severity  of  the  disease  was  practiced  in  western  Europe 
and  in  America.  Practically  the  same  phenomena,  in  the  same  order, 
have  appeared  in  every  child  vaccinated  with  cowpox  that  were  seen 
and  described  by  Jenner  in  his  experiments  on  the  Phipps  boy  in  1796. 
It  follows  that  through  all  these  centuries  there  has  been  no  important 
mutation  in  the  smallpox  virus,  nor  any  marked  modification  in  its  be- 
havior when  introduced  into  the  human  body.  The  most  ancient  descrip- 
tions of  the  plague  are  so  plainly  indicative  of  the  disease  as  we  have 
known  it  in  the  present  generation,  that  there  can  be  no  mistake  of  the 
identity  of  the  virus  of  this  disease  in  most  ancient  times  Avith  that 
of  the  present.  The  pneumonias  of  today  are  marked  by  the  same  sea- 
sonal variations,  characterized  by  the  same  modes  of  onset,  by  like  ave- 
nues of  progress,  and  by  similar  results  with  those  seen  and  described 
by  Hippocrates.  The  description  of  mumps,  with  its  accompanying  or- 
chitis, given  by  the  great  Greek  physician  more  than  2,300  years  ago, 
might  have  been  written  by  any  intelligent  observer  yesterday.  The 
differentiation  between  smallpox  and  ehickenpox  and  between  scarlet 
fever  and  measles  made  by  Arabian  physicians  of  the  ninth  and  tenth 
centuries  holds  good  today.  Because  bacteria  and  protozoa  are  low 
forms  of  life,  it  has  been  assumed  that  they  are  especially  liable  to 
marked  mutations,  involving  alterations  in  chemical  composition,  and, 
what  is  of  more  importance  so  far  as  pathogenic  organisms  are  con- 
cerned, in  their  effects  upon  man.  In  our  opinion,  this  assumption  is  not 
warranted  by  any  facts  which  can  be  gathered  in  a  study  of  the  history 
of  disease.  The  pathogenic  viruses,  so  far  as  their  history  is  revealed 
by  a  study  of  their  effects  upon  man,  have  undergone  no  radical  muta- 
tion, certainly  not  in  function,  within  the  centuries  covered  by  human 
record.  There  may  be  new  diseases  developing  from  time  to  time.  We 
have  no  data  which  would  justify  a  negation  of  this,  but,  so  far  as  his- 
torical evidence  gives  us  information,  we  may  say  that  the  so-called 
discovery  of  new  diseases   has  resulted   from  a   differentiation   of   dis- 
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eases.  Cerebrospinal  meningitis,  as  first  recognized  in  Geneva  in  1806, 
is  not  due  to  a  newborn  organism  of  about  that  time  but  had  existed 
for  centuries  and  was  confounded  with  typhus  fever.  This  is  true  of 
the  recognition  of  typhoid  fever,  made  possible  by  the  autopsy  studies 
of  French  and  American  physicians  early  in  the  nineteenth  century. 
The  greatest  progress  in  medicine  has  been  through  correct  diagnosis 
and  improvement  along  this  line  has  followed  the  extension  of  patho- 
logic, chemical,  and  biologic  methods.  Observation  of  symptoms  alone 
was  sufficient  to  enable  Greek  physicians  to  distinguish  between  types  of 
malaria,  and  it  may  be  added  here  that  the  effects  of  the  different  vari- 
eties of  Plasmodia  on  man  show  the  same  differences  today  as  they  did 
2,300  years  ago.  Malaria  in  the  Attic  Plain  of  Greece  is  the  same  today 
as  it  was  at  the  time  of  Aristophanes. 

The  epidemiologist  is  struck  with  another  important  fact.  The  dis- 
eases of  a  given  region  have  remained  very  much  the  same  through  all 
history,  except  w^hen  the  conditions  of  life  are  modified  by  man.  We 
have  taken  occasion  elsewhere  to  call  attention  to  the  fact  that  some  of 
the  most  successful  campaigns  against  disease  have  resulted  incidentally 
and  without  man's  being  conscious  of  the  fact  that  his  doings  would  in 
any  way  improve  the  health  of  his  kind  or  prolong  life.  The  ancient 
Romans,  when  at  great  expense  and  labor  they  introduced  abundant  and 
pure  water-supplies  into  Rome,  so  far  as  we  know,  had  no  idea  that  they 
were  improving  the  health  conditions  of  the  city.  They  were  led  to  do 
these  things  solely  by  their  esthetic  sense  and  from  a  desire  to  make 
their  own  lives  more  comfortable  and  more  luxurious.  They  delighted 
in  baths  and  in  the  play  of  fountains.  Large  areas  of  malarial  lands 
have  been  rendered  healthful  habitations  by  clearing  the  vegetation 
and  by  drainage,  but  in  many  instances  these  works  have  not  been  done 
with  the  idea  of  the  abatement  of  malaria  but  for  the  purpose  of  re- 
claiming the  soil  and  making  it  more  productive.  The  discovery  of  glass 
and  its  utilization  in  windows  have  been  of  undoubted  service  in  decreas- 
ing the  prevalence  of  malaria.  Unlighted  houses  formed  ideal  places 
for  the  assembling  of  anopheles.  It  is  onlj^  within  recent  years  that  man 
has  undertaken  important  works  with  the  direct  object  and  intention 
of  combating  disease.  The  intelligent  reader  will  understand  that  some 
of  man's  attempts  to  improve  his  local  conditions  as  a  means  of  increas- 
ing his  health,  have,  temporarily  at  least,  favored  the  extension  and 
progress  of  disease.  The  rapid  development  of  the  manufacture  of 
paper  in  New  England  in  the  eighties  of  the  last  century  led  to  the  build- 
ing of  dams  for  water  power  and  for  a  while  numerous  mill  ponds,  even 
in  the  Berkshires,  became  breeding-places  for  anopheles  and  led  to  the 
recrudescence  of  malaria  in  that  region.    The  disposition  of  fecal  matter 
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by  water  carriage  and  the  diseliarge  of  untreated  sewage  into  streams 
from  which  cities  and  villages  took  their  drinking  water  led  for  a  time 
to  an  increase  in  the  prevalence  of,  and  the  death  rate  from,  typhoid 
fever. 

We  have  been  led  to  make  the  remarks  recorded  in  the  above  para- 
graphs by  the  fact  that  undulant  fever,  the  subject  of  discussion  in  this 
chapter,  is  an  illustration  of  the  long  continuation  of  a  specific  disease 
in  a  given  region.  That  this  disease  not  only  existed  in  ancient  Greece, 
but  was  described  by  Hippocrates,  there  can  be  no  doubt.  In  his  work  on 
epidemics,  the  father  of  medicine  describes  a  protracted  fever  which 
did  continue,  in  some  instances,  as  long  as  120  days  and  which  was 
marked  by  the  exacerbations  and  remissions  characteristic  of  the  dis- 
ease.   He  says: 

"Apyrexia  at  times,  at  others  not;  for  if  the  fever  intermitted  and  was  alleviated 
for  a  little  it  immediately  relapsed  again. ' ' 

Here  we  have  an  illustration  of  the  long-  continuance  of  a  specific  dis- 
ease in  a  given  geographical  area.  Through  the  centuries  when  civiliza- 
tions Avere  born,  grew  into  maturity,  fell  into  senility  and  were  replaced 
by  succeeding  civilizations — during  all  these  ages,  specific  diseases,  of 
which  the  one  now  under  discussion  is  only  an  example,  prevailed  among 
the  inhabitants,  whether  civilized,  semi-civilized  or  barbarian.  Phoeni- 
cian, Carthaginian,  Greek,  Roman,  and  lesser  civilizations,  had  their 
little  days  in  this  region,  but  during  all  this  time  certain  specific  dis- 
eases went  on,  apparently  in  their  uninterrupted  course.  It  seems  that 
Adams,  translator  of  the  works  of  Hippocrates,  had  this  impression 
made  upon  him,  for  he  Avrote: 

''The  couclusious  to  which  a  patient  study  of  modern  authorities  on  the  subject  have 
brought  me,  amount  to  this,  that  the  fevers  described  by  Hippocrates  in  his  epidemics 
are  exactly  the  same  as  those  which  are  now  described  as  still  prevailing  in  the  land 
of  Greece;  and  that  they  correspond  very  well  with  those  described  by  Cleghorn  as 
occurring  in  Minorca. ' ' 

Veale,  writing  of  the  fevers  of  the  Mediterranean  in  1881  and  giving 
special  attention  to  that  form  which  we  are  now  discussing,  thinks  that, 
making  allowance  for  differences  in  modes  of  thought  and  expression  at 
the  time  of  Hippocrates,  his  writings  contain  what  "might  almost  pass 
for  a  brief  description  of  this  disease." 

From  the  time  of  Hippocrates  down  to  the  eighteenth  century  there 
is,  so  far  as  we  know,  no  description  of  Mediterranean  fevers  in  which 
there  is  anything  sufficiently  definite  to  apph'  to  what  is  now  known  as 
Malta  fever.  During  the  eighteenth  century  there  is  an  occasional  men- 
tion of  the  prevalence  of  a  simple,  long  continued  fever  in  the  wards  of 
the  great  hospital  of  the  Knights  of  St.  John  on  the  Island  of  Malta, 
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and  in  1751  Clegliorn  wrote  liis  now  classical  monograph  on  the  fevers 
of  Minorca,  in  which  he  tells  of  the  prevalence  of  an  irregular,  incurable 
and  continued  fever,  marked  by  relapse  after  relapse  and  accompanied 
by  excessive  perspiration  and  upon  which  Jesuits'  bark  had  no  effect. 
In  reporting  an  autopsy  from  this  disease  and  speaking  of  the  spleen, 
he  says  that  this  organ  was 

"so  excessively  soft  and  rotten,  that  it  had  more  the  ai^pearance  of  congealed  blood 
wrapped  in  a  membrane  than  of  the  original  part." 

It  may  be  interesting  to  read  extracts  from  two  authorities  on  the 
hospital  of  St.  John  of  Jerusalem  on  the  Island  of  Malta  as  it  was  in  the 
palmy  days  of  the  reign  of  that  Order.  The  first  extract  is  from  the 
work  of  Howard,  the  philanthropist,  on  the  Lazarettos  in  Europe.  After 
saying  that  the  food  was  served  the  patients  from  silver  bowls,  this 
author  adds: 

•'The  number  of  patients  in  this  hospital  during  the  time  I  was  at  Malta  (March  29 
to  April  19,  1786)  was  from  five  hundred  and  ten,  to  five  hundred  and  thirty-two.  These 
were  served  by  the  most  dirty,  ragged,  unfeeling  and  inhuman  persons  I  ever  saw.  I 
once  found  eight  or  nine  of  them  highly  entertained  with  a  delirious  dying  patient. 
The  governor  told  me  they  had  only  twenty-two  servants,  and  that  many  of  tJiem  were 
debtors  or  criminals,  who  had  fled  thither  for  refuge.  At  the  same  time  I  observed 
that  near  forty  attendants  were  kept  to  take  care  of  about  twenty-six  horses  and  the 
same  number  of  mules,  in  the  grand  master's  stables;  and  that  there  all  was  clean.  I 
cannot  help  add,  that  in  the  center  of  each  of  these  stables,  there  was  a  fountain  out  of 
which  water  was  constantly  running  into  a  stone  basin ;  but  that  in  the  hospital,  though 
there  was  indeed  a  place  for  a  fountain,  there  was  no  water.  *  *  *  The  slow  hospital 
fever   (the  inevitable  consequence  of  closeness,  uneleanliness  and  dirt)  prevails  here. ' ' 

The  second  extract  is  from  Boisgelin,  himself  a  Ivnight,  in  his  work 
on  Ancient  and  Modern  Malta,  in  which  he  writes  concerning  the  hos- 
pital, as  follows: 

"The  hospital  consists  of  several  large  airy  apartments,  and  of  immense  storehouses, 
which  would  contain  four  times  the  number  of  beds  at  present  employed.  This  asylum 
is  constantly  open  for  the  reception  of  the  sick  of  all  countries  and  religions;  who  are 
treated  with  every  possible  attention;  and  furnished  with  medicines  and  comforts  of 
every  kind.  The  Knights  not  only  inspect  the  different  branches  of  the  administnation 
(the  head  of  which  is  one  of  the  first  dignitaries  of  the  Order),  but  successively  attend 
the  sick,  of  whom  more  than  2,000  are  annually  discharged  cured  from  the  hospital. 
The  utensils  employed  are  almost  all  silver;  but  of  such  plain  workmanship  as  suffi- 
ciently proves  that  this  magnificence  was  adopted  from  a  motive  of  cleanliness,  and 
not  as  an  object  of  luxury." 

After  the  English  occupation  of  Malta  (1800)  a  vast  volume  of  litera- 
ture on  fevers  prevalent  on  the  Islands  and  Coasts  of  the  Mediterranean 
began  to  appear.  Through  all  of  these  contributions  it  is  evident  that 
the  specific  fever  now  known  as  Malta  fever  was  prevalent  throughout 
the  Mediterranean  region.  Marston,  who  was  stationed  on  the  Island 
of  Malta  for  a  period  covering  the  Crimean  War,  was  the  first  to  differ- 
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entiate  wliat  is  now  known  as  Malta  fever  from  other  fevers  seen  at 
Malta  and  at  other  places  on  the  Mediterranean  Coast.  Marston's  pa- 
per is  full  of  interest  all  the  way  through.  He  clearly  differentiates 
between  typhus  and  typhoid  fevers.  In  his  opinion  concerning  the 
causation  of  typhoid,  he  seems  to  have  been  a  somewhat  reluctant  disciple 
of  Budd,  who  at  that  time  was  teaching  the  specific  and  contagious  na- 
ture of  this  disease.  While  Marston  was  inclined  to  follow  the  teaching 
of  Budd,  he  reserved  the  belief  that  typhoid  fever  might,  under  certain 
circumstances,  originate  spontaneously  or  de  novo.  However,  our  pres- 
ent purpose  is  not  to  discuss  typhoid  fever,  but  to  ascertain  what  Mar- 
ston said  concerning  what  is  now  known  as  Malta  fever.  He  discussed 
this  disease  under  the  names  of  Mediterranean  remittent  and  gastric 
remittent  fever.     He  wrote  in  part  as  follows : 

''By  this  is  meant  a  fever  characterized  by  the  following  symptoms  and  course:  A 
preliminary  stage  of  subacute  dyspepsia,  anorexia,  nausea,  headache,  feeling  of  weak- 
ness, lassitude,  an  inaptitude  for  exertion,  mental  or  physical,  chills,  muscular  pains; 
lastly,  a  fever,  having  a  very  long  course — three  to  five,  or  ten  weeks — marked  by 
irregular  exacerbations  and  remissions,  great  derangement  of  the  assimilative  organs, 
tenderness  in  epigastric  region,  splenic  enlargement,  slight  jaundice,  without  any  ex- 
anthem.  Neither  bronchitis  nor  diarrhea,  as  a  rule.  The  patient  is  prone  to  relapses, 
and  the  disorder  is  followed  by  a  protracted  convalescence  and  a  chloroanemic  aspect. 
Very  frequently  also  by  rheumatism  of  some  form  or  other,  but  without  any  tendency 
to  lesion  of  the  peri-  or  endocardial  membranes.  Pathologically,  it  is  marked  by  con- 
gestion or  inflammation,  with  softening  of  the  enteric  mucous  membrane,  (particularly 
that  of  the  stomach  and  duodenum),  without  any  lesion  of  the  Peyerian  follicles,  but 
with  hypertrophies  of  the  liver  and  spleen. 

''There  is  no  fever  so  irregular  as  this  in  its  course  and  symptoms.  The  disease 
prevails  particularly  during  the  spring  and  summer  months,  (less  so,  during  the 
autumnal  period  of  the  year),  and,  generally,  during  years  in  wliich  the  typhoid  form 
is  in  abeyance.  It  replaces,  and  is  in  turn  replaced  by  that  fever  (typhoid),  and, 
sometimes  occurs  concurrently  with  it. 

"The  natives  of  the  place  are  affected  in  a  much  less  degree  than  those  temporarily 
residing  here;  and,  of  these  latter,  the  older  residents  appear  to  evince  the  gi'eatest 
proclivity  to  the  disease. 

"It  affects,  par  excellence,  young  men,  under  thirty-five,  particularly  those  of  rheu- 
matic diathesis;  next  in  frequency  children;  most  infrequently,  the  aged.  To  enter 
into  the  description  of  its  symptoms  more  in  detail: — There  is  invariably  a  preceding 
stage  of  dyspepsia,  of  indefinite  duration,  irregular  bowels,  acid  eructations;  disinclina- 
tion for  food,  lowness  of  spirits  and  restlessness  at  night.  Upon  this  state  pyi-exial 
symptoms  supervene,  sometimes  suddenly,  so  as  to  resemble  an  attack  of  intermittent, 
and  the  patient  seeks  the  hospital.  The  febrile  symptoms  are  particularly  prone  to 
remissions  of  an  irregular  type.  Almost  invariably  there  is  a  nocturnal  exacerbation, 
ending  in  diaphoresis — often  profuse.  The  pulse,  rarely  below  SO,  often  reaches  120, 
soft  and  voluminous.  The  dyspeptic  symptoms  are  well  marked — vomiting  or  nausea 
is  generally  present;  pain,  three  to  four  hours  after  eating,  referred  to  the  esophagus 
and  stomach;  invariably  anorexia.  The  patient  hawks  up,  in  the  morning,  quantities 
of  mucus,  occasionally  mixed  with  a  little  blood.  This  appears  to  come  from  the 
pharynx.     Hematemesis  is  rare.     The  tongue  is  large,  flabby,   with  slightly  reddened 
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periphery,  and  covered  with  a  whitish-yellow,  or  a  very  thin  semi-opaque  fur.  What 
rarely  happens  in  pyrexial  diseases,  the  tong-ue  in  this  is  sometimes  sodden  and  marked, 
laterally,  by  impressions  of  the  teeth.  It  becomes  glazed  during  the  progress  of  the 
disorder.  The  tonsils  are  generally  slightly  congested,  and  their  follicles  prominent. 
A  diseased  state  of  the  velum  palati  is  often  present.  This  part  is  relaxed  and  con- 
gested, and  sometimes  presents  numerous  minute  opaline  spots  (aphthae),  or  a  thia, 
translucent,  whitish  exudation,  which  peels  off,  leaving  a  glazed  reddened  surface.  A 
similar  coating  is  occasionally  found  upon  the  gums,  which  then  look  spongy  and 
project  between  the  neighboring  teeth.  Sometimes  an  appearance  not  unlike  that  of 
stomatitis  ulcerosa  appears.  A  highly  intelligent  military  surgeon  conceived,  from  the 
appearance  of  the  gums  in  some  cases,  that  a  scorbutic  condition  of  blood  was  present, 
and  prescribed  according'ly,  without  the  least  benefit  however.  The  semi-opaque  fur 
becomes  a  favorite  nidus  for  the  development  of  vegetable  germs  (the  oidium  albicans). 
The  saliva  has  generally  an  acid  reaction  to  litmus. ' ' 

At  autopsy,  Marston  found  the  most  common  abnormality  consists 
of  an  enlarged  spleen,  the  parenchyma  of  which  is  softened  and  en- 
gorged with  extravasated  blood.  This  author  has  given  a  lucid  descrip- 
tion of  a  mild  attack  of  Malta  fever,  from  which  he  himself  suffered. 
During  the  Crimean  AVar,  Malta  was  used  as  a  depot  for  troops,  both 
going  to  and  coming  from  the  war  area.  Quite  naturally,  at  this  time 
the  hospitals  on  the  Island  were  filled  with  those  suffering  from  the 
various  diseases  acquired  either  in  their  home  countrj^  or  in  the  war 
zone.  Among  the  febrile  cases  there  were  many  of  the  disease  which  we 
are  now  discussing,  and  some  have  suggested  that  this  specific  disease 
was  first  brought  to  the  Island  of  Malta  at  that  time.  Marston  and  oth- 
ers have  shown  that  this  view  is  unfounded  and  that  the  disease  had 
existed  on  the  Island  and  in  other  islands  and  on  the  shores  of  the  Med- 
iterranean from  time  immemorial.  Before,  and  for  some  time  after 
Marston 's  clear  demonstration  that  this  is  a  specific  disease,  it  was  con- 
founded on  the  one  hand  with  malarial  fevers,  from  which  it  should  be 
easily  distinguished  bj^  the  irregularities  in  its  intermissions,  and  on  the 
other  hand  with  typhoid  fever,  from  which  it  differs  markedly  in  mode 
of  onset,  progress  of  symptoms,  duration,  and  fatality,  to  say  nothing  of 
the  very  clear  and  constant  differences  in  postmortem  findings.  In  1879 
Veale,  studying  the  symptoms  and  making  autopsies  of  febrile  soldiers 
invalided  home  from  Mediterranean  stations,  confirmed  Marston 's  claims 
and  made  even  clearer  distinctions  betAveen  undulant  fever  on  the  one 
hand  and  malarial  and  typhoid  fevers  on  the  other.  It  may  be  said  that 
Veale  fully  established  the  specificity  of  this  disease  from  a  study  of 
its  symptomatology  and  pathology.  It  remained,  however,  to  discover 
its  specific  cause.  In  the  same  year  that  Veale 's  paper  appeared,  Fazio, 
under  the  name  of  Neapolitan  fever,  described  in  detail  the  nature  of 
the  disease  and  pointed  to  the  probability  that  it  would  be  found  to  be 
due  to  some  specific  microorganism. 
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Veale's  article,  founded  upon  a  study  of  the  clinical  symptoms  and 
postmortem  findings  in  a  hospital  in  England  receiving  invalided  sol- 
diers from  Mediterranean  ports,  so  forcibly  illustrates  the  value  of  close 
observation  in  the  differentiation  of  diseases  at  a  time  when  we  knew 
but  little  concerning  pathogenic  bacteria  that  we  are  led  to  make  a 
further  reference  to  his  work.  In  the  English  hospital  among  the  in- 
valided soldiers,  this  medical  man  had  to  deal  with  typhus,  typhoid, 
malaria,  remitting  fevers  and  others,  some  of  which  could  not  be  classi- 
fied. After  making  these  studies  and  detailing  his  observations,  Veale 
came  to  the  conclusion  that  he  had  among  his  patients  cases  of  not  only 
well-known  and  typical  fevers,  but  some  suffering  from  a  specific  dis- 
ease not  at  that  time  clearly  recognized.  He  then  asked  himself  what 
can  be  the  cause  and  what  the  nature  of  this  disease.     We  quote: 

"What  then  is  its  cause  and  what  is  its  nature?  To  these  questions  the  answers 
can  as  yet  be  only  negative.  That  it  is  not  our  enteric  fever  appears  certain,  from 
the  fact  that  it  has  neither  its  clinical  form,  nor  its  mortality,  nor  its  specific  anatomi- 
cal lesion;  that  it  is  not  a  malarial  fever  seems  proved  by  its  absolute  resistance  to 
quinin,  by  its  protracted  duration  after  removal  of  the  suiferers  from  a  malarial 
locality,  as  well  as  by  its  different  aspect  and  progress  throughout;  that  it  is  not 
relapsing  fever  may  be  concluded  from  the  positive  facts  that  it  is  neither  epidemic 
nor  contagious,  and  that  it  has  a  different  mode  of  invasion  as  well  as  of  evolution, 
■  and  from  the  neg-ative  fact  that  no  spirilla  have  hitherto  been  found  in  the  blood 
during  the  periods  of  relapse;  and  that  it  is  not  dengue,  any  one,  I  thiiik,  may 
satisfy  himself  by  perusing  a  description  of  the  latter  disease.  It  certainly  has  very 
little  resemblance  to  the  dengue  that  I  have  seen. ' ' 

In  1886  Bruce  began  on  the  Island  of  Malta  his  bacteriologie  studies 
of  this  disease  which  have  led  not  only  to  the  discovery  of  the  specific 
organism  and  the  avenues  by  which  it  is  transmitted,  but  have  placed 
in  the  hands  of  medical  men  in  all  parts  of  the  world  the  methods  by 
which  it  can  be  positively  and  scientifically  diagnosed  and  differentiated 
from  other  diseases.  In  the  spleen  of  a  patient  who  died  on  the  fifteenth 
day  of  the  disease,  Bruce  found  enormous  numbers  of  single  micrococci 
scattered  through  the  tissue.  Even  when  not  permitted  to  make  an 
autopsy  he  succeeded  in  withdrawing  some  of  the  spleen  pulp  through 
a  sterilized  trocar  and  demonstrated  the  organism  in  the  tissue  thus 
secured.  Later  he  found  that  he  could  cultivate  this  organism  on  agar. 
Monkeys  inoculated  with  pure  cultures  developed  the  disease,  which, 
in  these  animals,  runs  a  course  quite  similar  to  that  observed  in  man.  In 
one  monkey  the  fever,  with  the  characteristic  irregular  waves,  persisted 
for  94  days,  after  which  the  animal  completely  recovered  and  lived  in 
good  health  for  three  years,  when  it  was  killed  by  a  dog.  Some  of  the 
monkeys  died,  and  in  these  the  pathologic  conditions  and  the  distribii- 
tion  of  the  microorganisms  were  found  to  be  much  the  same  as  they  are 
in  man.     It  has  been  shown  experimentally  that   goats,   coavs,  horses, 
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asses,'  and  fowls  may  carry  the  organism  for  long  periods  of  time  with- 
out suffering  recognizably  therefrom. 

Present  Distribution. — Armed  by  Bruce 's  discoveries,  with  the  pro- 
cedures necessary  to  make  a  positive  diagnosis,  physicians  in  various 
parts  of  the  world  have  demonstrated  the  wide  distribution  of  this  dis- 
ease. It  has  been  found  on  all  the  Mediterranean  Islands  and  in  all 
countries  bordering  upon  this  Sea.  On  the  mainland  it  has  been  found 
not  only  at  seaports,  but  in  regions  far  inland;  at  least,  this  has  been 
found  to  be  true  in  France,  Spain,  Italy,  Greece,  Egypt,  Tripoli  and 
Algeria.  There  are  endemic  areas  in  northern  India  and  in  China. 
Craig  and  other  American  Army  officers  have  recognized  it  in  the  Phil- 
ippines, and  it  is  probable  that  many  United  States  soldiers  carrying 
this  infection  have  been  invalided  home.  In  Africa  it  became  highly 
prevalent  on  the  Cape,  in  the  Transvaal,  and  in  the  Orange  Free  State, 
following  the  Boer  War.  In  northern  Africa  there  are  endemic  centers 
in  the  Sudan,  in  Uganda,  along  the  Blue  Nile  and  about  Lake  Chad. 
In  the  United  States  there  is  an  endemic  area,  probably  of  considerable 
antiquity,  in  Texas,  extending  into  New  Mexico.  It  will,  of  course,  be 
understood  that  Malta  fever  may  be  seen  at  all  seaports  receiving  pas- 
sengers from  endemic  centers,  but  we  are  now  discussing  those  areas  in 
Avhich  the  disease  is  indigenous.  In  1905  Craig  reported  a  case  of  this 
fever  in  a  nurse  in  a  hospital  in  Washington.  It  was  thought  that  she 
became  infected  in  taking  care  of  soldiers  from  the  Philippines.  In  the 
same  paper,  this  author  reports  nine  cases  of  the  disease  in  soldiers  who 
became  infected  in  the  Philippines.  Some  years  later  Ferenbaugh,  sta- 
tioned at  Del  Rio,  Texas,  reported  five  cases  among  persons  engaged  in 
the  goat  raising  industry  along  the  Pecos  River.  Further  cases  in  the 
same  region  were  reported  by  Ferenbaugh  and  Gentry.  Texas,  New 
Mexico,  and  Arizona  are  the  chief  goat  raising  states  in  the  Union,  and 
the  flocks  of  this  animal  have  been  replenished  from  time  to  time  by 
importations  from  Malta  and  other  Mediterranean  ports.  Mohler  and 
Eichhorn,  of  the  U.  S.  Bureau  of  Animal  Industry,  state  that  in  1905  the 
Department  of  Agriculture  brought  goats  from  the  Island  of  Malta  to 
this  country  for  the  purpose  of  establishing  a  goat-milk  industry.  On 
examination,  many  of  these  animals  were  found  to  carry  the  Micrococ- 
cus melitensis  and,  as  a  result  of  this  discovery,  the  imported  goats  and 
their  offspring  so  far  as  possible  were  destroyed.  However,  that  was  not 
the  first  time  that  goats  from  Mediterranean  ports  had  been  brought 
into  the  United  States,  and  it  is  more  than  probable  that  in  1905  undulant 
fever  had  been  planted  in  more  than  one  part  of  the  United  States.  In 
1911  Ferenbaugh  and  Gentry  found  that  34.7  per  cent  of  the  goats  ex- 
amined by  them  at  Langtry,  Texas,   gave  the  agglutination  test  with 
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the  Micrococcus  melitensis.  According  to  Yount,  the  State  Board  of 
Health  of  Arizona,  issued  a  circular  on  Malta  fever  in  1912,  in  vs^hich  the 
following  precautions  v^^ere  advised : 

''(1)  All  goat's  milk  should  be  boiled  or  brought  to  tlie  boiling  point  before  it  is 
used  for  drinking  pui-poses,  on  cereals,  or  in  coffee.  (2)  All  goat  corrals  or  bedding 
grounds,  should  be  located  at  a  distance  from  the  residence.  (3)  Avoid  sleeping  in  or 
near  goat  corrals.  (4)  After  handling  goats  always  wash  the  hands  well  with  soap 
and  water  before  eating." 

Bassett-Smith  states: 

"In  Texas  and  New  Mexico  the  disease  has  been  known  as  mountain  or  'slow  fever' 
for  at  least  25  years,  and  is  always  found  among  people  employed  in  goat  rearing,  the 
cases  being  most  common  after  the  kidding  season  during  April,  May  and  June." 

The  Micrococcus. — Micrococcus  melitensis  generally  appears  as  a  typ- 
ical coccus,  though  it  may  be  elongated,  justifying  the  designation  of  a 
cocco-bacillus.  Branching  forms  or  bacillary  forms  are  quite  numerous 
on  certain  culture  media,  and  Hiss  and  Zinsser  believe  that  they  are 
justified  in  naming  this  organism  Bacillus  melitensis.  Diplococci  and 
streptococcic  chains  are  frequently  seen.  The  organism  grows  well  on 
slightly  alkaline  media  kept  at  a  temperature  of  from  37°  to  38°  C.  Be- 
tween 40°  and  42°  C.  growth  is  arrested,  and  above  42°  C.  the  organism 
dies.  The  temperature  range  of  growth  outside  the  animal  body  runs 
from  15°  to  42°  C. 

For  the  purpose  of  securing  agglutinating  sera,  rabbits  are  treated 
with  subcutaneous  inoculations  of  living  cultures.  From  three  to  six, 
sometimes  more,  such  inoculations  are  given  at  intervals  of  from  three 
to  five  days.  After  such  a  course  of  treatment  the  sera  of  these  animals 
are  found  to  agglutinate  cultures  of  M.  melitensis  in  dilutions  of  from 
1-60  to  1-2000.  So  far  as  we  know,  high  agglutinating  sera  (1-2000)  are 
but  rarely  obtained.  Sera  thus  prepared  are  used  for  diagnostic  pur- 
poses and  for  the  dii¥erentiation  between  strains  of  this  organism,  of 
which  at  least  five  are  now  recognized.  One  of  these  strains  is  known 
as  M.  paramelitensis,  while  others  have  no  distinctive  names  and  are 
distinguished  only  by  numbers.  In  1912  Negre  and  Ranaud  described 
a  M.  pseudomelitensis,  which  can  be  differentiated  from  the  strains  of 
the  true  organism  by  agglutination  and  absorption  tests.  These  agglu- 
tinating tests  may  be  applied  to  the  sera  of  the  sick  for  diagnostic  pur- 
poses and  to  either  the  milk  or  the  sera  of  goats  and  cows  in  order  to 
ascertain  whether  or  not  these  animals  bear  the  infection.  Bassett-Smith 
gives  the  following  points  to  be  observed  in  the  preparation  and  use  of 
these  sera : 

''  (1)  The  culture  to  be  used  should  be  proved  to  be  active  with  known  specific  sera 
and  should  not  agglutinate  with  other  sera.  The  use  of  a  paramelitensis  strain  would 
fail  to  agglutinate  in  high  dilutions  with  a  true  uudulant  fever  serum  and  give  rise  to  a 
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negative  eiTor.  (2)  As  recommeuded  by  Negre  and  Eanaud^  heated  and  untreated  serum 
should  be  tested,  the  former  cutting  out  the  nonspecific  agglutinins  and  preventing  a 
positive  error  in  nonundulant  cases.  (3)  The  test  should  always  be  carried  to  high 
dilutions,  up  to  1  in  400,  to  avoid  paradoxical  reaction. ' ' 

In  making  a  diagnosis  of  this  disease  in  man,  tlie  best  method  is  to 
draw,  under  aseptic  precautions,  from  one  to  five  c.c.  of  blood  and  dis- 
tribute this  in  two  flasks  of  nutrient  broth.  After  incubation,  subcul- 
tures should  be  made  on  agar.  Three  days  later  good  growths  may  be 
obtained  and  employed  \^dth  a  specific  serum  in  making  the  agglutina- 
tion tests.  It  will  be  understood  that  a  control  test  with  normal  blood 
and  the  specific  serum  should  always  be  employed.  As  is  done  in  the 
agglutination  test  for  typhoid  fever,  emulsions  of  the  micrococcus  killed 
with  formalin  may  be  kept  in  stock  and  employed  in  the  place  of  fresh 
cultures.  Bassett-Smith  has  used  the  agglutination  test  in  cases  of  un- 
dulant  fever  in  normal  individuals  and  in  those  suffering  from  other 
diseases.  Out  of  65  control  sera,  tested  with  five  strains  of  M.  melitensis, 
there  was  only  one  positive  reaction.  Out  of  150  sera  from  patients,  in 
a  naval  hospital,  suffering  from  a  variety  of  diseases,  four  gave  a  pos- 
itive test,  and  it  was  found  that  these  had  been  previously  under  treat- 
ment for  a  fever  at  a  Malta  hospital.  In  determining  the  presence  of 
this  disease  in  cows  and  goats,  reliance  is  generally  placed  upon  the 
lacto-reaction  or  the  agglutination  of  milk  with  a  specific  germ.  Em- 
ploying this  test  on  the  goats  of  Malta  in  1912,  Zammit  found  that  fifty 
per  cent  of  them  carried  the  infection.  In  the  same  year,  Nicolle  found 
thirty  per  cent  of  the  milch  goats  of  Tunis  infected  and  Coner  and  Huon, 
thirty-four  per  cent  in  Marseilles,  while  Sergent  found  only  3.4  per  cent 
infected  in  the  Algerian  herds. 

The  micrococcus  in  infected  men  and  animals  appears  to  be  largely 
eliminated  through  the  urine.  In  some  instances  this  excretion  fur- 
nishes a  pure  culture  and  the  organism  may  be  obtained  by  spreading  a 
few  drops  of  the  urine  on  agar  and  incubating.  Although  this  is  some- 
times used  as  a  diagnostic  test,  a  negative  result  does  not  exclude  the 
possibility  of  the  existence  of  the  disease.  Elimination  of  the  organ- 
ism through  the  urine  permits  a  single  infected  animal  when  added  to 
an  uninfected  herd  to  pollute  the  pasturage  upon  which  the  animals 
feed.  It  should  be  understood  that  animals  carrying  this  infection  usu- 
ally appear  to  be  quite  healthy  and,  indeed,  there  is  no  positive  proof 
that  this  micrococcus  is  accountable  for  any  disease  in  goats,  although 
it  has  been  observed  by  Negre  that  infected  herds  show  an  unusually 
large  proportion  of  cases  of  chronic  mastitis. 

Transmission. — It  is  probably  true  that  no  parts  of  the  earth's  crust 
have  been  so  long,  so  continuously,  and  so  abundantly  polluted  and  so 
heavilv  saturated  with   the   excretions   of  man   and   animals   as   certain 
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Mediterranean  stations.  Take  the  Island  of  Malta  for  instance,  the 
station  which  gives  its  name  to  this  disease,  and  history  shows  its  occu- 
pation by  all  kinds  and  conditions  of  people  from  the  earliest  historical 
time,  and  even  beyond  that  tradition  points  to  a  like  occupation  extend- 
ing backward  through  unknown  centuries.  The  Knights  of  St.  John 
occupied  Malta  from  1530  to  1798.  Some  of  the  buildings  they  con- 
structed were  used  as  barracks  and  hospitals  when  Marston  collected 
within  their  walls  the  data  which  enabled  him  to  show  that  he  was 
dealing  with  a  specific  disease.  After  the  specificity  of  the  disease  had 
been  demonstrated  it  was  quite  natural  to  conclude  that  it  had  its 
cause  and  originated  in  the  grossly  insanitary  condition  of  the  Island. 
It  was  believed  that  in  order  to  exterminate  the  disease  it  would  be 
necessary  to  remove,  so  far  as  possible,  the  accumulations  of  filth  from 
the  soil,  water  and  air,  or,  at  least  to  prevent  the  further  pollution  of 
these  essential  environments  of  life.  English  sanitarians  went  to  work, 
constructed  sewers,  brought  in  pure  water-supplies,  and  drained  the 
small  marsh  areas  which  bordered  some  of  the  harbors.  The  conditions, 
not  only  of  soldiers  and  sailors  in  garrison,  but  of  the  civil  population 
of  the  Island,  were  greatly  improved.  Typhoid  fever  was  greatly  re- 
duced both  in  incidence  and  in  death  rate,  but  improved  sanitation  ap- 
parently had  no  efl^ect  upon  undulant  fever ;  indeed,  the  first  steps  in 
the  improvement  of  the  sanitation  of  the  Island  Avere  accompanied  and 
followed  by  an  increase  in  the  prevalence  of  Malta  fever.  This  was 
true  not  only  on  the  Island  of  Malta,  but  at  other  Mediterranean  ports. 
In  1899  Bruce  wrote  the  following: 

' '  It  is  curious  that  the  introduction  of  the  system  of  removal  of  excreta  by  sewers  has 
been  looked  upon,  rightly  or  wrongly,  as  coinciding  with  an  excessive  development  of 
this  fever  in,  Valetta,  Naples  and  Catania.  Eugenio  Fazio,  in  writing  of  the  Neapolitan 
fever,  states  that  from  the  time  the  old-fashioned  emptying  of  cesspools  was  suppressed 
and  the  house  drains  were  carried  into  the  main  sewers,  which  had  previously  been  used 
for  the  carrying  off  of  rain  water,  the  hygienic  condition  of  Naples  w-as  changed.  The 
fecal  materials  being  collected  in  a  cloacal  system  which  was  not  well  constructed — 
being  not  only  deficient  in  downfall,  but  also  in  water  for  flushing^there  stagnate  and 
infiltrate  the  subsoil,  especially  as  this  is  a  porous  rock,  whence  are  poured  into  the 
atmosphere  the  products  of  putrid  fermentations. 

''Tomaselli  writes  in  the  same  manner  concerning  the  fever  in  Catania.  He  states 
that  its  occurrence  and  causation  seemed  to  have  some  connection  with  local  sanitary 
conditions,  which  had  been  modified  by  the  introduction  into  the  public  streets  of  the 
sewer  system,  and  the  first  outbreak  corresponded  in  fact  with  the  epoch  of  this  Teform. 
In  his  opinion  the  immense  quantity  of  the  results  of  decomposing  organic  matter 
which  is  developed  in  these  sewers,  and  finds  its  way  out,  must  be  placed  in  the  front 
rank  of  causation.  He  is  certain  that,  under  the  existing  circumstances  in  which  there 
is  scarcity  of  water  for  flushing  purposes,  the  city  of  Catania  lies  under  the  malign 
influence  of  a  poisonous  miasma,  which  is  continually  given  off  from  these  subterranean 
sources.     In  like  manner  it  was  fashionable  in  1886  in  Valetta,  Malta,  to  blame  the 
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introduction  of  a  general  system  of  drainage  for  the  great  increase  in  the  number  of 
cases  of  this  fever  during  the  two  years  in  which  the  system  had  been  in  operation. 
Among  the  soldiers  this  increase  had  certainly  been  very  marked.  And  as  it  appears 
that  the  sewei's  were  in  operation  before  an  efficient  method  of  flushing  was  introduced, 
Tomaselli's  words  in  regiard  to  Catania  may  have  been  applied  to  Valetta.  Since  1886, 
due  mainly  to  the  energy  of  Sir  Walter  Hely  Hutchinson,  the  Lieutenant-Governor,  the 
hygienic  condition  of  Valetta  has  much  improved." 

As  late  as  1897,  Hughes,  in  the  most  exhaustive  monograph  on  this 
disease  ever  published,  and  ten  years  after  the  discovery  of  the  micro- 
organism, summed  up  the  studies  as  to  its  causation,  as  follows: 

"So  far  we  have  arrived  at  the  conclusion  that  there  are  reasons  for  believing  that 
undulant  fever  is  caused,  in  the  majority  of  instances,  by  a  specific  micrococcus  emanat- 
ing, during  hot  dry  weather,  from  a  saprophytic  existence  in  soil  polluted  with  the 
feces  of  those  suffering  from  the  same  disease.  Prom  the  fact  that  the  infection 
apparently  travels  through  the  air,  and  that  the  initial  symptoms  are,  as  has  been 
recently  noticed  in  certain  other  diseases,  tightness  in  the  throat,  redness  and  tenderness 
of  the  tonsUs  with  often  a  coating  of  translucent  fur,  a  furred  tongue,  slight  swelling 
of  submaxillaiy  and  cervical  lymphatic  glands,  epigastric  tenderness,  anorexia,  nausea, 
and  even  vomiting,  pain  and  stiffness  of  the  muscles  of  the  neck  and  back,  it  is  not 
unlikely  that  the  virus  gains  entrance  to  the  human  body  by  means  of  the  inspired  air. ' ' 

The  natural  reservoir  which  contains  the  Micrococcus  melitensis  re- 
mained unknown  until  1905,  when  the  War  Office,  Admiralty  and  the 
Civil  Government  of  Malta  appointed  a  commission,  consisting  of  Ken- 
nedy, Zammit,  and  Horrocks,  to  study  this  disease  and  to  ascertain  the 
path  of  transmission.  This  Commission  made  the  following  highly  im- 
portant discoveries:  (1)  The  micrococcus  is  largely  eliminated  from  the 
body  in  the  urine.  (2)  It  is  capable,  when  the  temperature  limits  are 
not  unfavorable,  of  continuing  its  existence  for  long  periods  extra- 
corporeally.  (3)  The  milk  of  many  goats  agglutinates  cultures  of  Micro- 
coccus melitensis.  (4)  About  fifty  per  cent  of  the  milch  goats  on  the 
Island  of  Malta  carry  the  micrococcus  and  eliminate  it  in  their  milk. 
(5)  Monkeys  and  susceptible  men  fed  on  milk  from  infected  goats  de- 
veloped the  disease  after  a  period  of  incubation  of  14  or  15  days.  (6) 
A  goat  carrying  this  organism  in  its  blood  and  eliminating  it  in  its 
milk  may  remain  in  apparent  health  and  continue  the  elimination  of 
infected  milk  quite  indefinitely.  (7)  An  infected  goat  introduced  into 
an  uninfected  herd  may  infect  others. 

It  should  be  understood  that  the  goat  is  not  the  only  milk-supplying 
animal  which  may  carry  and  distribute  the  infection,  although,  so  far 
as  we  know  at  present,  the  goat  is  more  liable  to  this  infection  than 
any  other  mammal.  Cows,  mares,  and  asses  are  known  to  be  susceptible 
to  the  infection  and  to  eliminate  the  specific  micrococcus  in  their  lac- 
teal secretions.  By  means  of  the  lacto-reaction,  cows  in  endemic  areas 
have  frequently,  been  found  to  be  infected.    Although  Kennedy  obtained 
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positive  reactions  in  three  out  of  22  cows  examined  in  London,  the 
wider  investigation  by  Bassett-Smith  justifies  the  conclusion,  at  least 
until  further  experimental  work  is  done,  that  the  milch  cows  of  England 
do  not  bear  this  infection  and,  so  far  as  we  know,  this  is  true  in  the 
United  States  and  Canada. 

Control. — ^From  what  has  been  said,  it  is  evident  that  the  primary 
essential  for  the  eradication  of  this  disease  in  endemic  areas  is  to  see 
that  no  unsterilized  goat's  milk  is  used.  There  are,  however,  other  ways 
by  means  of  which  infection  may  be  transferred  from  infected  animals 
to  man.     Bassett-Smith   says: 

"As  in  typhoid,  one  must  look  to  the  three  F's — food,  fingers,  and 
flies — as  possible  carriers  of  the  organism." 
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CHAPTER  XVI 

SOME  TREMATODE  INFESTATIONS 

I.  The  Schistosomiases 

Urinary  Schistosomiasis. — Under  the  designation  of  schistosomiasis 
.we  include  a  group  of  diseases  differing  more  or  less  markedly  in  symp- 
tomatology, pathology,  and  geographical  distribution,  but  all  due  to 
closely  related  trematodes  belonging  to  the  order  of  Schistosomatidae. 
It  is  a  question  as  to  how  these  diseases  should  be  classified.  This  may 
be  done  according  to  the  species  of  the  parasite  or  with  reference  to 
the  symptoms,  or  by  taking  into  account  the  geographical  distribution. 
We  have  chosen  a  classification  determined  upon  by  the  part  of  the 
body  most  seriously  and  most  frequently  involved,  and  upon  symptom- 
atology. It  is  a  fact  well  known  through  all  historical  time  that  hema- 
turia was  frequent  among  the  Egyptians,  and  Ruffer  has  demonstrated 
the  presence  of  calcified  eggs  of  the  parasite,  which  we  now  know 
causes  this  hematuria,  in  mummies  of  1250  to  1000  B.C.  During  the  Napo- 
leonic campaign  in  Egypt  (1799-1801)  hematuria  was  a  frequent  mani- 
festation among  the  French  soldiers.  The  cause  of  this  urinary  hemor- 
rhage was  first  determined  by  Bilharz  who,  in  1851,  discovered  in  the 
bladders  and  in  the  urine  of  infected  persons  the  eggs  of  a  trematode 
worm.  In  1859  Cobbold  named  this  worm  "bilharzia, "  and  for  many 
years  the  disease  was  known  as  bilharzia  disease  or  Egyptian  endemic 
hematuria.  It  was  found,  however,  that  Weinland  had  some  years  be- 
fore Cobbold  proposed  this  name,  designated  this  genus  as  Schistosoma, 
and  consequently  the  name  of  the  disease  has  been  changed  to  schistoso- 
miasis. 

In  recent  years  this  disease  has  been  found  widely  distributed  over 
northern  and  central  Africa  and  endemic  in  some  of  the  more  southern 
areas  of  that  continent.  It  is,  hoAvever,  best  known  and  probably  most 
abundant  in  Egypt,  Tunis,  Algiers,  and  Morocco.  It  is  found  in  Asia 
Minor,  Persia,  Mesopotamia,  and  Palestine.  It  has  been  reported  in 
the  islands  off  the  eastern  coast  of  Africa  and  in  some  of  those  of  the 
Mediterranean.  Occasional  cases  have  been  reported  from  the  "West- 
ern Hemisphere,  especially  from  the  West  Indies,  though  more  rarely 
from  both  North  and  South  America,  and  still  more  rarely  over  central 
Europe.  Whether  these  cases  are  identical  with  the  endemic  hematuria 
of  Egypt  and  other  portions  of  Africa  must  be  regarded  as  not  certainly 
determined.     This  is  also  true  of  the  reports  of  the  presence  of  the  dis- 

474 


TKEMATODE   INFESTATIONS  475 

ease  in  Australia.  The  most  characteristic  symptom  of  this  disease  is  a 
hemorrhagic  cystitis,  which  comes  on  gradually  and  increases  in  sever- 
ity. Early  in  the  development  of  the  disease  there  is  usually  only  a 
small  amount  of  blood  eliminated  with  the  last  drops  of  urine.  As  the 
disease  progresses  the  whole  bulk  of  the  urine  may  be  highly  colored 
with  blood,  may  contain  small  clots  and  heavy  blood-stained  deposits 
may  form  on  standing.  Pain  is  not  always  marked  and  with  the  excep- 
tion of  frequency  of  micturition,  a  little  scalding  and  some  straining, 
the  symptoms  may  not  be  severe  and  may  continue  in  this  way  for 
months  and  even  for  years.  In  other  instances  the  severity  of  the  cysti- 
tis becomes  intensified  more  rapidly.  The  urine,  at  first  clear  and  acid, 
undergoes  decomposition  in  the  bladder  and  is  eliminated  with  an  am- 
moniacal  reaction.  Gravel  and  stone  may  be  formed  in  the  bladder  or 
in  the  pelvis  of  the  kidney.  The  mucous  surface  of  the  bladder  becomes 
engrossed  with  deposits  of  phosphates  only  or  of  phosphates  mixed  with 
oxalates  or  uric  acid.  The  walls  of  the  bladder  are  thickened  and  abnor- 
mal growths  in  these  tissues  sometimes  develop.  The  ureters  may  be- 
come clogged,  leading  to  stagnation  of  the  urine,  backward  pressure, 
dilatation  of  the  pelvis,  and  structural  disease  of  the  kidney.  The  blad- 
der may  be  ruptured  and  urinary  fistula,  with  openings  above  the  pubes 
or  in  the  perineum,  may  develop. 

In  the  female,  vaginitis  and  cervicitis  may  result.  Stricture  of  the 
urethra,  with  all  its  discomforting  complications,  may  arise.  Finally, 
the  patient  falls  into  an  anemic  state  and  rapidly  loses  flesh,  or  septi- 
cemia develops  and  terminates  in  death.  While  the  urinary  system 
is  most  frequently  involved  in  this  form  of  schistosomiasis,  there  are  in- 
stances in  which  the  parasites  accumulate  in  other  parts  of  the  body, 
blocking  minute  blood  vessels  and  causing  internal  hemorrhage.  There 
may  be  great  accumulations  of  the  ova  in  the  lungs,  and  these  may  cause 
the  development  of  pneumonia.  In  the  brain  or  cord,  such  accumula- 
tions may  result  in  paralytic  symptoms. 

The  recognition  of  this  disease  is  rendered  easy  by  the  demonstration 
under  a  low  power  microscope  of  the  presence  of  the  ova  in  urinary 
deposits.  Fairley,  by  using  an  extract  of  infected  snails,  has  prepared 
an  antigen  with  which  a  test  may  be  made  after  the  Wassermann  reac- 
tion. It  is  not  likely,  however,  that  this  test  will  need  to  be  widely  em- 
ployed, since  the  microscopic  demonstration  of  the  eggs  in  the  urine  is 
easy.  Christopherson  and  McDonagh  have  shown  that  this  form  of 
schistosomiasis  yields,  with  a  fair  degree  of  satisfaction,  to  the  intra- 
venous injection  of  tartar  emetic.  They  begin  with  %  grain  dissolved 
in  6  c.c.  of  sterile  saline  solution,  and  they  state  that  by  increasing  the 
dose  b}^  %  grain  every  other  day  up  to  a  maximum  of  2%  grains  a  dose 
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the  parasite  can  be  destroyed  after  from  five  to  ten  sucli  doses.  Emetin 
has  been  used  by  Diamantis  by  intramuscular  injection,  and  this  inves- 
tigator claims  that  emetin  is  preferable  to  tartar  emetic  in  children. 

Intestinal  Schistosomiasis. — In  his  original  work  on  the  endemic  hema- 
turia of  Egypt  (1851)  Bilharz  recognized  the  fact  that  Avhile  some  of  the 
ova  of  the  parasite  had  terminal  spines,  others  were  laterally  spined. 
In  1903  Manson  suggested  that  the  laterally  spined  eggs,  which  he  first 
saw  in  examining  a  patient  from  the  West  Indies  who  had  never  visited 
Africa,  might  be  indicative  of  a  different  species.  This  patient  had  had 
at  no  time  any  urinary  trouble  but  had  suffered  from  severe  rectal 
ulcerations.  It  seems  that  urinary  schistosomiasis  is  uncommon  in  cer- 
tain localities  in  Africa,  especially  in  the  Congo  Free  State,  and  has 
never  been  seen  in  Porto  Rico;  while  in  these  countries  intestinal  schis- 
tosomiasis is  found.  The  symptoms  in  this  form  of  the  disease  are  such 
as  would  result  from  pathogenic  changes  in  the  rectum  corresponding 
to  the  hemorrhagic  cystitis  of  the  urinary  form.  The  symptoms  are 
dysenteric,  with  the  stools  containing  mucus  and  blood,  accompanied 
by  tenesmus  and  containing  the  characteristic  laterally  spined  ova. 
Polypoid  protrusions  from  the  mucous  membrane  may  fill  the  rectum 
and  extend  as  high  as  the  sigmoid  flexure.  The  eggs  are  easily  detected 
in  the  stools,  and  may  be  found  in  the  urine  as  well.  It  is  quite  cer- 
tain that  in  Egypt  and  in  other  parts  of  Africa  the  same  individual  may 
carry  and  may  suffer  from  both  of  these  varieties  of  the  parasite. 

Hepatic  Schistosomiasis. — In  1887  Majima  called  attention  to  the  fact 
that  in  a  certain  district  in  Japan,  especially  in  the  region  of  Katayama, 
there  was  occasionally  seen  a  fatal  disease  of  the  liver,  in  which  this 
organ  was  found  to  contain  great  numbers  of  the  ova  of  some  unknown 
parasite.  On  account  of  the  locality  in  which  it  was  first  recognized 
and  where  it  has  continued  to  exist,  this  has  been  called  the  Katayama 
disease.  In  1904  Katsurada  ascertained  that  these  eggs  were  those  of  a 
new  species  of  Schistoma,  which  he  called  Schistoma  japonicum.  The 
most  striking  feature  in  this  form  of  schistosomiasis  is  the  marked  en- 
largement of  the  liver  and  spleen.  The  former  is  nodular  and  when  a 
bit  of  this  tissue  is  digested  in  a  three  per  cent  solution  of  potash,  the 
eggs  of  the  parasite  are  left  in  great  masses.  It  will  be  seen  that  this 
is  a  much  graver  disease  than  other  forms  of  schistosomiasis.  Fortu- 
nately, even  in  endemic  areas  it  is  not  so  frequently  prevalent  and,  be- 
sides, in  many  cases  it  is  slow  in  development.  Manson-Bahr  makes  the 
following  statement  concerning  the  symptoms : 

''The  course  of  the  disease  can  be  divided  into  three  stages.  The  first  occurs  within 
a  short  period  of  infestation  and  lasts  about  a  month.  It  is  associated  with  toxic 
symptoms,  such  as  pjrexia,  urticaria,  abdominal  pain,  paroxysmal  cough/  and  a  high 
eosinophilia    (sixty  per   cent   or  more).      The   second   stage   is   characterized  by   great 
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emaciatiou  and  is  accompanied  by  dysenteric  symptoms  and  enlargement  of  tlie  liver 
and  spleen.  The  third  or  final  stage,  when  it  does  supervene,  occurs  from  three  to 
five  years  after  infestation.  In  this  the  liver  is  cirrhotic  and  enlarged.  Ascites  and 
edema  of  the  extremities  appear,  with  anemia  and  exacerbation  of  the  dysenteric 
symptoms.  The  patient  may  die  of  exhaustion  or  of  some  terminal  infection.  Jack- 
sonian  fits,  due  to  deposition  of  ova  in  the  brain  cortex  and  hemiplegia  have  been 
described. ' ' 

The  Parasites. — Adults  of  these  parasites  have  their  natural  habitat 
in  the  portal  circulation  and  it  was  here  that  Bilharz  discovered  them 
in  1851.  The  male  is  from  12  to  15  mm.  in  length  and  appears  to  be 
cylindrical.  In  truth,  it  is  a  thin,  flat  worm  and  the  cylindrical  form 
is  brought  about  by  approximating  the  margins  ventrally,  much  as  a 
man  would  fold  a  cloak  about  himself.  This  fold,  leaving  spaces  where 
the  margins  do  not  touch,  causes  the  appearance  which  fully  justifies 
the  scientific  name,  Schistosoma  (a  cleft  bodjO-  This  fold  provides  a 
partially  closed  canal,  which  is  occupied  by  the  female  during  copula- 
tion and  is  known  as  the  gynecophoric  canal.  The  surface  of  the  male 
is  covered  with  slightly  elevated  bosses  or  tubercles,  which  enable  the 
parasite  to  cling  to  the  walls  of  the  blood  vessels.  The  male  carries  both 
an  oral  and  a  ventricle  sucker,  which  are  close  together.  There  are  five 
testes  which  lie  within  the  gynecophoric  canal.  The  female  is  longer, 
about  20  mm.,  and  much  thinner,  about  .25  mm.  Both  males  and  females 
may  be  found,  sometimes  in  great  numbers,  in  the  portal  circulation. 
When  the  reproductive  period  approaches,  the  female  enters  the  gyne- 
cophoric canal  Avith  both  head  and  tail  protruding,  and  the  male,  thus 
embracing  his  partner,  traverses  against  the  blood  current  the  inferior 
mesenteric  vein  and  continues  his  journey  until  he  reaches  the  venules 
of  the  bladder.  The  decreasing  diameter  of  the  blood  vessels  forbids 
the  further  advance  of  the  united  pair.  When  this  point  is  reached  the 
female  leaves  the  gynecophoric  canal  and,  by  virtue  of  her  smaller  size, 
she  proceeds  further  along  the  blood  vessels  until  limited  in  her  prog- 
ress by  the  diminishing  size  of  the  venule.  Then  she  begins  to  deposit 
her  eggs  in  the  lumen  of  the  vessel  in  front  of  her  with  a  backward 
movement  as  she  makes  these  deposits.  The  eggs  are  from  .08  to  .15 
micron  in  length  and  from  .04  to  .06  micron  in  breadth.  They  are  oval 
in  shape  and  each  carries  a  terminal  spike,  which  aids  it  in  piercing 
the  wall  of  the  blood  vessel  and  finally  reaching  the  interior  of  the  blad- 
der. As  eliminated  in  the  urine,  the  eggs  contain  ciliated  embryos 
(miracidia).  In  water  the  egg  swells,  ruptures,  and  the  miracidium 
swims  about  freely  in  search  for  a  suitable  snail  and,  having  found  such 
a  host,  the  embryo  enters  and  takes  up  its  residence  in  the  liver. 

Manson-Bahr  makes  the  following  statement: 

"The  exact  nature  of  the  process  by  which  the  ova  leave  the  body  of  the  human 
host  has  been  explained  by   Fairley   and   the   Editor   from   observations   upon   experi- 
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mentallj^  infested  "monkeys  whose  mesenteries  had  been  exposed  under  anesthesia.  The 
paired  worms  travel  against  the  blood  stream  to  the  furthermost  possible  point,  where 
the  female  leaves  her  partner,  and  being  of  a  smaller  diameter,  is  able  by  means  of 
her  suckers  to  progi-ess  until  she  stretches  the  smaller  venules  to  their  uttermost.  The 
ova  axe  now  deposited  with  their  spines  directed  posteriorly  in  front  of  the  anterior 
suckers.  The  female  then  withdraws  a  little  and  repeats  the  process.  On  the  resump- 
tion of  the  blood  current  the  vessel  wall  contracts  upon  the  contained  ova  and  drives 
the  spine  through  the  vessel  wall.  It  would  appear  that  ova,  but  freshly  deposited  in 
this  manner  in  the  submucosa  of  the  bladder,  are  voided  in  the  urine  only  a  few  hours 
subsequently,  and  it  is  due  to  the  rupture  of  these  small  blood  vessels  that  the  blood 
leaks  out  into  the  urine  at  the  same  time. ' ' 

S.  hematobium,  the  species  which  causes  urinary  schistosomiasis,  has 
been  found  to  develop  in  the  following  fresh-water  snails:  BuUinus 
contortus,  B.  dj^bowski,  B.  innesi  and  B.  africanus.  S.  mansoni,  the 
cause  of  intestinal  schistosomiasis,  finds  its  Egyptian  host  of  preference 
in  Planorbis  boissyi,  its  Brazilian,  in  P.  olivaceus,  and  in  Venezuela,  it 
seems  to  be  satisfied  AAdth  either  P.  cultratus  or  P.  guadaloupensis.  S. 
japonicum,  the  cause  of  hepatic  schistosomiasis  is,  according  to  Japan- 
ese authorities,  the  guest  of  certain  species  of  blandfordia. 

In  the  liver  of  the  snail  the  miracidium  becomes  a  smooth  walled  sac 
or  sporocyst  with  daughter  sporocysts,  which  develop  the  larval  forms 
(cercariae).  As  the  name  implies,  the  cercariae  consist  largely  of  tails, 
each  organism  having  two  tails,  constituting  a  large  part  of  the  para- 
site. The  cercariae  leave  the  snail,  swim  freely  in  the  water,  and  are 
able  to  infest  man  by  traversing  either  the  skin  or  the  mucous  mem- 
brane of  the  alimentary  tract ;  in  other  words,  man,  and  indeed  other 
animals,  may  become  infested  with  these  parasites  by  either  external  or 
internal  application  of  water  containing  them.  In  experiments  with 
these  parasites  it  is  quite  important  that  the  investigator  should  refrain 
not  only  from  drinking  the  water  containing  them,  but  from  allowing 
such  water  to  come  into  contact  with  his  skin. 

Prevention. — It  will  be  seen  from  what  has  been  said  concerning  the 
parasites  that  in  infested  countries  one  must  neither  drink  the  water, 
bathe  in  it,  nor  even  allow  it  to  come  into  contact  with  his  body.  Fish- 
ing and  hunting  in  endemic  areas  are  accompanied  by  the  possibility  of 
acquiring  the  infection.  The  disease  might  be  eradicated  by  efficient 
provision  for  the  disposition  of  all  fecal  matter.  Since  even  those  who 
are  not  known  to  be  ill  and,  at  the  time  at  least,  have  no  sign  or  symp- 
tom, may  be  infested,  the  discharges,  both  urinary  and  fecal,  of  all 
must  be  treated  and  rendered  harmless  or  discharged  w^here  there  would 
be  no  possibility  of  infesting  man.  It  should  be  understood  that  it  is 
only  the  fresh-Avater  snail  which  acts  as  a  host  for  this  parasite  and 
there  is  no  danger  even  when  the  water  is  slightly  brackish.  The  indi- 
vidual can  find  protection  in  drinking  only  boiled  water,  in  refraining 
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from  bathing  in  suspected  water  and  in  keeping  Ms  feet  dry  when  he 
walks  abroad.  It  has  been  suggested  by  Leiper  that  schistosomiasis  may 
be  eradicated  by  the  destruction  of  its  snail  hosts.  With  this  in  view, 
he  suggests  the  periodic  drying  of  Egyptian  canals  and  the  use  of  de- 
structive chemicals.  It  is  said  that  the  cereariae  can  successfully  tra- 
verse the  ordinary  municipal  sand-filter  bed  and  that  within  five  hours 
they  can  penetrate  30  inches  of  fine  sand. 

Elgood  and  Cherry  are  quite  sure  that  large  rivers  and  rapidly  flow- 
ing streams  do  not  abound  in  snails  which  act  as  intermediary  hosts  for 
these  worms.  They  hold  that  there  is  but  little  danger  of  infection  from 
drinking  unfiltered  Nile  water  or  from  bathing  in  that  river  and  claim 
that  the  most  dangerous  places,  so  far  as  this  infection  is  concerned, 
lie  in  the  numerous  canals  in  Egypt.  They  state  that  the  cercaria  does 
not  multiply  after  it  has  been  discharged  from  the  snail  into  w^ater  and 
that  such  immense  volumes  of  water  as  the  Nile  carries  can  never  be- 
come charged  with  these  parasites  to  a  dangerous  degree.  Men  who 
have  contracted  the  disease  nearly  always  ascribe  their  infection  to 
bathing  in  a  small  canal  or  in  a  pool  filled  from  the  canal,  while  among 
nearly  1,000  men  who  bathed  freely  in  the  river  during  1916  no  case  of 
the  disease  has  been  reported.  Snails  are  not  easily  seen  on  the  banks 
of  the  Nile  nor  on  the  large  or  middle-sized  canals,  but  on  the  smaller 
channels  which  ramify  through  every  irrigated  field.  The  percentage 
of  fluke  infestation  among  native  children  in  Egypt  under  seven  years 
of  age  is  small,  but  at  the  age  of  sixteen  it  reaches  twenty-five.  Snails  are 
abundant  in  the  irrigation  canals,  whatever  the  source  of  the  Avater 
with  which  they  are  supplied.  On  certain  festival  days,  especially  on 
the  Coptic  Easter  Monday,  Moslem  and  Christian  take  their  children  out 
for  a  good  time,  and  this  consists  largely  in  allowing  those  who  have 
reached  the  age  of  six  or  seven  to  wade  in  the  small  canals  and  ditches 
and  to  remain  in  them  for  a  considerable  time.  These  observers  rec- 
ommend the  introduction  into  Egypt  of  large  numbers  of  domestic  ducks 
which,  in  their  opinion,  would  aid  greatly  in  ridding  the  country  of  the 
fresh-water  snails  whose  existence  is  essential  to  the  life  of  the  parasite. 
They  state  that  all  but  one  of  the  ponds  in  the  Zoological  Gardens  at 
Cairo  are  frequented  by  ducks,  both  tame  and  wild,  and  that  the  only 
pond  in  these  gardens  in  which  snails  can  be  easily  found  is  that  filled 
with  lilies  and  from  which  ducks  are  excluded.  The  keeping  of  ducks 
would  not  be  an  innovation,  but  an  extension  of  native  custom  in  widely 
distant  districts.  Besides,  the  birds  might  become  a  source  of  substan- 
tial profit  to  the  inhabitants  and  a  bonus  could  be  offered  for  the  pro- 
duction of  unusual  individuals.  The  same  writers  call  attention  to  the 
fact  that  of  two  islands  in  the  eastern  Mediterranean — Crete  and  Cy- 
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prus — both  in  close  communication  with  Egypt,  Crete  is  free  from  the 
disease,  whereas  Cyprus  is  badly  infected.  In  the  former  island,  the 
streams  have  their  origin  in  the  mountains  and  flow  rapidly  all  through 
the  summer,  whereas  in  Cyprus  there  are  marshes  and  river  holes  in  the 
summer — splendid  places  for  fresh-water  snails^offering  certain  en- 
ticement as  baths  for  children.  In  some  countries,  even  those  where 
there  is  an  annual  heavy  rainfall,  streams  are  largely  dry  during  the 
summer  and  their  beds  occupied  by  detached  pools  in  which  and  about 
which  snails  abound.  Such  conditions  are  present  in  Venezuela,  in  some 
of  the  West  Indian  Islands,  and  in  Mesopotamia,  all  of  which  are  infected. 
Manson-Bahr  and  Fairley  say  that  the  presence  of  species  of  fresh- 
water snails  known  to  play  a  part  in  the  life-cycle  of  this  parasite  in 
water  should  in  and  of  itself  condemn  the  water  for  drinking  purposes, 
and  they  find  that  the  treatment  of  such  water  with  chlorin  up  to  four 
parts  per  million  does  not  destroy  the  cercariae.  These  investigators 
also  urge  that  hunters  are  not  safe  in  wading  in  infested  waters  at  any 
time  of  the  year.  They  recommend  that  fishers  should  wear  rubber 
boots  extending  above  the  middle  and  that  too  much  trust  should  not 
be  placed  in  these  as  they  may  be  penetrated  by  the  cercariae.  It  seems 
that  mounted  troops  in  Egypt  have  become  infested  by  riding  their 
horses  into  the  water.  Orderlies  supplying  horse  ti'oughs  have  been 
infested. 

II.  Clonorchiasis 

Description. — This  is  an  infestation  with  a  i)arasite,  Clonorchis  sinen- 
sis, independently  discovered  by  McConnell  in  India  and  by  MacGregor 
in  Mauritius  in  1874.  It  is  widely  scattered  over  oriental  countries,  in- 
cluding Korea,  Japan,  Formosa,  China,  and  India.  According  to  Kat- 
surada,  there  are  local  areas  in  central  Japan  in  which  from  fifty  to 
sixty-five  per  cent  of  the  population  are  affected.  The  parasite  is  most 
frequently  found  in  certain  domestic  animals,  notably  cats  and  dogs, 
but  its  behavior  in  these  in  no  way  differs  from  that  which  it  manifests 
in  man.  Its  natural  habitat  is  the  gall  bladder  and  its  ducts.  It  dis- 
tributes itself  to  the  remotest  parts  of  the  liver  where  it  may  form  ab- 
scesses and  otherwise  destroy  the  hepatic  tissue.  As  a  result  of  this 
irritation,  the  liver  is  enlarged,  in  which  it  may  be  accompanied  by 
increased  growth  of  the  spleen.  At  first  it  was  supposed  that  this  para- 
site is  harmless,  but  prolonged  observation  has  demonstrated  that  in- 
fested individuals  develop  chronic  diarrhea,  accompanied  by  a  gradually 
developing  cachexia  with  anasarca  and  a  general  condition  resembling 
that  seen  in  sheep  rot.  It  is  a  slowly  progressing,  but  in  the  end  a 
surely  fatal,  disease. 

The  Parasite. — The   adult   sinensis  measures   from   10   to  20  mm.   in 
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lengtJi  and  from  2  to  5  mm.  in  breadth.  It  is  eliminated  from  the  in- 
testines of  infested  men  and  animals.  The  ova  find  their  way  into  some 
moUusk,  and  then  seek  for  their  second  intermediary  host  some  fresh- 
water fish,  especially  those  of  the  carp  family. 

Prevention. — Avoid  unnecessary  familiarity  with  cats  and  dogs ;  drink 
only  boiled  water;  eat  only  well-cooked  food.  The  possibility  of  the 
contamination  of  vegetables  which  are  eaten  raw  should  always  be  borne 
in  mind;  especially  is  this  of  importance  in  countries  where  fresh  fecal 
matter  is  largely  used  for  the  enrichment  of  garden  soil. 

III.  Paragonimiasis 

Endemic  Hemoptysis 

Description.- — In  1878  Kerbert,  in  making  autopsies  on  two  Bengal 
tigers  dying  in  zoological  gardens,  one  at  Amsterdam,  the  other  at  Ham- 
burg, found  in  their  lungs  a  hitherto  undescribed  parasite.  He  named 
this  parasite  Paragonimus  westermani.  One  year  later,  Ringer  found  a 
similar  parasite  in  the  lungs  of  a  patient  in  northern  Formosa,  and  this 
was  described  and  named  Distomum  ringeri  by  Cobbold  in  1880.  There 
has  been  and  continues  to  be  some  discussion  as  to  whether  the  human 
and  the  animal  parasites  constitute  one  or  two  species,  with  the  weight 
of  opinion  at  present  in  favor  of  two.  Be  this  as  it  may,  the  family 
name  suggested  by  Kerbert  has  the  claim  of  priority  and  is  now  used  to 
designate  the  disease.  In  1880  Baelz  and  Manson,  independently,  found 
the  ova  of  this  parasite  in  the  sputum  of  certain  cases  of  chronic  hem- 
optysis. These  cases  were  seen  in  Chinamen  in  Formosa.  In  1883  Baelz 
found  the  adult  parasite  in  the  lung  and  called  it  Distomum  pulmonale. 
In  1890  Otani  and  Yamagiwa  demonstrated  that  this  parasite  did  not 
confine  its  depredations  to  the  lungs,  but  could  cause  a  general  infec- 
tion. In  1902  Musgrave  described  the  disease  as  seen  in  the  Philippines. 
Since  that  time  it  has  been  shown  by  Japanese  physicians  that  this  para- 
site is  to  be  found  in  a  considerable  proportion  of  the  inhabitants  of 
northern  Formosa.  In  1913-1914  Nakagawa  found  in  this  region  1,249 
cases,  and  estimates  the  number  at  not  less  than  13,000.  It  is  reported 
to  be  most  abundant  among  the  half-savage  tribes  of  the  lowlands  and 
to  grow  less  frequent  as  one  advances  into  the  highlands.  At  present, 
paragonimiasis  is  known  to  occur  in  Japan,  Korea,  China,  Formosa,  and 
the  Philippine  Islands.  It  is  possible,  and  indeed  highly  probable,  that 
as  world  travel  increases  and  peoples  from  the  most  remote  corners  come 
out  and  mingle  with  mankind  at  large,  other  countries  will  show  evidence 
of  invasion  by  this  organism.  The  early  students  of  this  disease  believed 
it  to  be  confined  to  a  peculiar  pulmonary  condition  manifested  by  a 
chronic  cough  and  the  raising  of  blood-stained  rusty  sputum.     In  most 
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instances  the  hemoptysis  is  trifling,  but  in  exceptional  cases  it  is  abun- 
dant, leads  to  marked  anemia,  and  may  threaten  life.  In  these  cases, 
examination  of  the  sputum  under  a  low  power  microscope  reveals  eggs 
from  80  to  100  microns  in  length  and  from  40  to  60  microns  in  breadth. 
It  was  found  that  if  such  sputum  be  allowed  to  stand  for  a  month  or 
six  weeks,  during  which  time  it  is  frequently  shaken  with  fresh  water, 
the  eggs  will  discharge  ciliated  miracidia. 

On  examination  of  the  lungs  of  these  cases  at  autopsy  it  will  be  found 
that  scattered  through  the  tissue  there  are  excavations,  some  of  which 
may  be  as  large  as  a  hazelnut,  with  communicating  tunnels.  These  dis- 
charge into  a  bronchus  and  supply  the  ova  found  in  the  sputum.  Occa- 
sionally there  is  found  in  these  excavations  or  in  the  communicating 
tunnels,  one  or  more  of  the  adult  trematodes.  It  is  noAv  known  that  any 
part  of  the  body  may  be  invaded  by  this  organism;  indeed,  its  distribu- 
tion is  sometimes  quite  general,  leading  to  muscular  pains,  enlarged 
glands,  and  cutaneous  ulcerations.  The  intestinal  walls  may  be  invaded 
and  a  diarrhea,  with  the  eggs  in  the  stools,  may  result.  The  invasion  of 
the  cord  may  be  followed  hy  neuritis  or  paral.ytic  symptoms,  and  the 
presence  of  the  trematode  in  the  brain  may  induce  Jacksonian  epilepsy. 
Musgrave,  who  has  added  greatl.v  to  our  knowledge  of  this  disease,  and 
especially  to  its  pathology,  states  that  the  lesions  may  occur  in  the 
bronchial  or  intestinal  mucosa,  in  the  bile  duct  or  in  the  skin,  and 
that  they  may  be  tubercular,  suppurating,  nonsuppurating  or  ulcera- 
tive. This  investigator  reports  the  finding  of  not  less  than  100  mature 
parasites  in  a  psoas  abscess. 

The  Parasite. — P.  westermani  in  its  adult  form  measures  from  8  to 
20  mm.  in  length  and  from  5  to  10  mm.  in  breadth.  It  has  both  an  oral 
and  a  ventral  sucker.  The  habitat  of  the  adult  is  the  tissue  of  man 
and  other  animals.  As  we  have  seen,  the  eggs  are  coughed  up  and 
may  be  eliminated  with  the  feces.  So  far  as  Ave  knoAv,  they  have  not 
been  found  in  the  urine.  After  elimination  from  the  animal  body,  the 
eggs  find  their  way  into  water  Avhere  they  are  hatched,  producing  free- 
swimming  miracidia.  These  take  up  their  residence  in  an  intermediary 
host,  AA'hich  is  some  species  of  fresh-AA'ater  snail.  In  the  liA"er  of  this 
animal  they  become  sporocysts,  Avith  daughter  sporocysts,  and  CA^entu- 
allj'  escape  into  the  Avater  as  free-SAA^mming  cereariae.  These  seek 
another  host,  AA-hich  is  generally  a  fresh-water  crab,  and  take  up  their  res- 
idence in  the  liver  or  muscles  where  they  multiply.  They  may  find  their 
way  into  man  or  other  animals  in  the  food  or  drink.  AVhen  experi- 
mentally introduced  into  cats  they  apparentlj'  hasten  to  the  lungs  and 
hemoptysis  may  folloAv  Avithin  ten  days. 

Prevention. — The  excretions  of  infected  persons  or  animals  must  not 
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be  permitted  to  find  their  way  into  drinking  water.  "It  will  be  best 
and  safest  not  to  drink  unboiled  water.  It  is  certainly  wise  not  to  eat 
uncooked  snail,  crab,  or  fish,  in  infested  localities.  In  Japan  invasion  is 
generally  attributed  to  the  eating  of  raw  fish,  but  it  is  claimed  that  in 
neither  Korea  nor  Formosa  are  crabs,  snails,  or  fish  eaten  uncooked, 
and  still  in  these  countries  the  disease  is  more  prevalent  than  it  is  in 
Japan.  It  is  an  undecided  question  whether  encystment  in  a  second 
fresh-water  animal  is  a  biologic  necessity  in  the  life-cycle  of  this  parasite. 

IV.  Classification  and  Distribution  of  Trematodes 

With  considerable  modification  of  the  tables  of  Kanter,  we  are  pre- 
senting the  following  condensed  statements  concerning  the  classification 
and  distribution  of  the  known  trematodes: 

Fasciola  hepatica. — A  parasite  of  herbivorous  animals;  causes  rot  in 
sheep;  between  30  and  40  cases  of  human  infection  have  been  reported 
in  Europe;  according  to  Saito,  16%  per  cent  of  the  cattle  in  the  Prov- 
ince of  Okayama,  Japan,  carry  this  parasite ;  it  is  transferred  to  man 
by  the  eating  of  raw  vegetables  and  by  the  drinking  of  contaminated 
water;  according  to  Schilling,  human  infection  is  not  rare  in  Tonkin, 
and  Day  and  Jeffers  bear  similar  testimony  from  observations  in  middle 
China ;  it  is  said  that  in  the  region  of  Lebanon  in  Syria  the  natives  eat 
raw  liver  carrying  this  parasite,  which  attaches  itself  to  the  walls  of  the 
pharynx  causing  a  disease  known  as  ''halzoun." 

Fasciola  gig'antica. — A  giant  form  of  the  preceding;  a  parasite  of 
herbivorous  animals  in  tropical  Africa  and  Asia;  one  case  seen  in  Eio 
de  Janeiro,  probably  imported  from  Senegambia. 

Pascio^opsis  buski. — Common  in  pigs;  seen  in  a  lascar  at  the  Sea- 
men's Hospital  in  Greenwich;  found  in  a  man  by  Kerr  in  Canton,  China; 
apparently  rather  widely  disseminated  in  man  in  China,  Siam,  and 
Dutch  East  India ;  one  case  seen  in  Germany  and  one  in  Galveston, 
Tex.,  both  imported. 

Fasciolopsis  fiilleboraii. — Seen  at  Hamburg  in  a  man  from  Calcutta. 

Fasciolopsis  rathouisi. — Found  in  man  in  China. 

Fasciolopsis  g-oddardi. — Imperfectly  known;  found  in  man  in  China. 

Echinostoma  ilocanum. — Found  by  Garrison  five  times  in  the  exami- 
nation of  5,000  stools  in  Bilibid  Prison  in  Manila;  five  more  cases  in  the 
Phil'ppines  have  been  reported  by  Hilario  and  Wharton;  found  in  man 
in  China. 

Echinostoma  ma^ayanum.- — ^A  parasite  of  dogs  and  cats;  reported 
among  men  in  the  Malay  States,  north  Siam,  and  Assam. 

Dicrocoelimn  lanceatum. — A  parasite  of  herbivorous  and  omnivorous 
animals;  widely  distributed  over  Europe,  Asia,  Africa,  North  and  South 
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America ;  found  in  man,  tlioiigli  rarely,  in  North  America,  France, 
SAvitzerlancl,  Germany,  Bohemia,  and  Egypt. 

Heterophyes  heterophyes. — A  small  hermaphroditic  trematode ;  a 
parasite  of  dogs  and  cats;  found  during  the  World  ^¥ar  on  the  Sinai 
Peninsula  33  times  among  1,673  Egyptian  workers  and  twice  among 
2,082  Europeans;  the  white  men  had  been  in  Egypt  only  a  short  time; 
Acton  reported  one  case  in  Mesopotamia;  this,  however,  was  in  an  Indian 
who  may  have  carried  the  infection  with  him  from  his  native  country; 
this  parasite  has  not  been  found  among  men  in  eastern  Asia. 

Metagonimus  yokog-awai. — Discovered  by  Yokogawa  in  1913  in  north- 
ern Formosa;  its  first  intermediate  host  is  a  snail;  its  second  inter- 
mediate host  is  a  fish  of  the  trout  family;  it  is  customary  among  the 
natives  of  Formosa  and  adjacent  countries  to  cut  these  trout  in  strips, 
dry  them,  and  eat  them  raw;  in  northern  Formosa  whole  villages  are 
infected  by  this  fluke;  an  examination  of  458  Japanese  students  showed 
this  parasite  present  in  six  per  cent ;  an  examination  of  326  Koreans  dis- 
closed the  parasite  in  only  two;  it  is  suggested  by  Kanter  that  the  para- 
site has  been  carried  to  Korea  by  the  Japanese. 

Parag'oninms  westermani. — Previously  discussed;  found  in  cats  and 
dogs  in  Michigan,  Wisconsin,  and  Ohio;  found  in  man  in  Japan,  For- 
mosa, Korea,  Philippine  Islands,  Indo  China,  Sumatra,  Yucatan,  and 
Peru;  discovered  in  Germany  in  two  Americans,  one  coming  from  Cali- 
fornia, the  other  from  Missouri  (doubtful). 

Opisthorchis  felineus. — A  parasite  of  cats,  dogs,  foxes ;  found  in  Asia, 
Europe,  and  North  America;  a  case  reported  by  Ward  in  Nebraska; 
found  in  man  in  Prussia,  Hussia,  Siberia,  middle  China,  and  Siam; 
according  to  Winogracloff,  it  is  the  most  widely  distributed  human  para- 
site in  man  in  Siberia ;  in  eastern  Asia  and  in  middle  China  it  is  re- 
ported that  man  and  cats  frequently  bear  this  parasite ;  its  cercariae 
are  found  in  a  small  fish  which  in  China  is  usually  eaten  but  partly 
cooked;  it  has  not  been  found  in  man  in  the  United  States. 

Opisthorchis  noverca.^ — First  seen  in  the  liver  of  dogs  in  Calcutta  by 
Lewis  and  Cunningham  in  1874;  in  Japan  this  fluke  is  found  in  cats; 
a  case  was  reported  by  Musgrave  in  a  Chinaman  in  the  Philippines. 

Clonorchis  sinensis. — Previously  discussed;  found  in  man  in  Formosa; 
Korea,  Japan,  China,  Siam,  Dutch  East  Indies,  and  the  Philippines; 
Kanter  states  that  the  western  coast  of  the  United  States  is  in  danger 
of  wide  infestation  with  this  parasite  and  that  twenty  per  cent  of  the 
Chinese  immigrants  to  this  country  bear  the  parasite;  imported  cases 
from  China  and  Japan  are  found  in  California. 

Clonorchis  endemicus. — Reported  by  Okayama  in  Japan;  seen  in  Ton- 
kin and  Annam. 

Metorchis   truncatus. — A   parasite    of   domestic   animals — sheep,    cats. 
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and  dogs;  only  one  case  seen  by  Winogradoff  in  man;  this  was  at 
Tomsk,  Siberia. 

Schistosomum  hematobium. — Previously  described;  widely  prevalent 
among  men  in  Africa,  especially  in  Egypt,  in  southern  Asia,  and  in  the 
Dutch  Indies ;  only  imported  cases  seen  in  Europe  and  the  United  States. 

Schistosomum  mansoni. — Seen  rarely  among  men  in  the  southern 
United  States;  more  frequently  in  Central  and  South  America  and  the 
West  Indies;  found  quite  widely  distributed  over  Africa. 

Schistosomum  japonicum. — Previously  discussed;  found  among  men 
in  Formosa,  Japan,  Korea,  China,  and  the  Philippine  Islands;  cases  im- 
ported from  the  Philippines  seen  in  the  United  States,  and  from  Egypt, 
Salonika  and  Malta,  in  England. 

Gastrodiscus  hominls. — A  parasite  of  herbivorous  mammals;  first 
found  at  autopsy  in  man  in  1857,  and  rarely  seen  in  India  since  that 
time ;  one  case  reported  in  a  soldier  in  the  Philippines  by  Tuttle. 

Cladorchis  watsoni. — But  little  known;  reported  as  a  parasite  of 
ruminating  animals  at  Adamawa,  a  country  in  West  Africa,  lying 
roughly  between  6°  and  11°  north  and  11°  and  15°  east,  about  midway 
between  the  Bight  of  Biafra  and  Lake  Chad;  only  one  case  of  human 
infestation  known;  this  was  in  a  negro  from  Adamawa  who  was  suffer- 
ing from  a  diarrhea;  the  parasite  was  found  in  the  stools  during  life 
and  in  the  small  intestine  after  death. 
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CHAPTER  XVII 

SOME  CESTODE  INFESTATIONS 

General  Statements. — It  is  a  reasonable  presumption  that  Moses  knew 
something  about  tapeworms  when  he  forbade  the  children  of  Israel  to 
eat  pork.  At  least,  it  is  evident  that  tapeworm  infestation  was  known 
in  ancient  times  in  Egypt  and  adjacent  countries,  and  the  proscription 
of  pork  as  an  article  of  diet  was  extended  to  his  followers  by  Moham- 
med. Greek  physicians  were  quite  familiar  with  tapeworms,  which  they 
describe  with  sufftcient  accuracy  to  show  that  they  knew  the  parasites 
which  we  are  now  discussing.  About  the  close  of  the  sixteenth  century 
physicians  recognized  two  forms  of  tapeworm,  taenia  and  bothrio- 
cephalus.  In  1683  Tyson  described  the  head  of  a  tapeworm  which  he 
had  found  in  a  dog,  and  about  the  same  time  Redi  came  to  the  con- 
clusion that  cysticerci  are  animals.  In  1851  Kiichenmeister  demon- 
strated by  feeding  experiments  that  cysticerci  are  larval  forms  of  tape- 
Avorm. 

The  cestodes  which  infest  man  are  segmented  worms,  varying  greatly 
in  length  from  a  fraction  to  several  meters.  In  most  of  them  the  adult 
animal  has  its  habitat  in  the  alimentary  canal  of  man  and  its  larval  life  is 
passed  in  some  other  animal.  In  rare  instances,  such  as  the  echinococ- 
cus,  the  adult  lives  in  some  animal  and  the  encysted  stage  is  passed  in 
man.  Still  more  rarely,  as  may  occur  with  T.  solium,  man  may  harbor 
both  the  adult  and  the  encysted  forms.  The  adult  tapeworm  has  a 
head,  technically  known  as  the  scolex,  furnished  with  multiple  suckers 
by  means  of  which  the  animal  attaches  itself  to  the  walls  of  the  in- 
testinal canal.  In  some  species,  in  front  of  these  su^'kers  is  a  projection 
known  as  the  rostellum,  which  may  or  may  not  be  armed  with  hooks, 
varying  in  number  according  to  the  species.  The  apparent  purpose  of 
these  hooks  is  to  aid  the  suckers  in  enabling  the  animal  to  attach  itself 
to  the  intestinal  wall.  Behind  or  below  the  head  is  a  narrowing  of 
the  bod}"  known  as  the  neck  and  beyond  this  lie  the  segments  known 
as  proglottides,  which  are  widely  variable  in  number  and  in  size' with 
the  species.  There  is  no  alimentary  canal  and  the  parasite  receives 
its  food  from  the  intestine  of  its  host  by  osmosis.  There  is,  howcA^er, 
an  excretory  system,  which  consists  of  anastomizing  tubules  emptying  on 
the  surface.  There  is  a  rudimentary  nervous  system  consisting  of  one 
ganglion  in  the  scolex  with  two  cords  which  pass  through  the  segments 
and  are  provided  with  branches. 

The  outer  layer  of  the  worm   consists  of  cuticle  containing  a  large 
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quantity  of  lime.  Moreover,  there  are  calcareous  corpuscles  found 
widely  distributed  throughout  the  parenchyma.  The  large  amount  of 
calcareous  material  perhaps  serves  a  double  purpose,  that  of  supplying 
a  skeletal  support  and  that  of  furnishing  material  for  the  egg  shells. 
The  muscular  system  consists  of  both  longitudinal  and  transverse  groups. 
As  each  segment,  or  proglottide,  matures  it  develops  sexually  and  is 
provided  with  both  testes  and  ovaries.  One  segment  may  impregnate 
its  own  ova  and  may  pass  any  excess  of  seminal  fluid  to  a  neighboring 
segment.  There  are  multiple  testes,  which  are  connected  with  one 
another  by  tubules,  and  their  secretions  pass  finally  into  the  vagina 
where  they  await  the  coming  of  the  eggs.  There  is  a  lobulated  ovary, 
in  some  species  two.  or  more,  which  discharges  its  products  into  a  com- 
mon oviduct,  emptying  into  the  uterus  and  thus  coming  into  contact 
with  the  male  elements.  The  ova,  having  been  impregnated,  are  sup- 
plied with  yolk  material  and  surrounded  by  shells.  The  uterus  is  packed 
with  impregnated  ova  and  the  development  of  the  egg  content  begins 
in  the  uterus.  When  a  segment  has  become  sexually  mature  and  car- 
ries its  complement  of  fertilized  eggs,  it  drops  its  connection  with  the 
segment  lying  in  front  of  it  and  is  discharged  from  the  alimentary  canal 
of  the  host. 

The  expelled  segment  undergoes  disintegration  in  the  outer  world 
and  the  impregnated  forms  must  find  admission  to  the  alimentary  canal 
of  a  new  host  or  soon  perish.  When  taken  into  the  stomach  of  the  new 
host  the  embryos  are  set  entirely  free  by  the  action  of  the  gastric  juice 
and,  piercing  the  walls  of  the  small  intestine,  seek  some  place  Avhere 
they  may  encyst  themselves  in  the  tissue.  The  cysticercus,  or  encysted 
larva,  sets  up  an  inflammatory  reaction,  which  leads  to  its  enclosure  by 
the  formation  of  a  cyst  wall  at  the  expense  of  its  host.  In  this,  which 
is  known  as  the  cysticercus  condition,  the  parasite  remains  until  the 
flesh  in  which  it  is  encysted  is  eaten  by  some  other  animal,  and  in  the 
intestine  of  this  host  the  parasite  again  reaches  its  adult  stage.  As  a 
rule,  the  cysticercus  has  its  natural  habitat  in  some  herbivorous  animal, 
while  the  adult  develops  in  some  carnivorous  or  omnivorous  animal.  If 
the  cysticercus  is  not  Avithin  a  time,  which  varies  Avith  different  para- 
sites, transferred  to  a  second  host,  it  ultimately  undergoes  calcareous 
degeneration. 

Taenia  solium. — This  worm  usually  measures  from  Iavo  to  three  meters, 
though  it  may  be  two  or  three  times  this  length.  It  carries  a  globular 
head  with  a  short  slightly  pigmented  rostrum  bearing  from  25  to  50 
booklets.  There  are  four  circular,  slightly  projecting  suckers  of  about 
^  mm.  in  diameter.  The  proglottides  gradually  increase  in  size  from 
the  head  downward  until  they  reach  maturity  with  a  length  of  about  12 
mm.  and  a  breadth  of  about  6  mm.    Usuallv  from  four  to  six  sexuallv  ma- 
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ture  segments  are  passed  at  a  time  with  the  stools.  These  segments  undergo 
a  natural  disintegration  or  they  may  be  swallowed  still  intact  by  their 
second  host.  In  case  of  Taenia  solium  the  second  host  is  a  hog.  In  this 
animal  the  ciliated  embryos  pass  through  the  intestinal  Avails  and  be- 
come cysticerci.  Hog  flesh  infested  with  these  cysticerci  has  long  been 
known  as  ''measly  pork."  In  the  gastric  juice  of  man  the  parasites  are 
set  free  and  the  liberated  scolex  enters  the  small  intestine,  attaches 
itself  by  its  suckers  and  booklets  to  the  wall  and  begins  anew  the  for- 
mation of  segments. 

It  seems  desirable  to  point  out  here  that  the  word  "solium"  does 
not  mean  alone,  and  it  is  not  right  to  infer  from  the  name  that  this 
worm  always  occurs  singly  in  man's  intestine.  Two  or  more  may  be 
found  at  the  same  time  in  the  same  individual.  'SSolium"  apparently 
w^as  attached  to  the  name  of  this  worm  by  the  Arabs  some  centuries 
ago  and  it  means  a  chain  and  refers  to  the  segmented  character  of  the 
parasite. 

A  healthy  man  may  carry  an  adult  Taenia  solium  quite  indefinitely 
without  any  marked  disturbance  in  health_,  but  there  is  no  reason  why 
even  a  healthy  man  should  support  such  a  parasite.  In  children  and  in 
debilitated  adults  Taenia  solium  is  often  a  factor  having  more  or  less 
to  do  with  the  inability  of  its  host  to  regain  or  retain  a  fair  degree,  of 
health.  It  is  possible,  though  it  rarely  happens,  for  a  man  carrying 
the  adult  to  become  also  the  host  of  the  cysticercus  form.  This  is  espe- 
cially true  should  he  swallow  the  eggs  which  have  come  from  his  own 
body ;  in  other  words,  repeated  autoinf ection  may  occur  among  those 
who  carry  this  parasite,  and  the  damage  done  by  the  encysted  form 
depends  upon  its  location.  In  the  eye  or  in  the  brain  it  may  be  quite 
a  serious  matter. 

Infestation  with  this  w^orm  is  likely  to  occur  w^herever  man  eats  pork, 
and  especially  when  he  eats  it  without  thorough  cooking.  The  geo- 
graphical distribution  of  this  infestation  is  coextensive  Avith  that  of 
man  and  the  hog  Avhenever  the  former  feeds  upon  the  latter.  Ortho- 
dox Jews  and  Mohammedans,  as  well  as  strict  vegetarians  of  other  reli- 
gions, are  never  infested  with  Taenia  solium.  Among  those  who  do 
eat  pork  the  frequency  of  this  infestation  depends  upon  (1)  the  chances 
afforded  hogs  of  eating  human  feces  or  food  contaminated  Avith  such 
feces;  (2)  inspection  of  pork  at  the  slaughterhouse  and  the  exclusion 
of  infested  meat  from  the  markets;  (3)  degree  of  heat  to  Avhich  pork 
preparations  are  submitted  before  they  are  eaten.  It  is  quite  plain  that 
taenia  infestation  is  more  likely  to  occur  among  primitive  people  Avhose 
feces  are  scattered  freely  about  their  habitations  and  over  the  ground 
traversed  b}^  their  pigs.     The  frequency  Avith  Avliich  taenia  infestation 
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occurred  in  American  pork  led  to  the  establishment  of  federal  inspec- 
tion of  all  meats  sent  abroad.  Meat  preserved  by  smoking  or  by  the 
application  of  common  salt  or  nitrate  of  potash  is  not  safe  eating  with- 
out thorough  cooking.  Quite  naturally,  people  who  are  accustomed  to 
eating  partially  cooked  pork  are  most  likely  to  be  infested. 

Taenia  saginata  vel  mediocanellata. — This  tapeworm,  which  usually 
measures  from  five  to  ten  meters  and  may  be  longer,  passes  its  cysti- 
cercus  stage  in  cattle  and  its  adult  life  in  the  intestines  of  man.  It  has 
four  hemispherical  pigmented  suckers  and  is  without  rostellum  or 
hooks.  In  place  of  the  rostellum  there  is  a  fifth  sucker.  The  sexually 
mature  segments  pass  with  the  feces  to  the  external  world  and,  disin- 
tegrating, permit  their  contained  embryos  to  spread  through  the  grass 
where  they  are  swallowed  by  cattle.  In  the  ox  this  parasite  passes  its 
cysticercus  life  and  awaits  the  time  man  swallows  the  beefsteak  con- 
taining it. 

The  frequency  with  which  this  infestation  occurs  depends  upon  the 
extent  to  which  the  pasturage  of  cattle  is  contaminated  by  the  excre- 
tions of  infested  men  and  upon  the  thoroughness  with  which  beef  prod- 
ucts are  cooked  before  they  are  eaten.  In  India,  Mohammedans  and 
Europeans  are  frequently  infested  with  this  parasite,  while  this  rarely 
occurs  among  the  vegetarian  Hindoos. 

Statistics  of  the  Bureau  of  Animal  Industry  show  that  nearly  one 
per  cent  of  all  cattle  slaughtered  in  the  United  States  carries  this  ces- 
tode  infestation.  The  ox  becomes  infested  by  eating  food  or  drinking 
water  contaminated  with  the  feces  of  an  infested  man,  and  man  becomes 
infested  by  eating  the  raw  or  partly  cooked  flesh  of  infested  cattle.  Com- 
paring the  two  tapeworms,  Ransom  says : 

"The  pork  tapeworm  is  a  more  dangerous  parasite  than  the  beef  tapeworm  on  ac- 
count of  the  fact  that  the  intermediate  stage  may  develop  in  man  if  the  eggs  are 
swallowed,  and  as  the  cysts  may  lodge  in  vital  organs,  such  as  the  brain  or  heart,  the 
consequences  are  liable  to  be  serious.  Fortunately  the  pork  tapeworm  and  its  inter- 
mediate stage  are  very  rare  in  the  United  States,  and  this  is  explained  by  the  fact 
that  in  this  country  raw  or  imperfectly  cooked  pork  is  rarely  eaten.  Thorough  cooking 
invariably  destroys  the  vitality  of  tapeworm  cysts,  and  consequently  in  this  country 
there  is  little  chance  that  tapeworm  cysts  in  pork  will  reach  a  human  host  alive.  Inas- 
much as  the  limited  use  of  raw  or  imperfectly  cooked  pork  insures  the  rarity  of  the 
pork  tapeworm  in  man,  it  naturally  follows  that  the  intermediate  stage  in  hogs  wUl 
also  be  rare,  because  hogs  become  infested  with  the  cysts  only  as  a  result  of  swallowing 
the  eggs  which  occur  in  the  feces  of  human  beings  infested  with  the  pork  tapeworm. 
The  beef  tapeworm  and  its  cystic  stage,  unlike  the  pork  tapeworm,  are  comparatively 
common  in  the  United  States,  the  explanation  betag  that  raw  or  rare  beef  is  very  fre- 
quently eaten.  Beef  measles  at  the  present  time  is  thus  of  much  greater  importance 
in  the  United  States  than  pork  measles.  Although  less  dangerous  than  the  latter,  it 
is  more  or  less  harmful  to  health,  and  consequently  as  a  public  health  measure  the 
meat  of  cattle  infested  with  measles  must  either  be  excluded  from  the  market,  or,  in 
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cases  of  slight  infestation,  after  removal  of  the  few  cysts  found,  must  be  so  treated 
by  refrigerating,  cooking',  or  pickling  as  to  render  harmless  any  parasites  which  may 
have  been  overlooked  by  the  meat  inspector." 

The  cysticerei  of  beef  tapeworm  are  distributed  about  equally  between 
the  muscles  of  the  head  and  the  heart.  Compared  with  these  muscles 
the  parasite  is  found  about  one-third  as  often  in  the  diaphragm  and 
about  one-fifth  as  often  in  the  tongue.  In  inspecting  slaughtered  ani- 
mals for  this  parasite  special  attention  is  given  to  the  muscles  of  the 
head  and  heart.  If  the  carcass  is  heavily  infested,  showing  a  wide  dis- 
tribution of  cysticerei  throughout  the  muscular  system  or,  without  ref- 
erence to  the  number  of  parasites,  if  the  flesh  is  watery  or  discolored 
as  a  result  of  the  parasitic  invasion,  it  is  condemned.  Slightly  infested 
carcasses  may  be  passed  for  food  after  three  weeks'  refrigeration  or 
pickling,  or  after  being  cooked.  If  all  infested  meat  could  be  excluded 
from  human  consumption  this  parasite  would  become  extinct,  but  there 
is  no  practical  method  of  meat  inspection  which  would  absolutely  in- 
sure the  freedom  of  all  meats  from  cysticerei.  In  order  to  reduce  to 
a  minimum  the  chances  of  this  infestation,  beef  and  pork  should  not  be 
eaten  unless  thoroughly  cooked.  Even  with  this  precaution,  there  is 
the  possibility  of  an  occasional  infestation,  as,  for  instance,  Avhen  a 
careless  cook  uses  the  same  knife,  first  in  cutting  the  raw  infested  meat 
and,  second  on  cooked  meat  or  even  on  bread  or  some  other  food. 

Dibothriocephalus  latus. — This  is  known  as  the  broad  tapeworm  and 
on  account  of  its  shape  was  distinguished  from  taenia  quite  300  years 
ago;  while  the  distinction  between  Taenia  solium  and  Taenia  saginata 
was  not  made  until  about  the  middle  of  the  nineteenth  century.  The 
broad  tapeworm  has  a  wide  distribution  throughout  the  world,  but 
it  has  long  been  observed  that  it  is  most  frequently  seen  among  those 
who  live  in  coastal  regions  and  who  eat  fish,  especially  fresh-water  fish. 
Hirsch  in  1886  wrote  concerning  the  distribution  of  this  parasite,  as 
follOAVS: 

"A  glance  at  the  distribution  area  of  bothriocephalus  will  show  us  that  it  is  mostly 
indigenous  to  the  sea  coast  and  to  the  shoi'es  of  lalces  and  other  inland  waters.  The 
Swedish  practitioners  are  clear  in  their  statements  that  it  is  almost  exclusively  the 
inhabitants  of  the  coast  who  suffer  from  it,  those  dwelling  even  a  few  miles  inland 
being  nearly  exempt.  Zaeslein,  also,  has  shown  with  much  exactness  that  the  .same 
holds  good  for  Switzerland.  In  that  country  he  distinguishes  four  zones  of  frequency. 
The  first  of  these,  embracing  the  A'illages  lying  close  down  to  the  lakes,  is  to  be  regarded 
as  the  proper  area  of  infection.  In  the  second,  comprising  the  country  one  to  four 
leagnies  inland  from  the  lakes,  the  parasite  is  much  rarer;  it  no  longer  occurs,  as  in 
the  first  zone,  among  all  classes  equally,  but  more  frequently  among  the  industrial 
part  of  the  population,  and  less  so  among  the  figricultural,  the  inliabitants  of  that  zone 
becoming  infected  for  the  most  part  not  at  home  but  during  their  visits  to  the  lake 
shore.  As  regards  the  third  zone,  comprising  the  towns,  large  and  small,  at  a  distance 
of  more  than  five  leagues  from  a  lake,  the  infection  may  in  most  eases  be  traced  ^^ith 
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certainty,  or  at  least  with  probability,  to  the  French  Alpine  departments,  although 
there  are  a  few  places,  such  as  Burgdorf  and  Thun  for  which  the  autochthonous  oc- 
currence of  the  parasite  cannot  be  altogether  denied.  Finally,  in  the  fourth  zone, 
distant  from  the  lakes,  more  than  six  leagues,  bothrioeephalue  is  met  with  either  in 
mere  occasional  cases,  or  not  at  all. ' ' 

This  is  a  grayish  worm  which  may  measure  as  much  as  ten  meters. 
Multiple  worms  in  the  same  individual  are  not  infrequent.  The  scolex 
is  oblong  and  is  not  provided  with  suckers,  rostellum,  or  hooklets.  Ex- 
tending throughout  the  length  of  the  parasite  are  two  grooves  called 
bothria  or  long  suckers.  The  number  of  segments  in  a  single  parasite 
may  reach  three  or  four  thousand.  The  adult  of  this  parasite  has  its 
habitat  in  the  small  intestine  of  man,  dog,  or  cat.  The  embryos,  carried 
from  these  hosts  into  the  outer  world  by  the  discharge  of  impregnated 
segments,  find  their  way  into  the  water,  and  in  this  element  they  pass 
successively  through  two  intermediate  hosts.  First  they  penetrate  and 
pass  through  a  part  of  their  life-cycle  in  certain  fresh-water  Crustacea, 
such  as  Cyclops  strenuus  or  Diaptomus  gracilis.  In  the  intestinal  canal 
of  these  Crustacea  they  are  transformed  into  hairy  larvae.  From  the 
Crustacea  these  larvae  pass  into  the  stomachs  of  fish,  especially  trout, 
perch,  and  pike.  They  penetrate  the  intestinal  walls  of  these — their 
second  hosts,  and  become  encysted  in  the  flesh  of  the  fish.  When  man, 
dog,  or  cat  eats  the  fish  the  cell  walls  enclosing  the  larvae  are  digested 
and  the  young  develop  into  adults  in  the  intestines. 

A  second  species  of  this  genus,  known  as  Dibothriocephalus  mansoni, 
was  first  found  by  Manson  in  1882  in  making  an  autopsy  on  a  China- 
man in  Amoy.  Manson  found  these  parasites  lying  under  the  peri- 
toneum near  the  kidneys  and  free  in  the  pleural  cavity.  They  looked 
like  strings  of  fat  until  taken  out,  when  they  showed  feeble  but  distinct 
movements.  According  to  Manson-Bahr,  55  cases  of  this  parasite  in 
man  had  been  detected  .up  to  1921.  The  normal  habitat  of  the  adult 
of  this  species  is  the  intestinal  canal  of  the  dog  or  cat.  When  the  ova 
are  discharged  they  find  their  way  into  the  water  and  enter  a  crustacean, 
Cyclops  leuckartii.  After  a  stage  of  development  in  the  Cyclops  the 
larvae  are  ingested  by  a  frog,  Rana  nigromaculata,  or  a  snake,  Elaphe 
climacophora.  In  the  adult  they  reach  a  length  of  from  8  to  40  cm. 
This  worm  is  fiat,  unsegmented  and  carries  on  the  ventral  surface  a 
longitudinal  median  groove,  while  on  the  dorsal  surface  there  may  be 
two  grooves.  This  species  is  sometimes  eliminated  through  the  urinary 
bladder  and  may  block  the  urethra  in  seeking  its  exit  to  the  outer  world. 

Taenia  echinococcus. — In  the  ease  of  this  parasite  the  host  of  the  adult 
is  a  dog,  wolf,  or  some  other  member  of  the  canine  family.  In  these 
animals  this  parasite,  Avhich  is  one  of  the  smallest  tapeworms  known, 
measuring  in  length  onlv  from  2.5  to  6.0  mm.,  lies  between  the  villi  of 
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the  small  intestine.  Its  segments,  which  number  usually  more  than 
four,  reach  sexual  maturity  only  in  the  last.  When  these  are  discharged 
in  the  feces  of  the  dog  and  become  mixed  with  human  food  and  are 
taken  into  man's  stomach,  the  cysts  are  digested  and  the  embryos  pass 
through  the  intestinal  walls  and  establish  themselves  in  cysts  some- 
where in  man's  body;  most  frequently  in  the  liver;  less  frequently  in 
the  lungs  or  kidney,  and  still  less  frequently  in  the  brain.  The  cysts 
formed  by  these  parasites  are  surrounded  by  a  Avail,  provided  at  the 
expense  of  the  tissue  of  the  host,  consisting  of  two  layers,  an  ectocyst 
and  an  endocyst.  These  hydatid  cj^sts  produce  the  symjotoms  of  tumors 
and  may  become  of  considerable  size — several  inches  in  diameter.  These 
cysts  develop  smaller  ones  known  as  daughter  cysts  and  granddaughter 
cysts,  and  these  may  develop  either  inside  or  outside  of  the  mother  cyst. 
The  cysts  are  filled  with  a  fluid  in  which  the  larval  scolices  float. 
Manson-Bahr  makes  the  following  statement  concerning  this  infestation: 

' '  Man  becomes  infested  by  too  close  association  with  the  usual  definitive  host,  the 
sheep  dog.  The  ova  are  ingested  by  using  the  same  dishes  as  these  animals,  by  kissing 
infested  dogs,  and  it  is  also  possible  that  house-flies  may  disseminate  the  eggs  from 
the  feces  of-  these  animals.  Persons  of  all  ages  are  liable  to  infestation,  but  the  disease 
known  as  hydatids  is  more  common  in  children  under  ten  years.  The  symptoms  to 
which  hydatids  may  give  rise  are  very  varied,  according  to  the  site  of  the  cyst.  They 
may  include  symptoms  of  toxemia,  such  as  pyrexia,  urticaria,  and  multiform  cutaneous 
eruptions.  On  the  other  hand,  the  fully  developed  cyst  may  appear  as  a  tumor,  espe- 
cially on  the  liver,  and  this,  on  bursting,  forms  secondary  cysts  in  other  organs,  or 
may  suppui"ate  and  cause  general  peritonitis.  In  the  brain  hydatids  give  rise  to 
symptoms  of  cerebral  tumor;  while  those  of  the  liver,  spleen,  and  peritoneum  are  liable 
to  stimulate  malignant  growths.  Hydatids  of  the  lung  give  rise  to  symptoms  of  com- 
pression with  the  formation  of  fluid  in  the  pleural  cavity.  The  kidney  may  be  con- 
verted into  a  mass  resembling  hydronephrosis. ' ' 

Hydatid  cysts  are  most  frequently  found  among  people  who  live  in- 
timately with  dogs.  They  were  formerly  highly  prevalent  in  Iceland. 
In  1886  Hirsch  wrote: 

' '  The  Iceland  cowherds  have  notoriously  little  sense  of  cleanliness,  and  they  are 
all  the  more  read;^  to  share  with  their  highly  treasured  dogs  not  only  their  dwellings 
but  their  platters  also,  and  even  their  beds,  because  the  risk  of  infection  from  the  dog 
is  a  thing  unknown  to  them.  Furthermore,  the  dogs  have  free  access  to  the  storerooms, 
whose  contents  they  befoul  with  their  dejecta;  and  it  can  only  be  because  a  few  out 
of  the  many  thousands  of  taenia  eggs  entering  the  human  intestine  ever  reach  the 
mature  stage  of  bladder-worms,  that  a  very  much  larger  number  of  persons  in  that 
country  do  not  suffer  from  echiuococcus.  Finsen  is  explicit  in  stating  that  the  parasite 
is  hardly  met  with  among  the  more  civilized  of  the  Icelandic  population,  among 
families  occupying  commodious  houses  and  duly  practicing  cleanliness. ' ' 

At  one  time  hydatid  disease  was  widely  prevalent  among  the  pas- 
toral population  of  Australia.  In  this  connection  it  may  be  well  to 
say  that  sheep,  as  well   as  man,  may  carry  the  cysts.     The  shepherd 
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dogs  cany  the  adults  and  distribute  the  embryos  over  the  pasturage 
upon  which  the  sheep  feed,  and  in  this  way  a  vicious  circle,  involving 
the  dog,  the  sheep,  and  occasionally  man,  is  established. 

While  hydatid  cyst  is  not  frequent  among  the  more  intelligent  classes 
of  Europe  and  America,  it  is  not  wholly  unknown  among  these.  The 
ova  from  dogs  may  be  deposited  upon  growing  vegetables  and  when 
these  are  eaten  without  being  cooked,  infestation  may  and  does  occa- 
sionally occur. 

Taenia  nana. — This  is  the  smallest  tapeworm  which  has  ever  been 
found  in  man.  The  adult  measures  only  from  5  to  50  mm.,  but  the 
number  of  segments  may  run  as  high  as  200.  It  has  not  been  definitely 
shown  that  this  parasite  has  an  intermediate  host.  It  seems  that  both 
the  adult  and  the  cysticercus  stage  may  be  passed  in  the  intestinal  canal 
of  the  one  animal.  It  is  quite  certain,  however,  that  the  cysticerci  can- 
not develop  until  they  have  been  acted  upon  by  a  gastric  juice.  Grassi  has 
experimentally  studied  the  development  of  this  parasite  in  the  rat. 
Eggs  swallowed  by  this  animal  after  passing  through  the  stomach  are 
hatched  in  the  small  intestine  and  there  transformed  into  cysticercoids 
which  are  provided  with  tail-like  appendages  and  are,  consequently, 
known  as  cercocysts.  These  cysts  never  develop  into  adults  until  they 
are  conveyed  to  the  same  host  or  some  other  animal  by  the  mouth ;  in 
other  words,  the  egg  will  not  hatch  until  it  has  been  subjected  to  the 
action  of  the  gastric  juice.  Grassi  fed  eight  persons  with  sexually 
mature  segments  of  the  parasite  from  both  man  and  rats;  only  one  of 
these  became  infested,  but  this  occurred  in  a  region  where  this  tape- 
worm is  common  and  it  is  not  certain  that  the  infestation  originated  in 
the  feeding.  From  an  epidemiologic  standpoint  it  is  well  to  consider 
infestation  with  this  cestode  as  a  communicable  disease  which  may  be 
transmitted  from  one  person  to  another.  This  form  of  parasitic  infes- 
tation is  probably  quite  widely  distributed  over  the  earth.  It  was 
first  detected  by  Bilharz  in  the  small  intestine  of  a  boy  who  died  in 
Cairo  of  meningitis  in  1852.  Calandruccio  estimates  that  ten  per  cent 
of  the  children  in  Sicily  carry  this  worm,  and  Stiles  found  it  in  4.8 
per  cent  of  125  children  examined  in  Washingi;on.  Children  carrying 
this  parasite  should  be  isolated  until  relieved  of  it ;  their  feces  should 
be  safely  disposed  of  even  if  individual  disinfection  is  necessary,  and 
they  should  be  instructed  to  carefully  disinfect  their  hands  after  going 
to  stool.  Fortunately,  this,  like  many  other  species  of  intestinal  tape- 
worm, may  be  expelled  from  the  intestine  by  the  proper  administration 
of  the  extract  of  male  fern.  If  we  regard  the  rat  as  a  distributing  agent 
for  this  parasite,  we  have  only  added  another  to  the  many  reasons  that 
we  have  for  exterminating  this  pest. 

Taenia  leptocephala. — This  is  also  known  as  Hymenolepsis  diminuta 
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and  is  a  small  tapeworm  found  in  the  rat.  It  has  been  seen  in  man 
only  in  a  few  instances  in  the  "West  Indies,  South  America,  Italy,  and 
the  Congo.  It  is  believed  that  the  cysticercns  stage  is  passed  in  some 
insect;  in  rat-fleas  and  in  certain  coleoptera.  It  is  claimed  that  the 
rat  becomes  infested  by  eating  its  own  fleas,  and  accidental  infestation 
may  occur  in  man  by  eating  insufficiently  cooked  bread  after  beetles 
have  had  access  to  the  flour. 

Taenia  canium. — This  is  a  common  tapeworm  found  in  cats  and  dogs 
in  central  and  southern  Europe.  It  has  been  found,  though,  rarely,  in 
children  in  Spain,  Italy,  and  southern  Germany.  The  cysticercus  stage 
is  passed  in  fleas  and  lice. 

Taenia  africana,  T.  hominis,  T.  philippina,  and  T.  asiatica,  are  prob- 
ably varieties  of  T.  saginata.  The  same  thing  is  possibly  true  of  T. 
confusa,  a  name  proposed  by  Ward  for  a  tapeworm  8^  meters  long, 
seen  and  described  by  him  at  Lincoln,  Nebr.,  in  1896. 
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CHAPTER  XVIII 
SOME  NEMATODE  INFESTATIONS 

General  Statements. — The  order  of  nematodes  comprises  many  genera 
and  an  undetermined  number  of  species,  most  of  which  are  parasitic 
at  some  period  in  the  life-cycle.  They  are  round  nonsegmented  Avorms, 
generally  white,  sometimes  yellowish  or  pinkish,  and  consist  of  male 
and  female.  The  mouth,  guarded  by  two  or  more  lips,  opens  into  a 
suctorial  esophagus,  which  terminates  in  a  thin  walled  intestinal  canal, 
opening  by  a  chitinous  rectum  into  an  anus  which  is  located  near,  but 
anterior  to,  the  posterior  extremity  of  the  worm.  The  animal  is  covered 
by  a  thick  cuticle,  which,  in  some  species,  carries  spines,  fins  or  hooks. 
The  epidermis  consists  of  a  muscular  layer  with  inward  projections 
which  are  connected  with  the  nerves  and  the  excretory  tubules.  The 
excretory  organs  are  made  up  of  two  longitudinal  canals  connected  an- 
teriorly by  a  transverse  bridge  and  opening  posteriorly  on  the  ventral 
surface. 

The  rudimentary  nervous  system  consists  of  an  annular  gland  about 
the  esophagus,  from  which  fibers  branch  throughout  the  length  of  the 
worm. 

All  species  of  this  order  furnish  male  and  female,  the  former  being 
smaller  and  shorter  than  the  latter.  The  male  organs  of  reproduction 
consist  of  convoluted  tubules,  which  serve  in  their  course  as  testes,  vas 
deferens,  and  vesicula  seminalis.  Similarly  in  the  female,  the  reproduc- 
tive organs  consist  of  coiled  tubes,  the  anterior  ends  of  which  serve  as 
ovaries,  the  middle  as  oviducts,  and  the  terminal  parts  as  uteri.  The 
life-histories  of  the  nematode  parasites  that  infest  man  will  be  dis- 
cussed in  the  descriptions  of  the  individual  species. 

Ascaris  lumbricoides. — The  round  worm,  as  it  is  popularly  known, 
resembles  in  appearance,  size  and  shape  the  earth-worm,  though  it  is 
generally  less  red  in  color.  This  worm  apparently  is  widely  distributed 
over  the  world,  epidemics  of  this  infestation  having  been  reported  from 
Greenland  southward  through  all  the  zones.  The  frequency  of  infesta- 
tion with  this  parasite  depends  upon  the  habits  of  the  people  and  it  is 
rather  difficult  to  believe  the  stories  told  by  medical  men  of  their  ob- 
servations in  certain  countries.  Dyer,  writing  in  1834,  makes  the  fol- 
lowing statement: 

''This  complaint  is  nearly  universal  in  Mauritius.  *  *  *  In  the  black  population 
in  such  numloers  are  the  lumbrics  produced,  that  I  have  frequently  been  disgusted  by 
seeing-  them  crawling  from  the  anus  and  mouth  at  the  same  time.  One  black  literally 
brought  me  his  hat  full,  which  he  assured  me  he  had  passed  very  shortly  before. ' ' 
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This  is  a  round  yellowisli  or  brownish  worm,  spindle-shaped,  with  the 
female  measuring  from  25  to  30  cm.  in  length  and  the  male  about  two- 
thirds  this  size.  The  mouth  is  surrounded  by  denticulated  lips.  At 
autopsy  it  is  usually  found,  most  abundantly  at  least,  in  the  small  intes- 
tine, though  in  rare  instances,  it  may  be  seen  anywhere  in  the  alimentary 
canal  from  the  esophagus  to  the  rectum,  and  still  more  rarely,  in  the 
nose,  larynx,  trachea,  and  bronchi.  Occasionally  it  causes  abscesses  in 
the  liver,  pancreatic  duct,  appendix,  and  in  the  muscular  body  Avails. 
The  eggs  are  from  50  to  75  microns  in  length  and  from  40  to  50  microns 
in  breadth  and  are  covered  by  an  albuminous  coat,  usually  stained  with 
fecal  matter.  The  eggs  are  deposited  in  the  small  intestine  and  are 
eliminated  with  the  feces.  In  the  external  world  the  eggs  bear,  without 
destruction,  marked  alterations  in  moisture  and  temperature.  They 
are  not  destroyed  in  the  soil  by  desiccation  and  it  is  possible  that  in  dust 
they  may  be  scattered  through  the  air  and  inhaled.  More  frequently, 
they  are  washed  into  water-supplies  or  are  deposited  upon  fruits  and 
vegetables.  Where  night  soil  is  used  as  field  or  garden  fertilizer  the 
possibility  of  the  ova  finding  their  way  into  the  alimentary  canal  of 
man  is  greatly  enhanced.  Stiles  has  shown  that  the  house-fly  may  carry 
the  eggs  which  pass  through  the  body  of  the  insect  unaltered  and  still 
capable  of  producing  young. 

If  there  be  an  intermediate  host  for  the  asearis  it  has  never  been  dis- 
covered. It  has  been  believed  until  recently  that  man  SAvallows  the 
eggs  with  his  food  or  drink  and  that  these,  after  passing  through  the 
stomach,  develop  into  the  adult  forms  in  the  intestine.  Recent  investi- 
gations by  Stewart  and  others  show  that  in  the  lower  animals  at  least, 
larvae  from  the  eggs  deposited  in  the  intestine  penetrate  the  liver  and 
lungs  where  they  undergo  development  and  then  return  to  the  alimen- 
tary canal.  While  strong  adults  may  carry  many  of  these  worms  in 
their  intestines  without  marked  recognizable  injury  to  health,  it  is  un- 
doubtedly true  that  they  reduce  the  efficiency  of  all  and  seriously  inter- 
fere with  the  well  being  of  children.  Besides,  there  is  ahvays  the 
possibility  that  they  may  cause  abscesses  in  the  intestinal  walls,  espe- 
cially in  the  appendix  and  in  the  liver. 

Prevention  of  this  infestation  is  secured  by  the  proper  disposal  of 
fecal  matter.  It  must  be  remembered,  however,  that  dogs  and  possibly 
hogs  carry  these  worms  and  their  excretions  may  contaminate  the 
drinking  Avater  or  food  of  man.  Santonin  has  long  been  relied  upon  as 
a  specific  in  this  infestation. 

Oxyuris  vermicular  is. — This  parasite,  vulgarly  known  as  the  pin  or 
thread  worm,  measures  in  the  female  about  10  mm.,  Avhile  the  male  is 
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seldom  more  than  one-half  this  length.     The  male  carries  a  curved  or 
spiral  posterior  extremity  provided  with  a  hook-like  terminal. 

The  habitat  of  the  adult  worm  is  near  the  vermiform  appendix.  When 
the  female  is  impregnated  she  moves  to  the  lower  part  of  the  large 
intestine  where  she  deposits  her  eggs  and  from  which  both  the  mother 
and  the  eggs  may  pass  with  the  stools  into  the  outer  world.  The  eggs 
when  leaving  the  body  of  the  female  contain  embryos  which  have  al- 
most reached  larval  maturity.  These  worms  cause  a  most  distressing 
pruritus  ani,  -which  interferes  with- sleep  and  induces  a  nervous  condi- 
tion. Inspection  through  a  speculum  may  show  coiled  masses  of  hun- 
dreds of  these  worms  lying  just  within  the  sphincter  ready  for  expul- 
sion. They  may  penetrate  the  mucocutaneous  covering  in  and  about 
the  anus  and  cause  a  most  persistent  itching.  Recently,  Kofoid  and 
White  found  a  closely  related  species,  Syphacea  obvelata,  in  427  out  of 
140,000  American  soldiers.  This  worm  is  about  twice  the  length  of 
0.  vermicularis.  No  intermediate  host  has  been  found  for  this  para- 
site and  those  who  carry  it  no  doubt  frequently  reinfest  themselves  and 
endanger  others  by  scattering  the  worms  in  their  excretions. 

Trichuris  trichiura,  Ascaris  trichiura,  Trichocephalus  hominis,  and 
T.  dispar. — Under  these  scientific  names  the  parasite,  ordinarily  known 
as  the  whip-worm,  is  widely  distributed  both  in  temperate  and  tropical 
latitudes.  It  is  a  whitish  or  pinkish  worm,  measuring  in  the  female 
from  45  to  50  mm.  in  length  and  in  the  male  from  40  to  50  mm.  The 
eggs  are  brown  and  measure  50  by  25  microns.  The  natural  habitat  is 
in  the  cecum  and  in  certain  tropical  countries  it  is  found  in  more  than 
half  the  inhabitants.  The  eggs  are  eliminated  in  the  feces  unsegmented 
and  it  requires  12  months  or  longer,  depending  somewhat  upon  tem- 
perature and  moisture,  for  the  development  of  the  embryo.  It  is  claimed 
that  owing  to  the  thickness  and  strength  of  the  shell,  the  unhatched 
embryos  may  bear  without  harm  many  adverse  conditions  and  that  they 
may  retain  their  vitality  for  several  years.  Powell  states  that  there  is 
only  one  male  for  nearly  500  females.  Fortunately,  this  parasite,  even 
when  present  in  great  numbers,  is  without  recognizable  effect  upon  its 
host,  though  it  is  claimed  by  some  that  it  may  occasion  intestinal  dis- 
turbances and  possibly  may  be  an  infrequent  factor  in  the  development 
of  appendicitis. 

Trich-ina  spiralis. — So  far  as  injury  to  health  and  danger  to  life  are 
concerned,  this  is  the  most  important  nematode  which  infests  man.  Epi- 
demics of  what  we  now  know  as  trichinosis  have  occurred  in  central 
Europe,  especially  in  Germany,  during  the  last  two  centuries.  Definite 
history  of  the  disease,  however,  does  not  extend  back  farther  than  1828, 
when  Peacock  deposited  in  the  museum  of  Guy's  Hospital  muscle  prep- 
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arations  containing^  calcified  trichinae.  Five  years  later  Hilton  wrote 
of  "oval  bodies,  transparent  in  the  middle  and  opaque  at  their  end, 
altogether  about  one  twenty-fifth  of  an  inch  in  length"  which  he  found 
in  the  respiratory  muscles  of  a  man.  With  the  best  microscope  at  his 
command  Hilton  could  detect  ''no  organization"  in  these  bodies,  but 
he  believed  them  to  be  cysticerci.  In  1835  Paget  carried  a  piece  of 
muscle  containing  ineapsulated  trichinae  to  Owen,  who  succeeded  in 
making  out  the  parasite,  its  position  within  the  capsule,  and  its  char- 
acters. Owen  coined  the  name  Trichina  spiralis  and  is  usually  accred- 
ited with  its  discovery.  It  seems  that  at  the  same  time  that  Owen  was 
studying  his  specimens,  Wood,  of  Bristol,  was  finding  numerous  trichinae 
in  the  muscles  of  a  patient  who  died  after  entering  the  hospital  under 
the  diagnosis  of  acute  rheumatism. 

It  was  not  until  during  the  sixties  of  the  nineteenth  century  that  the 
trichina  was  recognized  as  a  harmful  and  even  a  deadly  parasite.  About 
that  time  epidemics  of  trichinosis  began  to  be  reported  from  widely 
distant  parts  of  Europe  and  from  both  North  and  South  America.  Amer- 
ican pork  came  to  be  regarded  as  dangerous  and  it  was  stated  at  that 
time,  probably  on  insufficient  evidence,  that  four  per  cent  of  all  the 
swine  in  the  western  states  were  trichinous.  European  governments 
forbade  the  importation  of  American  pork  or,  indeed,  of  any  American 
meat  not  only  on  account  of  infestation  with  tapeworm,  but  also  on 
account  of  the  more  serious  infestation  with  trichinae.  This  led  to  the 
federal  inspection  of  meats  exported  to  foreign  countries,  and  later  for 
all  meats  sold  outside  of  the  state  in  which  the  slaughtering  is  done. 
The  trichina  is  a  white  worm  from  1  to  2  mm.  in  length  and  barely  vis- 
ible to  the  unaided  eye.  The  female  is  about  twice  as  long  as  the  male 
and  is  viviparous.  The  adult  dwells  in  the  small  intestine  and  the  young 
migrate  into  muscles  and  there  encyst  themselves.  In  addition  to  man, 
the  natural  hosts  of  this  parasite  include  hogs,  both  tame  and  wild,  rats, 
and  lizards.  Infestation  results  from  eating  imperfectly  cooked  or  raw 
flesh  in  which  larval  trichinae  are  encysted.  Man  gets  his  infestation 
altogether  from  pork  and  within  two  or  three  days  after  eating  tri- 
chinous meat  the  adults  may  be  found  in  the  intestine.  Male  and  female 
lose  no  time  in  copulation  and  the  embryos  travel  through  the  tissues  of 
the  host,  encysting  themselves  by  preference  in  striated  muscles,  with 
apparent  special  fondness  for  the  muscles  of  the  diaphragm,  the  inter- 
costal and  laryngeal  regions.  In  the  encysted  form  the  parasites  may 
retain  their  vitality  for  months  and  even  for  years.  Both  the  adult 
and  larval  forms  may  greatly  disturb  health  and  endanger  the  life  of  the 
host.  The  adults  in  the  intestines  cause  much  irritation,  including 
sjnnptoms  of  dysentery,  with  blood-stained  mucous  stools  and  with  the 
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development  of  a  temperature  which  ina,y  run  to  106°.  At  the  same 
time,  the  larval  forms  are  making  their  journeys  through  the  various 
tissues  of  the  body,  causing  difficulty  in  respiration,  in  mastication,  pos- 
sibly in  vision,  more  rarely  interfering  with  brain  function  and  manifest- 
ing their  effects  in  delirium.  When  the  embryos  are  numerous  and  are 
taking  up  their  more  permanent  abodes  in  various  tissues  of  the  body, 
ill  effects  are  evidenced  by  edema  of  the  feet,  legs,  abdomen,  and  face, 
with  a  rapidly  progressive  anemia.  These  symptoms  may  be  mistaken 
for  food  poisoning,  dysentery,  typhoid  fever,  and  virulent  forms  of 
rheumatism.  When  several  people  in  the  same  family  or  in  the  same 
neighborhood  develop  these  symptoms  about  the  same  time,  trichinosis 
should  be  suspected;  the  parasite  should  be  sought  in  the  stools  and 
the  removal  of  small  pieces  of  deltoid  in  search  for  the  encysted  form 
may  be  justified.  It  is  customary  to  group  the  symptoms  of  trichinosis 
as  follows:  (1)  That  of  gastrointestinal  irritation;  (2)  muscular  pain; 
(3)   emaciation  and  marked  anemia. 

The  frequency  of  trichinosis  depends  upon  the  extent  to  which  the 
hogs  are  infested  and  upon  the  habit  of  eating  pork  raw  or  imperfectly 
cooked.  Trichinosis  has  been  most  in  evidence  in  Germany  and  in  this 
country  among  Germans,  because  of  the  habit  of  these  people  of  eating 
raw  or  imperfectly  cooked  pork  in  one  of  the  many  kinds  of  sausage 
in  the  preparation  of  which  they  are  so  adept. 

When  the  microscopic  examination  of  pork  was  carried  on  by  the 
Federal  Government  not  as  a  saiiitary  measure  but  for  the  purpose 
of  meeting  the  requirements  of  foreign  trade,  it  was  found  that  the 
percentage  of  trichinosis  in  hogs  in  this  country  varied  from  one  to 
two.  Hogs  from  certain  localities  furnished  a  much  larger  and  those 
from  other  localities  a  much  smaller  percentage.  Notwithstanding  the 
rather  wide  prevalence  of  trichinosis  among  hogs  in  this  country, 
there  is  but  little  danger  from  infestation  in  man  if  proper  precautions 
are  taken;  indeed,  this  danger  may  be  entirely  eliminated  if  pork  is 
not  eaten  until,  it  has  been  thoroughly  cooked  or  thoroughly  cured. 
Since  there  is  an  opinion  abroad  that  the  federal  inspection  of  meat 
eliminates  wholly  the  possibility  of  trichinous  infestation,  Ave  shall  quote 
the  following  from  Ransom,  Chief  of  the  Division  of  Zoology  of  the 
Bureau  of  Animal  Industry : 

"Microscopic  inspection  of  pork  (examining  certain  portions  of  the  carcasses  of 
slaughtered  hogs  with  the  microscope  and  condemning  carcasses  in  which  trichinae  are 
found),  on  account  of  the  danger  of  overlooking  the  parasites  in  many  cases  when 
they  may  be  present,  has  not  proved  to  be  an  effective  means  of  preventing  trichinosis 
in  countries  where  it  has  been  employed.  Although  the  chances  of  infection  are  greatly 
reduced  through  the  condemnation  of  many  trichinous  hogs  which  would  otherwise  be 
placed  on  the  market,  microscopic  inspection  in  another  way  favors  the  occur-reace  of 
trichinosis  by  creating  a   false  feeling  of  security  in  the  minds   of  the  public,  many 
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persons  believing  themselves  perfectly  safe  in  eating  raw  pork  if  it  has  been  inspected 
and  passed  as  free  from  trichinae.  The  experience  of  Germany,  where  a  very  elaborate 
system  is  in  operation,  with  a  force  of  inspectors  variously  estimated  at  25,000  to 
100,000,  fully  demonstrates  that  microscopic  inspection  is  not  successful  as  a  means 
of  barring  trichinous  pork  from  market.  Out  of  the  6,329  cases  of  trichinosis  occurring 
in  Germany  between  1S81  and  1898,  2,042  cases  (over  thirty-two  per  cent)  have  been 
traced  by  Stiles  to  meat  which  had  been  inspected  and  passed  as  free  from  trichinae. 
In  numerous  instances  trichinous  pork  has  been  microscopically  examined  as  many  as 
20  or  30  times  before  the  parasites  were  found,  and  as  it  is  utterly  impracticable  to 
make  so  many  examinations,  the  unreliability  of  inspection  for  trichinae  should  be 
obvious  to  all.  Since  its  uselessness  as  a  sanitary  measure  is  evident,  microscopic 
inspection  is  not  included  in  the  system  of  meat  inspection  followed  in  this  country. 
Consumers  should  understand  that  the  Government  mark  'U.  S.  Inspected  and  Passed' 
does  not  guarantee  that  the  meat  has  been  inspected  for  trichinae.  In  aU  cases,  there- 
fore, whether  pork  has  been  inspected  or  not,  it  should  be  thoroughly  cooked  or  thor- 
oughly cured  before  it  is  used  for  food." 

Dracunculus  medinensis  or  guinea  worm  infestation. — This  disease, 
under  the  name  dracontiasis,  has  been  known  from  most  remote  times. 
Castellani  and  Chalmers  think  it  is  probable  that  the  fiery  serpents  which 
are  said  to  have  attacked  the  children  of  Israel  in  the  desert  were  guinea 
worms  and  that  the  serpent  attached  to  the  stick  was  an  illustration  of 
the  method  then  employed  for  extracting  this  parasite  from  the  body. 
The  disease  is  mentioned  by  Plutarch,  and  Galen  describes  it  under  the 
name  we  now  employ.  Paul,  of  Aegina,  states  that  there  were  in  upper 
Egypt  worms  called  "clracunculi,"  which  were  found  in  the  muscles  of 
the  limbs  of  men  and  which  moved  and  finally  sought  an  exit  by  burrow- 
ing through  the  cuticle.  He  advises  that  as  soon  as  the  head  protrudes 
it  should  be  fixed  or  attached  to  a  stick  or  piece  of  metal,  and,  while  the 
parts  are  kept  irrigated  by  hot  water,  the  worm  should  be  gently  pulled 
out.  He  states  that  if  during  this  procedure  the  worm  breaks  there 
will  be  much  pain.  The  first  to  scientifically  study  this  disease  was 
Fedschenko,  of  Turkestan,  who,  in  1870,  discovered  that  this  worm  be- 
comes a  parasite  in  a  species  of  cyclops,  a  fresh-water  crustacean.  Fed- 
schenko believed  that  the  worm  enters  the  cyclops  by  piercing  and 
traversing  its  integument.  Later  observations  by  Manson,  Blanchard 
and  Wenyon  have  shown  that  the  cyclops  swallows  the  embiyo  worms. 
The  latter  then  pierce  the  stomach  walls  of  the  cyclops,  escape  into  its 
body  cavity,  and  may  kill  the  crustacean.  In  1907  it  Avas  shown 'by 
Leiper  that  man  becomes  infected  by  swallowing  water  containing  the 
cyclops.  In  the  human  stomach  the  crustacean  is  killed,  probably  by 
the  hydrochloric  acid  of  the  gastric  juice,  and  the  enclosed  worms  are 
set  free.  The  worms  then  bore  through  the  walls  of  the  stomach  and 
develop  into  adult  forms,  some  of  which  may  measure  as  much  as  30 
inches  in  length.  Turkhud  reported  that  a  man  who  drank  water  con- 
taining infected  cyclops  on  April  5,  1913,  first  showed  the  presence  of 
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the  worm  in  liis  body  on  March  18,  1914.  The  adult  female  apparently 
wanders  about  through  the  bodj^  seeking  opportunity  to  pierce  the  skin 
and  reach  the  surface  where  she  may  discharge  the  contents  of  her 
uterus.  In  the  large  majority  of  instances  the  worm  travels  down- 
ward and  makes  its  point  of  rupture  through  the  skin  in  the  lower  ex- 
tremities. In  males  the  point  of  presentation  is  occasionally  in  the 
scrotum.  In  both  sexes  it  is  more  rarely  in  the  upper  extremities,  on 
some  part  of  the  trunk  and  very  rarely  about  the  face  or  head.  Break- 
ing through  the  skin  is  accomplished  by  the  secretion  of  some  irritating 
iigestive  substance  and  is  often  accompanied  by  slight  fever  and  by 
urticaria.  At  first  the  epidermis  over  the  head  of  the  worm  is  elevated 
and  this  is  followed  by  the  formation  of  a  blister  which  finally  rup- 
tures, disclosing  an  erosion  which  may  be  from  three-fourths  to  one  inch 
in  diameter.  At  the  center  of  this  erosion  there  is  a  minute  opening  and 
through  this  the  head  of  the  worm  is  slowly  and  hesitatingly  protruded. 
From  the  head  there  is  exuded  a  fluid  which  is  at  first  clear  and  then 
cloudy.  Finally,  the  uterus  of  the  parasite  is  extruded  through  the 
head  and  may  extend  beyond  the  surface  as  much  as  an  inch,  when  it 
suddenly  fills  with  a  whitish  fluid,  ruptures  and  discharges  its  con- 
tents. In  other  instances  there  is  no  visible  protrusion  of  the  uterus 
and  the  milky  fluid  is  discharged  from  the  bottom  of  the  erosion.  A 
microscopic  examination  of  this  milky  fluid  shows  it  to  contain  numer- 
ous embryos,  actively  moving.  The  discharge  of  these  embryos  from 
the  guinea  worm  is  encouraged  by  douching  the  sore  with  water.  The 
purpose  of  the  female  apparently  is  to  discharge  her  brood  into  water. 
Some  observers  have  remarked  that  the  application  of  cold  to  the  skin 
of  the  host  about  the  erosion  stimulates  the  worm  to  discharge  her 
uterine  contents.  After  successfully  disposing  of  her  embryos  the 
mother  apparently  dries  up  and  gives  no  further  inconvenience. 

Castellani  and  Chalmers  have  the  following  to  say  concerning  the 
symptomatology  of  dracontiasis: 

"The  worm  as  a  rule  produces  no  sj^mptoms  until  a  little  vesicle  appears  on  the  skin, 
or  the  outline  of  the  ■worm  is  noticed  under  the  skin,  but  urticarial  eruptions  have  been 
observed  by  several  authors  and  ourselves.  The  little  vesicle  bursts,  leaving  a  round 
hollow,  out  of  which  exudes  a  clear  fluid  full  of  larvae,  and  at  the  bottom  of  which 
lies  the  vaginal  orifice  of  the  wonn.  After  discharging  a  certain  amount  of  fluid,  the 
anterior  end  of  the  worm  extrudes  through  the  skin  opening,  and  is  either  twisted  on 
a  stick  or  fixed  in  position  by  a  piece  of  string  by  the  native  patient.  It  is  not  advisable 
to  pull  vigorously  on  the  protruded  piece  of  worm,  as  it  is  liable  to  break,  and  if  this 
happens  a  serious  inflammation  of  the  affected  area  may  result.  The  wound  usually 
quickly  heals  after  the  worm  has  finally  been  extracted.  The  usual  site  for  it  to 
appear  is  about  the  feet  or  legs,  more  rarely  the  hands  or  arms,  still  more  rarely  the 
head  or  trunk.  But  all  cases  are  not  so  simple,  and  aching  or  dragging  sensations, 
sometimes  accompanied  by  rigors  and  fever,  may  occur.     Rarely  it  enters  a  knee  joint, 
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and  causes  synovitis  or  arthritis.     Usually  there  is  only  one  worm,  but  there  may  be 
more. ' ' 

A  French  surgeon,  Emily,  injects  into  the  body  of  the  worm  when  it  pro- 
trudes through  the  erosion  a  few  drops  of  a  solution  of  bichlorid  of 
mercury  1-1000.  This  apparently  kills  the  worm  and  renders  its  extrac- 
tion easy.  In  some  instances  it  is  possible  to  see  the  worm  through  the 
skin  and  to  puncture  its  body  and  make  an  injection  anywhere  along 
its  length.  Macfie  has  employed  intravenous  injections  of  tartar  emetic 
and  states  that  four  grains  of  this  preparation  thus  used  is  sufficient  to 
kill  the  worm  in  both  its  adult  and  embryonic  stages. 

Protection  against  guinea  worm  infection  lies  in  the  sterilization  of 
drinking  water.  It  seems  that  both  the  worm  and  its  host,  the  cyclops, 
are  destroyed  at  relatively  low  temperatures.  Leiper  states  that  pass- 
ing steam  into  wells  so  as  to  raise  the  temperature  of  the  water  to 
65°  C.  is  sufficient  to  destroy  the  worm  and  its  carrier.  For  this  pur- 
pose he  employs  a  portable  steam  generator  which  travels  through  the 
infested  country  and  is  used  on  every  form  of  water-supply.  The  guinea 
worm  is  at  home  in  certain  parts  of  India,  in  Persia,  Arabia,  Turkestan, 
the  west  coast  of  Africa,  and  tropical  Africa.  Apparently,  in  recent 
years  it  has  gained  a  foothold  in  Brazil  (Feira  de  Santa  Anna).  The 
guinea  worm  lives  but  a  very  few  days  in  clear  water,  while  in  mudd}^ 
water  it  may  retain  its  vitality  for  as  many  weeks.  It  will  bear  marked 
drying,  but  is  brought  back  to  life  upon  the  application  of  moisture. 
According  to  Liston,  one  hundred  per*  cent  of  the  village  wells  and 
tanks  in  .Dahomey  contain  the  cyclops.  This  investigator  thinks  that 
there  are  several  species  of  the  cyclops  which  serve  as  hosts  for  the 
guinea  worm. 

Ankylostoma  and  filariae  are  nematode  worms,  but  they  are  dis- 
cussed with  the  diseases  which  they  cause. 
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CHAPTER  XIX 

HOOKWORM  DISEASE 

Ankylostomiasis ;   Uncinariasis 

Etiology. — This  condition  is  due  to  the  presence  of  a, parasitical  worm 
in  the  small  intestine.  There  are  two  species  of  this  parasite.  The  first, 
known  as  Ankylostoma  duodenale,  was  discovered  and  described  by 
Dubini  in  1843.  The  second,  known  as  Uncinaria  americana,  was  de- 
scribed and  named  by  Stiles  in  1902.  Later,  Stiles  suggested  the  name 
Necator  americanus  (American  Murderer)  for  the  second  species.  The 
ankylostoma  is  also  known  as  the  old  world  hookworm,  and  the  unci- 
naria as  the  new  world  hookworm.  However,  as  is  now  known,  both 
species  are  found  in  both  hemispheres;  and  it  is  probable  that  the  so- 
called  American  species  came  from  Africa.  The  following  description 
of  ankylostoma  is  taken  from  Braun's  work  on  Animal  Parasites: 

''The  body  is  cylindrical;  attenuated  anteriorly  and  of  a  liglit  reddish  color.  In 
the  oral  cavity,  on  the  ventral  surface  close  behind  the  orifice,  there  are  four  hook-like 
teeth  dii'ected  backwards;  on  the  dorsal  surface  there  are  two  teeth  directed  forwards; 
in  the  base  of  the  oral  cavity  there  is  one  tooth  directed  forwards  on  the  dorsal  surface, 
and  two  chitinous  lamellae  spreading  leaf-like  on  the  ventral  surface.  The  males 
measure  8  to  10  mm.  in  length,  0.4  to  0.5  mm.  in  breadth;  the  bursa  has  two  large 
lateral  and  one  small  dorsal  alar  processes;  the  rib  of  the  latter  terminates  in  two 
tridentate  points;  a  curved  idb  directed  backwards  arises  from  each  side  of  the  trunk 
of  the  central  rib;  each  lateral  wing  is  supported  by  four  ribs;  the  two  spicules  are 
long  and  slender.  The  females  measure  12  to  18  mm.  in  length,  the  caudal  extremity 
has  a  small  spine;  the  vulva  is  somewhat  in  front  of  the  posterior  quarter  of  the  body. 
The  eggs  are  elliptical  and  have  thin  shells ;  they  measure  0.055  to  0.065  mm.  in  length 
and  0.032  to  0.045  in  breadth,  and  are  laid  in  a  state  of  segmentation. ' ' 

The  Uncinaria  americana  is  easily  distinguished  from  the  Ankylo- 
stoma duodenale.  The  former  is  shorter  and  more  slender,  the  male 
measuring  from  7  to  9  mm.  in  length  by  0.3  to  0.35  mm.  in  diameter. 
The  oral  cavity  is  smaller,  and  instead  of  four  ventral  hook-like  teeth, 
is  provided  with  a  pair  of  prominent  semilunar  plates.  The  dorsal 
tooth  is  also  represented  by  a  pair  of  slightly  developed  chitinous  plates. 
The  outlet  of  the  dorsal  head-gland,  usually  known  as  the  dorsal  rib  or 
tooth,  projects  into  the  oral  cavity.  In  the  buccal  capsule  are  pairs  of 
dorsal  and  ventral  submedian  lancets. 

"While  the  ankylostoma  is  larger  than  the  uncinaria,  the  eggs  of  the 
latter  are  larger  than  those  of  the  former,  measuring  from  64  to  75 
microns  in  length  by  36  to  40  microns  in  breadth.  The  eggs  of  both 
species  are  ellipsoidal. 
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The  life-liistory  of  these  two  parasites  is  identical  and  is  well  known 
in  ererr  particular.  For  practical  purposes  there  need  be  no  distinction 
between  the  two  species  and  we  shall  refer  generally  to  this  parasite  in 
the  singular.  It  passes  its  parasitical  existence  in  man  and  in  a  few 
anthropomorphons  apes.  It  is  harbored  by  no  other  animals  and  man 
is  essential  to  its"  continued  existence. 

The  fully  dereloped  worm  is  found  only  in  the  upper  part  of  the 
small  intestines  of  man.  Here  it  attaches  itself  to  the  mucous  and  sub- 
mucous membrane,  from  which  it  draws  its  nourishment.  The  sexes 
copulate  in  the  intestine,  and  the  female  discharges  eggs  already  par- 
tially dereloped  or  in  the  segmentary  stage.  The  eggs  never  hatch  in 
the  intestine.  There  is  no  multiplication  of  the  organism  during  its 
parasitical  life.  It  follows,  therefore,  that  if  there  be  only  one  infection 
it  can  continue  only  so  long  as  the  original  indiriduals  live.  Exactly 
what  this  period  is  it  is  difficult  to  positively  determine,  because  in  most 
countries  where  hookworm  disease  prevails  the  individual  is  repeatedly 
infested.  The  greatest  possible  life  for  one  generation  of  parasites  in 
the  intestine  is  believed  to  be  somewhere  about  six  years.  The  eggs 
are  constantly  being  discharged  from  the  females  in  the  intestine  and 
pass  from  the  body  in  the  feces.  They  are  hatched  in  the  soil,  liberating 
the  larvae.  For  the  process  of  hatching,  heat,  moisture,  and  shade,  are 
essential.  Complete  desiccation  quickly  destroys  the  eggs.  The  opti- 
mum temperature  for  incubation  is  from  25°  to  35°  C.  Low  tempera- 
tures prevent  hatching,  and  it  is  generally  st-ated  that  free2ing  kills  the 
ova :  however,  Oliver  states  that  he  froze  infested  feces  and  then  gently 
thawed  it,  after  which  the  larvae  appeared  on  the  sixth  day.  He  also 
kept  such  feces  ten  weeks  at  from  15°  to  17°  C,  during  which  time 
there  was  no  segmentation;  but  when  the  temperature  was  raised  seg- 
mentation proceeded  and  developed  larvae  more  vigorous  than  those 
hatched  immediately.  It  is  quite  certain,  however,  that  prolonged 
cold,  as  that  experienced  in  our  northern  winters,  completely  kills  the 
ova.  For  that  reason  hookworm  disease  is  not  prevalent  in  northern 
portions  of  the  temperate  zone  except  in  places  where  the  soil  is  more 
or  less  constantly  warm,  such  as  in  deep  mines,  in  brickyards,  and  about 
furnaces.  Direct  exposure  to  sunlight  kills  the  ova.  Diffuse  daylight 
checks  their  development  and  they  find  the  best  conditions  in  dark 
places.  The  presence  of  oxygen  is  also  necessary  in  the  hatching  of 
the  eggs.  For  this  reason  the  eggs  on  the  surface  of  stools  develop 
quickly,  while  those  protected  from  oxygen  in  the  interior  of  the  hard 
feces  may  remain  without  further  segmentation  quite  indefinitely.  The 
eggs  will  not  hatch  under  water.  Frequently  it  happens  that  the  stools 
are  sufficiently  dilute  to  prevent  the  production  of  larvae.    Ashford  and 
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King  found  the  coffee  plantations  in  Porto  E-ico  ideal  places  for  the 
development  and  spread  of  hookworm  disease.  When  they  began  their 
work,  privies  on  these  plantations  were  practically  -unknown.  Coffee 
trees  must  have  protection  from  too  much  sunlight  by  larger  growths. 
The  workers  deposited  fecal  matter  widely  over  these  shady  planta- 
tions, the  frequent  rains  kept  the  ground  moist,  the  trees  furnished  the 
shade,  and  the  whole  surface  of  the  earth  was  filled  with  larvae.  The 
larvae  as  they  escape  from  the  eggs  are  from  0.2  to  0.25  mm.  long  and 
0.01  to  0.017  mm.  thick.  They  are  highly  motile  and  markedly  tenacious 
of  life.  They  come  into  being  with  a  small  amount  of  food  substance 
in  the  form  of  granular  particles  in  the  glands  of  the  intestines.  Upon 
this  material  they  may  lii^e  possibly  for  five  or  ten  days.  This  is  shown 
by  the  fact  that  when  placed  in  distilled  water  the  granular  particles 
may  be  seen,  under  the  microscope,  to  gradually  disappear,  and  life 
terminates  in  the  above  mentioned  time.  They  do  not  move  freely 
in  water  but  either  sink  to  the  bottom  or  crawl  up  any  projecting 
object,  thus  getting  out  of  the  water.  They  have  been  found  upon  wet 
timber  supports  in  mines  at  a  height  of  one  meter  above  the  fioor. 
Likewise,  they  have  been  seen  in  the  cracks  between  boards  of  bath 
houses. 

Under  the  most  favorable  conditions  the  eggs  may  hatch  within  from 
one  to  three  days.  Within  from  two  to  five  days  after  hatching  the 
larvae  first  molt  or  shed  the  skin.  There  is  no  change  during  this 
process  in  shape  or  size.  A  new  skin  forms  under  the  old,  and  during 
this  stage  the  larvae  grow  both  in  length  and  thickness.  The  second 
molting  or  ecdysis  occurs  within  from  five  to  nine  days.  In  this  stage 
the  old  skin  still  surrounds  the  body  while  the  new  skin  is  being  formed. 
The  appearance  presented  during  this  molting  has  been  interpreted 
as  a  stage  of  encystment.  After  this  there  is  no  further  growth  out- 
side the  host  and  the  larvae  are  ready  for  transference  to  the  intestine 
of  man.  In  this  so-called  ''ripe"  stage  they  seem  to  be  able  to  live 
on  nothing  and  continue  to  live  quite  indefinitely.  Cort  and  his  co- 
workers, studying  the  problem  on  the  Island  of  Trinidad,  came  to  the 
conclusion  that  the  generally  held  belief  that  infective  hookworm  larvae 
may  live  in  the  soil  for  long  periods  is  not  true,  having  experimented 
with  different  kinds  of  soil,  especially  clay  loam,  sand,  and  clay  loam 
sod.  The  soil  was  kept  constantly  moistened  and  there  was  a  daily 
range  of  temperature  from  74°  to  94°  F.  Sheathed  larvae  were  placed 
on  the  surface  of  these  soils  and  the  rate  of  reduction  was  observed. 
These  experiments  showed  a  very  rapid  decrease  in  the  number  of 
larvae,  amounting  in  some  instances  within  three  weeks  to  ninety  per 
cent  with  a  total  disappearance  in  about  six  weeks.  They  have  been 
found  in  the  mud  of  mines  ten  months  after  the  mine  had  been  closed. 
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Oliver  kept  tliem  in  water  under  a  vaselin  seal  and  found  them  alive 
after  eleven  months.  It  should  be  clearly  understood  that  neither  the 
eggs  nor  the  unripe  larvae  can  groAv  in  the  human  intestine  and  would 
do  no  harm  when  swallowed.  The  eggs  liberated  in  the  intestines  never 
hatch  in  that  location,  nor  would  they  do  so  if  collected  from  the  feces 
and  directly  swallowed.  Likewise,  infection  would  not  result  from 
swallowing  unripe  larvae.  An  extracorporeal  development  is  an  essen- 
tial link  in  the  life-cycle.  The  whole  time  required  outside  the  human 
body  for  the  hatching  of  the  egg  and  the  development  of  the  larvae 
to  the  ripe  stage,  when  it  is  ready  to  be  transferred  to  a  host,  measures 
from  five  to  seven  days. 

Avenues  of  Infection. — There  are  two  avenues  by  means  of  which 
the  ripe  larvae  find  their  way  into  the  intestines  of  man.  The  most 
direct  of  these  is  through  the  mouth  by  swallowing.  This,  however, 
occurs  very  rarely.  As  has  been  stated,  should  one  swallow  feces  con- 
taining eggs  and  unripe  larvae  there  would  be  no  development  of  the 
worm  in  the  intestines  as  a  consequence.  The  ripe  larvae  must  be  swal- 
lowed, and  this  occurs  only  exceptionally.  Ashford  and  King  make  the 
following  statement  concerning  direct  infection  through  the  mouth: 

''Soiling  the  mouth  with  muddy  hands  at  meal  time;  eating  muddy  vegetables  and 
fruits;  drinking  muddy  water;  drinking  from  muddy  receptacles;  inadvertently  swal- 
lowing muddy  water  while  bathing  in  streams;  earth  eating;  carrying  muddy  clotliing 
home  to  soil  the  hands  of  wife  and  children;  cleaning  of  muddy  feet  and  transferring 
the  infection  to  the  finger  nails;  crawling  of  cliildren  in  earth  which  they  frequently 
eat;  handling  of  mud-bedraggled  dresses  before  meals;  eating  of  sweets  made  in  dirty, 
muddy  houses;  drinking  of  guarapo,  the  expressed  juice  of  sugar  cane.  This  list 
comprises  by  no  means  all  of  the  possible  modes  of  infection  by  the  mouth. ' ' 

The  direct  infection  by  the  mouth  through  swallowing  of  the  ripe 
larvae  may  occur,  as  has  been  demonstrated,  by  direct  experiment  in 
man.  It  has  been  found  that  within  from  five  to  six  weeks  after  intro- 
duction by  this  avenue,  the  parasite  has  established  itself  in  the  in- 
testine, has  become  sexually  mature,  and  has  engaged  in  the  reproduc- 
tion of  itself  through  eggs.  Drinking  water  as  a  source  of  infection 
cannot  be  altogether  ignored,  but  it  is  rather  remote,  considering  the 
fact  that  the  larvae  sink  to  the  bottom  very  rapidly  and  completely. 
The  possibility  of  introducing  the  larvae  in  salad  and  similar  uncooked 
foods  is  greater.  The  swallowing  of  dried  earth  would  have  no  effect, 
and  we  must  conclude  that  Ashford  and  King  have  quite  thoroughly 
summed  up  the  most  probable  chances  of  direct  infection  through  the 
mouth. 

The  second  avenue  of  infection  is  through  the  skin.  The  ripe  larvae 
can  easily  penetrate  the  unbroken  skin.  Certain  skin  lesions,  under 
various  names,   such   as,   ''ground-itch,"   ''toe-itch,"   "mud-itch,"   etc.. 
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are  known  in  all  countries  infested  with  hookworm.  The  ripe  larvae 
existing*  in  mud  through  which  the  barefoot  boy  or  man  wades,  almost 
immediately  penetrate  the  skin.  Myriads  may  within  a  few  minutes 
find  their  way  into  the  body.  This  has  been  abundantly  demonstrated 
by  direct  experiment  made  by  Ashford,  King,  and  Igaravidez,  consti- 
tuting the  Porto  Rican  Commission  on  Uncinariasis,  by  Smith,  of  Atlanta, 
and  others.  These  investigators  have  found  that  if  a  bit  of  mud  or  a 
drop  of  water  infested  with  ripe  larvae  be  placed  on  the  skin  and  left 
in  this  position  for  a  few  hours,  then  thoroughly  removed,  the  skin 
under  the  application  will  redden ;  and  in  a  short  time  after  this  a 
papular  eruption  will  appear  accompanied  by  itch  and  followed  by  the 
development  of  pustules.  For  instance,  Smith  placed  mud  containing 
ripe  larvae  on  the  arm  of  a  man  not  previously  infested.  The  mud 
poultice  was  allowed  to  remain  one  hour.  In  eight  minutes  after  the 
application  was  made  itching  was  complained  of  and  on  removing  the 
poultice  a  macular  eruption  was  present.  The  next  day  the  wrist  was 
swollen  and  on  the  second  day  the  eruption  had  become  vesicular  and 
caused  intense  itching.  On  the  fifth  day  the  vesicles  had  become  con- 
fluent and  the  axillary  glands  were  enlarged  and  tender.  On  the  eighth 
day  there  was  some  sore  throat  with  fever.  Following  this  there  was 
occasionally  an  unusual  feeling  in  the  stomach.  Hookworm  eggs  ap- 
peared in  the  stools  during  the  seventh  week  after  the  application. 

Numerous  experiments  have  been  made  upon  animals,  and  the  course 
of  the  parasite  after  penetration  of  the  skin  has  been  traced.  The  ripe 
or  encysted  larvae  penetrate  tissue  of  almost  any  kind  with  wonderful 
rapidity  and  soon  reach  the  blood  stream  where  they  are  carried  to 
the  right  side  of  the  heart,  from  which  they  pass  to  the  lungs.  Having 
reached  the  pulmonary  capillaries,  Avhich  are  too  small  for  their  trans- 
mission, they  again  penetrate  the  tissue  and  pass  into  the  bronchial 
tubes.  From  the  bronchi  they  are  brought  by  the  action  of  the  ciliated 
epithelium  and  by  coughing  into  the  trachea  and  the  mouth.  Having 
reached  the  oral  cavity  they  are  swallowed,  pass  through  the  stomach, 
and  take  up  their  residence  in  the  duodenum  and  jejunum.  No  doubt 
if  the  saliva  becomes  contaminated  many  of  the  organisms  are  expec- 
torated. Those  who  have  had  ground-itch  should  be  instructed  not  to 
swallow  their  sputum.  The  ripe  larvae  are  not  affected  in  any  way  by 
the  gastric  juice  and  four  or  five  days  after  reaching  the  small  in- 
testine the}^  again  molt,  and  in  doing  so  are  furnished  with  a  buccal 
capsule.  By  means  of  this  apparatus  they  fasten  themselves  to  the 
mucous  membrane  and  begin  to  feed  upon  that  tissue.  Four  or  five 
days  later  the  last  molting  or  casting  off  of  skin  is  begun,  after  which 
the  worms  grow  rapidly  and  within  from  six  to  eight  Aveeks  after  enter- 
ing' the  bodv  they  begin  to  lav  eggs  which  are  discharged  in  the  feces. 
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It  will  be  seen  from  the  above  that  every  step  in  the  life  of  these  para- 
sites is  known.  When  applied  to  the  skin  of  the  lower  animals  ripe 
larvae  penetrate  the  tissue,  reach  the  blood,  and  are  carried  to  the  heart 
and  lungs  where  they  develop  and  may  cause  death.  Ashf  ord  and  King 
made  application  of  a  culture  to  the  shaven  but  unbroken  skin  of  a  young 
guinea  pig  which  died  three  hours  later.  Examination  showed  one  lung 
solidified  with  blood,  while  the  other  was  marked  by  hemorrhagic  spots. 
In  these  tissues,  as  well  as  in  the  blood,  numerous  larvae  were  found. 

History. — A  rather  far-fetched  attempt  has  been  made  to  show  from 
the  Ebers  Papyrus  (1550  B.C.)  that  this  parasite  was  known  to  and 
afflicted  the  ancient  Egyptians.  It  is  quite  certain  that  the  great  pioneer 
health  officer,  Moses,  understood  the  danger  that  lies  in  unburied  feces. 
He  issued  the  following  sanitary  regulation: 

' '  Thou  slialt  have  a  place  also  without  the  camp,  whither  thou  shalt  go  forth  abroad ; 
and  thou  shalt  have  a  paddle  among  thy  weapons;  and  it  shall  be,  when  thou  sittest 
thee  down  abroad,  thou  shalt  dig  therewith  and  shalt  turn  back  and  cover  that  which 
cometh  from  thee."     (Deuteronomy  xxiii,  12-13.) 

Whatever  precautions  Moses  and  others  may  have  taken,  the  hook- 
worm has  continued  its  existence  and  is  now  found  all  around  the  world 
in  the  tropical  and  subtropical  belts  from  36°  north  to  30°  south  of 
the  equator.  The  magnitude  of  the  problem  will  be  understood  when 
it  is  stated  that  more  than  half  the  population  of  the  world  lives  in 
this  area.  In  colder  climates  it  is  found  in  the  soil  only  in  deep  mines, 
about  brickyards,  charcoal  ovens,  and  other  places  where  the  soil  is 
kept  at  a  relatively  high  temperature. 

It  is  an  interesting  fact  that  our  short  and  decisiA'C  war  with  Spain 
opened  up  at  least  three  important  medical  and  scientific  jDroblems. 
Following  this  war  came  the  epoch-making  discovery  of  Reed  and  his 
associates  of  the  transmission  of  yellow  fever  by  a  certain  mosquito. 
As  a  result  of  the  discovery  Cuba  was  freed  from  this  disease  and  the 
building  of  the  Panama  Canal  was  made  possible.  The  wide  prevalence 
of  typhoid  fever  in  our  own  army  during  that  war  led  to  an  investiga- 
tion which  demonstrated  most  fully  that  this  disease  is  disseminated 
not  only  by  water  and  milk,  but  by  flies,  and  especially  that  it  results 
from  contact.  So  great  was  the  impetus  given  to  the  study  of  typhoid 
fever  that  investigations  did  not  stop  until  it  w^as  shown  by  combined 
sanitation  and  vaccination  the  disease  can  be  completely  eradicated. 
Soon  after  the  American  occupation  of  Porto  Pico  and  while  that  Island 
was  still  under  military  control,  the  ''anemia"  so  prevalent  among  the 
inhabitants,  was  shown  by  Ashford  to  be  due  to  hookworm  infection. 
In  1899  the  population  of  Porto  Pico  was  953,243,  with  a  density  of 
264  to  the  square  mile.     Only  8.7  per  cent  lived  in  towns  of  over  8,000 
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iuliabitaiits  and  tlie  total  urban  population  in  all  towns  of  1,000  or  over 
was  203,792,  leaving  749,451  living  in  villages  and  in  the  country.  Many 
of  the  country  dwellers  were  highly  respectable  and  lived  in  good  houses 
in  relative  comfort.  The  working  classes  on  these  estates,  known  as  the 
''jibaro,"  constituted  the  large  mass  of  country  people.  Ashford  says 
the  jibaro  is  a  squatter  and  does  not  ov^n  the  land  upon  which  he  builds 
his  modest  house,  which  is  a  framework  of  poles  with  walls  of  the  bark 
of  the  Royal  palm,  and  with  a  roof  of  the  same  material  or  of  tough 
grass  which  is  used  for  thatching.  Generally  the  floor  is  well  raised 
from  the  ground  on  posts,  and  the  family  is  truly  a  poor  and  miserable 
one  which  is  content  to  have  an  earthen  floor.  The  ordinary  house  has 
but  one  room  and  accommodates  five  or  more  persons.  The  diet  of 
these  people  is  of  the  scantiest  kind.  The  man  of  the  house  is  employed 
largely  on  the  coffee  plantations.  He  goes  half-fed,  poorly  clothed,  with 
bare  feet,  and  deposits  his  excretions  anywhere  in  the  bushes.  These  ex- 
cretions are  loaded  with  hookworm  eggs.  Conditions  for  their  hatch- 
ing are  most  favorable  with  optimum  temperature,  shade,  and  moisture. 
G-round-itch,  known  locally  as  "mazomorro,"  is  annual  and  almost  uni- 
versal among  these  people. 

Ashford  gives  the  following  interesting  and  sympathetic  description 
of  the  Porto  Bican  peasant : 

''The  jibaro,  mountain  bred,  avoids  the  town  whenever  possible,  avoids  the  genteel 
life  of  a  higher  civilization,  to  that  of  his  own.  He  instinctively  tucks  his  little  hut 
away  in  the  most  inaccessible  spots;  he  shrinks  from  the  stranger  and  lapses  into 
stolid  silence  when  brought  face  to  face  with  things  that  are  foreign  to  his  life.  He 
does  this  because  he  has  been  made  to  feel  that  he  must  do  all  that  he  is  told  to  do  by 
established  authority,  and  he  knows  that  this  authority  never  takes  the  trouble  to  look 
for  him  unless  it  expects  to  get  something  out  of  him;  because  he  is  suspicious  of 
outsiders,  having  been  too  often  led  astray  by  false  prophets  and  disappointed  by 
broken  promises;  because  he  realizes  that  he  is  not  a  free  agent  anywhere  save  in  the 
mountain  fastnesses.  In  other  words,  he  seeks  liberty  in  his  home,  freedom  from  the 
constant  repression  of  those  he  recognizes  as  his  superiors,  and  exemption  from  a  repe- 
tition of  deceptions  that  have  been  so  often  practiced  upon  him.  He  has  always  been 
made  to  stay  strictly  in  his  class,  in  the  'jibaro'  class.  Frequently  when  he  tries  to 
express  himself  he  is  laughed  down,  frowned  down,  or  growled  down.  'Tu  eres  un 
jibaro'  is  not  a  term  of  reproach  exactly,  but  it  means,  'You  are  not  in  a  position  to 
express  yourself  for  you  are  only  a  mountaineer.  You  know  nothing  of  our  world; 
you  are  still  a  child.  Your  place  is  under  the  shade  of  the  coffee  tree;  the  mark  you 
.bear  is  clear  to  everyone;  you  are  a  "jibaro".'  Thus  there  is  a  gi-eat  difference  be- 
tween those  who  are  jibaros  and  those  who  are  not  jibaros,  i.  e.,  those  who  live  in  towns 
or  those  who  command  in  the  country.  This  distinction  is  neither  made  unkindly  nor 
roughly.  All  the  Porto  Eican  people  are  kindly  and  they  love  their  'jibaros,'  but 
nevertheless  they  treat  them  as  though  they  were  children.  And  the  jibaro  loyally 
follows  Ms  educated,  emancipated  fellow  citizen,  perfectly  satisfied  to  be  guided  as 
the  latter  sees  fit. 

"Much  of  this  guidance  is  excellent,  and  it  is  not  our  mission  to  seek  to  break  down 
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barriers  which  today  may  be  needful.  The  jibaro  is  respectful  and  obedient,  fearful 
of  the  law  and  never  defiant  of  his  superiors;  he  is  generous  to  a  fault,  sharing  with 
any  wayfarer  his  last  plantain;,  he  is  devoted  to  his  family  and  to  his  friends.  Had 
he  been  ill  treated  by  the  educated  and  conti'olling  class  in  the  island  he  would  be 
sullen  and  savage,  but  this  has  not  been  the  case.  If  it  is  true  that  the  jibaro  is  in 
many  ways  differentiated  from  the  upper  classes  it  is  equally  true  that  there  is  no 
masonry  so  strong  as  that  existing  among  the  jibaros  of  Porto  Rico.  Bound  to  each 
other  by  the  most  intricate  ties  of  relationship  and  by  a  still  more  potent  one,  the 
eternal  bond  conferred  by  the  title  'compadrc'  or  godfather,  they  share  their  troubles 
and  shield  each  other  as  though  they  belonged  to  one  great  family.  It  is  really  wonder- 
ful to  see  how  quickly  and  with  what  complete  self-abnegation  an  orphaned  child  or  a 
widowed  mother  is  gathered  into  some  poor  neighbor 's  hut  and  there  eared  for.  *  *  * 
Education  will  transform  this  jibaro  into  something  much  better  or  much  worse,  for  he 
will  not  remain  content  as  he  is  when  he  can  read,  wi'ite,  and  see  the  world  with  his 
own  eyes.  In  tlris  education  the  respect  he  bears  his  more  fortunate  compatriots,  the 
power  for  good  they  have  over  him,  and  the  confidence  he  reposes  in  them  must  be 
preserved.  The  labor  he  must  perform  to  enrich  the  island  must  be  dignified  by  his 
employer  and  by  himself,  or  else  the  hills  will  be  deserted  and  the  'jibaro'  will  become 
a  vicious  hanger-on  of  towns.  Better  homes,  better  means  of  communication  with  towns, 
now  becoming  an  accomplished  fact,  better  food,  education,  in  wliich  remarkable  prog- 
ress is  being  made  at  this  day,  better  habits  of  life,  especially  those  relating  to  the 
modem  prevention  of  disease,  must  form  a  part  of  any  plan  adopted  to  improve  his 
condition.  The  planter  who  today  sees  only  the  laborer  must  see  in  him  the  man  whose 
bodily,  mental,  and  moral  development  will  make  the  plantation  a  success.  The  planter 
is  the  mail  of  all  men  in  Porto  Rico  who  must  begin  to  help  the  jibaro  upward  in  order 
to  emerge  from  his  own  present  industrial  depression. 

"It  is  a  specious  excuse,  nothing  more  nor  less,  which  avers  that  a  jibaro  is  born 
the  way  he  is  and  cannot  be  changed  at  this  late  day,  that  we  must  await  a  new 
generation,  etc.  On  that  principle  w^e  could  expect  very  little  from  the  antituberculosis 
crusades  in  New  York.  The  truth  is  that  to  change  the  jibaro  we  must  convince  him 
that  he  will  be  bettered  by  the  change,  and  he  is  sharp  enough  to  change  then,  but  the 
gist  of  all  is  that  these  changes  must  be  begun  by  the  men  to  whom  the  jibaro  has 
always  looked  for  light,  and  this  means  good  hard  work  and  much  perseverance,  tact, 
and  genuine  personal  interest.  From  our  acquaintance  with  the  men  to  whom  this 
burden  will  fall  we  should  say  that  they  are  not  only  sufficiently  good  business  men  to 
realize  the  benefit  they  would  get  out  of  a  healthy  laboring  class,  but  that  the  innate 
patriotism  of  the  Porto  Rican  agriculturist  and  the  deeper  underlying  sympathy  for 
his  jibaro  will  some  day  bring  about  the  reforms  that  they  alone  can  make  possible." 

The  first  years  of  American  occupation  of  Porto  Eico  were,  from  a 
sanitary  standpoint,  not  complimentary  to  our  nation.  During  the  last 
five  years  of  Spanish  rule  the  annual  death  rate  per  1,000  was  28.9.  Dur- 
ing the  first  five  years  of  American  government  this  rate  increased  to 
33.58.  During  the  second  five  years  of  our  control  the  annual  death 
rate  fell  to  23.33.  During  the  first  of  the  third  five-year  period  it  fell 
still  farther  to  20.90,  being  the  lowest  death  rate  recorded  in  that  island 
up  to  the  time.  During  Spanish  rule,  smallpox  and  yelloAv  fever  added 
largely  to  the  death  rate,  but  with  American  occupation  these  dis- 
eases practically  disappeared.     During*  the  first  five  years  of  our  occu- 
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pation  there  Avas  a  crisis  incident  to  the  war  and  a  marked  fall  in  the 
price  of  coffee.  The  hurricane  of  1899  practically  destroyed  many  of 
the  coffee  plantations.  The  output  of  this  crop  fell  from  about  50,000,000 
pounds  in  1897  to  5,000,000  pounds  in  1899.  This  left  the  jibaro  insuf- 
ficiently clothed,  out  of  work  with  nothing  saved,  and  already  sick 
from  repeated  infections  in  previous  years.  Masses  of  the  people  were 
at  the  starvation  point.  Fortunately,  the  island  was  still  under  mili- 
tary control  and  the  commanding  officer  of  the  Medical  Corps  was 
Colonel  Hoff,  who  issued  to  the  people  the  following  statement:  ''No 
person  shall  die  of  starvation,  and  no  able-bodied  man  shall  eat  the 
bread  of  idleness."  Still  more  fortunately,  Captain  Ashford,  who  was 
stationed  at  Ponce  at  the  time,  had  charge  of  the  provisional  hospital 
for  the  purpose  of  accommodating  some  thousands  of  sick  jibaros  who 
had  come  and  were  thronging  the  streets  of  that  city.  With  abundance 
of  good  food  shipped  from  the  United  States,  Captain  Ashford  at- 
tempted to  feed  these  people;  but  he  soon  found  that  they  did  not  care 
for  meat  and  other  concentrated  foods  but  demanded  the  bulky  diet 
of  the  hills.  More  seriously  still,  he  found  that  the  improved  diet  pro- 
duced a  diarrhea  and  thousands  whom  he  was  attempting  to  save  be- 
gan to  flee  from  the  city.  Captain  Ashford  had  never  seen  a  hook- 
worm or  its  ova,  but  his  observation  and  studies  among  these  people 
convinced  him  that,  primarily,  their  trouble  was  some  disease  which 
could  not  be  relieved  by  any  abundance  of  food  of  the  best  quality,  and 
like  a  true  scientist  he  set  out  to  search  for  the  real  cause.  At  first  he 
suspected  malaria,  and  with  this  in  view  made  an  examination  of  the 
blood  of  his  patients.  In  this  way  malaria  was  excluded;  but  the  study 
revealed  a  general  eosinophilia.  He  remembered  of  having  read  some- 
where that  this  condition  accompanied  infestation  of  the  alimentary 
tract  by  animal  parasites.  Consequently,  he  turned  his  attention  from 
the  blood  to  the  stools  and  found  in  the  dejecta  a  picture  which  cor- 
responded with  that  of  the  ova  of  the  hookworm  given  in  Manson's  first 
edition  of  Tropical  Diseases.  Thymol  was  administered  to  a  typical 
case  and  led  to  the  recognition  of  the  worms  and  eggs  in  the  stool. 
Thus,  on  November  24,  1899,  Ashford  was  able  to  announce  the  hook- 
worm as  the  cause  of  many  a  pernicious  and  progressive  ''anemia" 
observed  on  the  island.  In  the  same  year  Ashford  carried  some  of  these 
worms  to  Washington,  where  they  were  studied  by  Stiles  who  recog- 
nized the  difference  between  the  old  world  and  the  new  world  hookworm. 
Ashford  returned  to  Porto  Rico  and  continued  his  appeal  for  the  re- 
lief of  these  people.  After  four  years  of  incessant  demand  an  appro- 
priation of  $5,000  was  made  and  a  commission,  known  as  the  Porto  Rican 
Uncinariasis  Commission,  consisting  of  Capt.  Bailey  K.  Ashford  of  the 
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United  States  Army,  Past  Assistant-Surgeon  W.  W.  King  of  tlie  Public 
Health  and  Marine-Hospital  Service,  and  Dr.  Pedro  G.  Igaravidez  of 
Porto  Rico,  was  appointed.  This  marks  the  birth  of  the  awakening  of 
our  national  conscience  in  the  duties  imposed  upon  us  in  the  eradication 
of  this  disease.  A  report  of  this  Committee  in  the  form  of  a  senate  doc- 
ument was  published  by  the  government  in  1911.  It  contains  a  summary 
of  a  ten  years'  campaign  against  hookworm  disease  in  Porto  Rico,  and 
should  be  read  by  all  interested  in  this  scourge.  Ashford  estimates  that 
when  this  work  was  begun  on  the  island  hookworm  disease  was  account- 
able for  about  30  per  cent  of  the  total  deaths. 

Before  leaving  the  discussion  of  hookworm  in  Porto  Rico,  it  may  be  of 
interest  to  inquire  as  to  how  the  disease  was  introduced  into  the  island.  The 
number  of  Indians  on  the  island  at  the  time  of  its  discovery  by  Christopher 
Columbus  is  variously  estimated  by  Spanish  chroniclers  from  60.000  to 
600,000.  Even  the  smaller  number  was  probably  an  exaggeration.  There  is 
no  evidence  that  these  Indians  showed  any  sign  of  physical  inferiority.  The 
Indians  were  divided  into  groups  of  from  one  to  two  hundred  and  dis- 
tributed among  the  Spaniards  for  the  purpose  of  working  the  gold 
mines.  Young  women  were  appropriated  by  their  conquerors  as  con- 
cubines. The  only  diseases  known  to  prevail  among  the  Indians  at  this 
time  were  smallpox,  syphilis,  and  tetanus.  These,  together  with  the 
enforced  separation  of  the  sexes,  soon  resulted  in  the  complete  annihi- 
lation of  the  Indian  on  the  island  as  a  pure  race.  With  the  extermina- 
tion of  the  Indian  slave  the  Spaniard  saw  the  advisability  of  importing 
labor,  and  this  began  by  the  arrival  on  the  island  of  the  first  negro 
slaves  in  1518.  The  slave  traffic  continued  until  1817.  It  is  an  interest- 
ing fact,  and  probably  worth  more  than  all  the  chronicles  of  the  Spanish 
historian,  that  the  negroes  from  the  gold  coast  of  Africa  carried,  not  the 
so-called  old  world,  but  the  so-called  new  world,  hookworm.  It  is  more 
than  probable  that  uncinariasis  secured  its  first  foothold  in  the  island 
about  the  date  of  the  founding  of  the  first  sugar  plantation,  which  oc- 
curred in  1530.  An  impetus  to  the'  growth  of  this  parasite  was  found  in 
the  introduction  of  coffee  into  Porto  Rico  in  1736.  The  hookworm 
flourishes  more  abundantly  on  coffee  than  on  sugar  plantations.  The 
cultivation  of  the  soil  of  the  latter,  the  greater  exposure  to  the  sun,  and 
the  smaller  degree  of  moisture,  are  not  so  favorable  as  in  the  damper, 
more  shaded  coffee  plantations.  These  negroes  have  also  mixed  quite 
freely  with  their  white  masters  and  at  present  60  per  cent  of 'the  popula- 
tion of  the  island  are  classed  as  white  people.  The  jibaros  belong  to 
this  class,  and  in  1834  were  described  by  an  Englishman  visiting  the 
island  as  follows : 

"The  common  white  people,   or  lowest  class    (called  jibaros),   swing  themselves  in 
their  hammocks  all  day  long,  smoking  cigars  and  scraping  their  native  guitars. ' ' 
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In  contrast  to  this  Asliforcl  writes: 

"What  if  these  people  were  merely  innoceut  victims  of  a  disease,  modern  only 
in  name?  What  if  the  brand  placed  by  the  Spaniard,  the  Englishman,  and  the  French- 
man in  olden  time  upon  the  'jibaros'  of  Porto  Eico  was  a  bitter  injustice?  The 
early  reports  savor  strongly  of  those  touristic  impressions  of  the  island  which  from 
time  to  time  crop  out  in  the  press  of  modern  America,  in  which  'laziness'  and  'worth- 
lessness'  of  the  'natives'  are  to  be  inferred,  if,  indeed,  these  very  words  are  not 
employed  to  describe  a  sick  working  man,  with  only  half  the  blood  he  should  have  in 
his  body.  *  *  *  We  cannot  believe  that  vicious  idleness  comes  naturally  to  the  Spanish 
colonist,  even  in  the  tropics,  for  the  very  reason  that  we  have  seen  these  descendants 
at  their  very  worst,  after  the  neglect  of  four  centuries  of  their  mother  country,  and 
after  the  laborious  increase  of  an  anemic  population  in  the  face  of  a  deadly  disease, 
whose  nature  was  neither  known  nor  studied,  w^ork  from  sunrise  to  sunset  and  seek 
medical  attention,  not  because  they  felt  sick,  but  because  they  could  no  longer  work. 
We  strongly  feel  that  these  writers  have  unconsciously  described  uncinariasis.  Are  the 
Spanish  people  considered  'lazy'  by  those  who  know  them?  Were  those  Spaniards 
who  conquered  Mexico,  Peru,  all  South  America;  who  formed  so  formidable  a  power 
in  the  middle  ages,  a  lazy  people?  Is  it  'laziness'  or  disease  that  is  this  very  day 
attracting  the  attention  of  the  United  States  to  the  descendants  of  the  pure-blooded 
English  stock  in  the  Southern  Appalachian  Range,  in  the  Mountains  of  Carolina  and 
Tennessee,  the  section  of  our  country  where  the  greatest  predominance  of  'pure 
American  blood'  occurs,  despised  by  the  negro  who  calls  him  'po'  white  trash?" 

Dirt  eating,  technically  known  as  "geophagy, "  has  been  known  in 
the  southern  states  for  more  than  100  years.  It  was  looked  upon  as  a 
curiosity  and  attributed  by  some  to  a  deficiency  of  nourishment,  but  by 
most  to  innate  viciousness.  According  to  Stiles,  the  earliest  author  on 
this  subject  was  Pitt  (1808),  who  described  dirt  eating  among  the  poor 
white  people  and  negroes  and  attributed  it  to  lack  of  proper  food. 
Negroes  were  accused  of  resorting  to  this  means  of  undermining  their 
health  in  order  to  escape  work.  Those  who  indulged  in  this  habit  gen- 
erally denied  it  when  accused,  and  indulged  themselves  only  in  private. 

In  1895,  Smith  found  ova  of  hookworm  in  the  feces  in  a  water-closet  in 
Galveston,  but  he  could  not  ascertain  from  whom  these  feces  came,  nor 
was  he  certain  that  they  did  not  come  from  an  animal.  Stiles,  having 
studied  the  eggs  and  parasites  brought  him  by  Ashford  from  Porto 
Eico,  began  a  wide  investigation  in  the  southern  states  and  soon  demon- 
strated the  extensive  prevalence  of  this  disease  and  the  great  number  of 
people  infested  with  the  parasite.  In  1909,  John  D.  Rockefeller  appro- 
priated $1,000,000  and  appointed  a  commission  known  as  the  "Rocke- 
feller Sanitary  Commission  for  the  Eradication  of  Hookworm  Disease." 
The  work  was  begun  in  1910  and  has  continued  up  to  the  present  time. 
The  sanitary  commission  has  developed  into  the  International  Health 
Board,  which  is  now  expending  more  than  $2,000,000  annually  in  the 
eradication  of  this  and  other  diseases.  The  work  is  no  longer  confined 
to  the  United  States  but  has  been  extended  to  manv  foreign  countries. 
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The  chief  purpose  of  the  board  is  to  demonstrate  in  each  locality  what 
can  be  done  in  the  way  of  disease  eradication  and  to  stiniulate  the  local 
authorities  to  take  up  the  work  themselves.  It  is  pleasant  to  be  able  to 
state  that  in  these  purposes  the  board  has  been  remarkably  successful. 
For  instance,  in  1915  the  board  contributed  more  than  80  per  cent  of 
the  money  spent  in  certain  southern  states  in  the  eradication  of  this  dis- 
ease, while  the  state  and  county  furnished  less  than  20  per  cent.  In 
1919  the  board  furnished  less  than  30  per  cent  of  the  money,  the  remain- 
der of  the  expense  being  borne  by  state  and  county. 

Effects  of  the  Disease.^ — We  have  already  called  attention  to  the 
dermatitis  caused  by  the  larvae  at  the  point  where  they  penetrate  the 
skin.  The  penetrating  power  of  this  parasite  is  phenomenal.  They 
easily  pass  through  the  thickened  part  of  the  sole  of  the  feet  of  the 
man  who  has  never  worn  shoes.  Indeed,  Bass  has  shown  that  they  may 
penetrate  a  kid  glove.  The  most  frequent  point  of  penetration  is  be- 
tween the  toes,  though  it  may  occur  on  any  part  of  the  body.  The  hands 
of  gardeners,  miners,  and  even  of  children  who  make  mud  pies,  may  be 
penetrated  by  these  larvae.  The  ankles  and  the  legs  may  supply  the  site 
of  the  dermatitis,  especially  when  children  wade  in  muddy  water.  The 
itching  comes  on  so  promptly  and  is  so  intense  that  the  individual  often 
is  in  no  doubt  as  to  when  and  where  the  penetration  occurred.  The 
barefoot  boy  may  spend  a  few  restless  nights  on  account  of  his  ground- 
itch.  The  erythema  becomes  vesicular  and  the  itching  leads  to  scratch- 
ing in  which  infection  with  pus  germs  occurs  and  the  whole  area  may 
become  a  pustular  mass,  requiring  frequent  cleansings  and  careful  dress- 
ing. Often  it  happens  that  the  toes  are  held  together  by  a  sticky  exu- 
date. Within  a  few  days,  as  a  rule,  every  trace  of  the  injury  has  dis- 
appeared. By  this  time  the  larvae  have  reached  the  heart  and  possibly 
the  bronchial  tubes. 

It  is  easy  to  see  from  what  has  been  stated  that  the  systemic  effects 
vary  greatly  according  to  the  number  of  worms  in  the  intestine  and  the 
period  during  which  infestation  continues.  In  light  cases  where  there 
has  been  only  one  penetration  and  the  number  of  Avorms  in  the  intestine 
is  small,  the  effects  upon  the  individual  may  be  scarcely  recognizable; 
however,  in  most  instances  coming  under  the  head  of  light  cases,  -the 
skin  is  dry  with  a  dirty  yellow  tinge  in  whites  or  a  pastiness  in  mulattoes. 
Patients  belonging  to  this  class  usually  complain  of  disturbances  in  the 
digestive  tract.  There  is  pain  in  the  stomach,  especially  after  eating, 
with  gaseous  eructations  and  accumulations  in  the  intestine.  There  is 
some  tenderness  over  the  stomach  and  bowels,  and  frequently  there  is 
an  abnormal  and  eager  appetite ;  however,  there  may  be  cases  with  loss 
of  appetite,  nausea,  and  vomiting.    The  circulatory  system  is  but  slightly 


HOOKWORM    DISEASE  515 

disturbed.  There  is  some  increase  in  the  pulse  rate  Avith  palpitation  and 
shortness  of  breath  on  exercise.  The  hemoglobin  in  light  cases  ranges 
from  60  per  cent  to  normal.  The  number  of  red  corpuscles  is  normal  or 
slightly  diminished.  Dizziness,  with  more  or  less  constant  headache,  is 
a  frequent  symptom.  There  is  marked  mental  apathy.  The  hookworm 
infested  individual  belonging  to  this  class  is  mentally  slow,  he  is  indif- 
ferent, abstracted  and  markedly  forgetful.  He  is  inclined  to  sleep  on 
every  possible  occasion.  It  is  evident  that  both  physically  and  mentally 
he  is  below  par.  As  Ashford  says,  to  his  friends  he  is  "run  down;"  to 
unfriendly  eyes  he  is  "lazy  and  good  for  nothing." 

In  hookworm  countries  it  frequently  happens  that  individuals  be- 
longing to  the  best  classes,  possessing  good  homes,  well  clothed,  and 
abundantly  fed,  have  light  hookworm  infestations.  The  master  who 
brings  his  dependents  to  the  dispensary  for  examination  and  treatment 
often  resents  the  suggestion  that  his  own  stools  be  examined,  but  when 
he  complies  with  the  request  it  not  infrequently  happens  that  he  is  found 
to  be  the  unconscious  host  of  the  same  parasite  which,  in  greater  num- 
bers, has  debilitated  his  employes. 

The  most  marked  characteristics  of  light  cases  are  thie  decreased  hemo- 
globin, the  freciuency  of  digestive  disturbances,  abnormal  physical  and 
mental  weakness,  and  general  lassitude. 

In  moderate  cases  all  the  symptoms  mentioned  above  are  present  in 
intensified  form.  The  skin  is  dryer  and  pruritus,  more  or  less  general, 
is  common.  The  pallor  is  more  marked  and  is  easily  discernible  on  the 
mucous  membrane.  The  appetite  frequently  is  ravenous  and  so  insistent 
that  all  kinds  of  indigestible  substances,  such  as  bits  of  sand,  dirt,  plas- 
ter, etc.,  are  eagerly  SAvallowed.  Nausea  and  vomiting  are  rare.  At 
times  there  are  severe  pains  in  the  abdomen  and  tenderness  over  this 
region  is  quite  constant.  As  a  rule,  the  bowels  are  constipated,  but  at 
irregular  intervals  there  is  marked  diarrhea  accompanied  by  the  evac- 
uation of  undigested  food  and  odorous  stools.  Intestinal  indigestion  is 
prominent  and  often  a  distressing  symptom.  Disturbances  of  the  circu- 
latory system  are  more  marked  than  in  the  light  cases.  The  pulse  is 
constantly  rapid  and  weak.  Palpitation  is  a  prominent  symptom  and 
shortness  of  breath  after  slight  exertion  becomes  distressing.  Pain 
about  the  heart,  generally  prolonged  and  dull,  though  sometimes  acute 
and  interrupted,  is  in  evidence.  Pulsation  of  the  vessels  in  the  neck  may 
be  seen.  Marked  dizziness,  ringing  noises  in  the  ears  and  headaches,  are 
frequent  accompanists.  In  moderate  cases  the  digestive  symptoms  are 
not  less  than  in  the  light  cases,  but  the  circulatory  abnormalities  are 
much  more  marked  and  are  so  much  more  serious  that  they  overshadow 
the  digestive  disturbances.     The  percentage  of  hemoglobin  runs  between 
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30  and  60,  while  the  red  cells  nmnber  between  three  and  four  million 
per  cubic  centimeter.  The  eosinophilia  is  most  marked  in  this  group  of 
cases;  the  muscles  are  flabby  and  tire  quickly,  but  emaciation  is  not 
marked.  Exertion  requires  much  effort.  The  patient  now  looks  and 
feels  sick.  The  mental  condition  is  now  so  depressed  that  it  shows  in 
the  facial  expression.  Patients  belonging  to  this  class  are  so  plainly 
sick  that  their  inability  to  work  is  generally  recognized. 

In  marked  or  advanced  cases  the  pallor  of  the  skin  is  extreme,  and  it 
may  be  difficult  to  determine  where  the  skin  stops  and  the  mucous  mem- 
brane of  the  lips  begins.  The  whole  cutaneous  surface  is  harsh  and 
wrinkled.  Perspiration  is  entirely  absent  or  slight.  The  feet  and  an- 
kles are  often  swollen.  The  face  is  pufty  and  abdominal  dropsy  is  not 
uncommon.  The  appetite  shows  wide  variations, — in  some  entirely  dis- 
appearing, while  in  others  it  becomes  ravenous  and  without  discrimina- 
tion. There  is  dilation  of  the  stomach,  often  accompanied  by  nausea 
and  vomiting.  Diarrhea  and  constipation  alternate,  but  as  a  rule  the 
former  is  more  persistent  and  a  severe  dysentery  without  blood  results. 
The  stools  are  foul  in  odor  and  consist  of  mucus  and  undigested  food. 
Gaseous  accumulations  in  the  intestines  are  not  infrequent  and  at  times 
become  enormous.  The  pulse  is  rapid,  w^eak,  and  irregular.  Pulsations 
in  the  large  blood  vessels  in  the  neck  are  easily  recognizable.  The  heart, 
is  dilated ;  murmurs  are  loud  and  well  defined.  Precordial  pain  may 
be  sufficient  to  cause  intense  suffering.  The  slightest  exertion  causes 
most  distressing  dyspnea.  A  roaring  noise  in  the  head,  with  dizziness, 
often  leading  to  fainting,  makes  the  patient  timid  about  leaving  his  bed, 
chair,  or  house.  The  muscles  are  weak  and  often  painful.  Indeed,  mus- 
cular impairment  may  be  so  great  as  to  simulate  paralysis.  This  condi- 
tion is  often  characterized  by  marked  fluctuations  in  temperature.  At 
one  time  there  may  be  a  fever  and  a  few  hours  later  the  temperature 
may  be  found  to  be  subnormal.  The  percentage  of  hemoglobin  is  below 
30,  and  the  red  blood  cells  may  fall  to  2,000,000.  In  most  severe  cases 
the  percentage  of  hemoglobin  falls  below  20,  and  the  picture  at  this 
time  may  simulate  one  of  pernicious  anemia.  There  is  marked  mental 
confusion  and  manic  depressive  insanity  occurs  in  some  instances.  In- 
somnia prevents  rest  at  night  and  headache  disturbs  the  day.  Patients 
who  have  reached  this  stage  may  die  suddenly,  or  life  may  be  extin- 
guished by  some  terminal  infection. 

It  will  be  seen  from  the  above  that  the  ill  effects  of  hookworm  infesta- 
tjon  reach  everj-  part  of  the  bod3\  Clinicians  generally  discuss  the 
symptomatology  of  this  disease  under  the  following  heads:  (1)  diges- 
tive; (2)  circulatory;  (3)  nervous.  Any  and  every  part  of  the  bod}^  may 
be  affected.     Before  the  existence  of  this  parasite  was  recognized  most 
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of  tlie  cases  were  classified  under  the  general  term  of  "anemia"  and 
attempts  were  made  to  improve  the  condition  of  these  sufferers  by  bet- 
ter food,  by  tonics,  and  other  medication.  Since  hookworm  disease  is 
largely  confined  to  malarial  districts  the  two  diseases  were  frequently 
confounded.  It  is  evident  that  no  form  of  treatment  directed  against 
either  anemia  or  malaria  can  materially  benefit  the  victims  of  hookworm 
disease. 

Kofoicl  and  Tucker  tested  one  stool  from  each  of  22,842  men  at  Camp 
Bowie,  Texas,  in  1918,  and  found  3,079,  or  13.5  per  cent,  positive  cases. 
It  was  observed  by  these  investigators  that  hookworm  carriers  were  more 
susceptible  to  infectious  diseases  than  those  free  from  these  parasites. 
Morbidity  and  mortality  from  many  causes  showed  a  general  correla- 
tion with  the  incidence  of  infection,  hookworm  being  higher,  as  a  rule, 
wherever  that  infection  was  high. 

Eradication. — The  campaign  against  this  disease  has  been  most  thor- 
oughly systematized  by  the  International  Health  Board.  Information 
in  the  form  of  simply  worded  pamphlets,  by  talks,  lantern  demonstra- 
tions, the  use  of  the  local  press,  etc.,  is  disseminated  throughout  the  in- 
fested communitj^  It  is  evident,  however,  that  by  this  means  only  a 
very  small  part  of  the  population  can  be  reached.  A  more  practical  and 
direct  demonstration  is  required.  The  International  Health  Board  has 
found  by  experience  gained  in  various  parts  of  the  world  that  it  is  best  to 
do  this  work  in  groups.  A  working  staff  consists  of  one  medical  director, 
two  clerks,  four  microscopists,  twelve  nurses,  and  one  or  tAvo  helpers  or 
caretakers.  The  medical  director  has  control  of  his  group  and  must  be 
in  a  position  to  apply  discipline  or  to  reward  merit  without  delay.  For, 
this  reason  all  subordinates  when  employed  are  required  to  sign  an 
agreement  pledging  themselves  to  follow  directions  or  to  submit  to  im- 
mediate discharge.  The  medical  director  endeavors  to  place  himself  in 
accord  with  the  local  authorities  and  then  to  put  himself  in  touch  and 
in  sympathy  with  those  whom  it  is  his  purpose  to  serve.  The  clerical 
force  keeps  the  records,  formulates  and  promulgates  regulations,  and 
prepares  the  reports.  The  clerks  are  in  charge  of  the  apparatus,  drugs, 
and  other  properties  of  the  staff.  The  chief  microscopist  prepares  the 
specimens  which  are  examined  by  his  three  assistants.  When  a  positive 
finding  is  reported  by  one  of  these  it  must  be  confirmed  byhis  chief.  So 
simple  is  the  technic  of  the  microscopic  examination  that  it  is,  as  a  rule, 
easy  to  obtain  men  for  this  work  and  prepare  them  after  a  little  training 
from  among  the  people  where  the  work  is  done.  The  chief  nurse  takes 
a  census  of  the  people  in  the  district,  recording  at  the  time  such  facts 
as  are  deemed  necessary.  While  making  these  visits  and  taking  these 
records  the  chief  nurse  delivers  to  each  person  a  tin  container  marked 
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with,  liis  name,  age,  and  location.  At  the  same  time  lie  gives  direction 
as  to  how  the  specimen  of  feces  is  to  be  placed  in  the  container  and  states 
that  on  the  following  day  the  specimen  will  be  called  for.  On  the  next 
day  he  collects  his  specimens.  During  these  two  visits  to  each  house  he 
inspects  the  sanitary  accommodations  and  makes  proper  records.  Those 
whose  stools  are  found  to  be  infested  are  again  sought  m  their  homes 
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and  arrangement  made  for  the  time  of  the  treatment.  Each  patient  is 
treated  once  a  week  upon  the  same  day  of  the  week  until  examination 
of  the  stool  is  negative.  So  few  persons  are  cured  by  one  treatment 
that  no  reexamination  is  made  until  after  the  second  administration. 
It  is  not  left  to  the  patient  as  to  whether  he  takes  the  medicine  properly 
or  not.     Everv  dose  is  administered  bv  a  nurse.     The  following  rules 
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are  followed  in  the  treatment  of  each  patient:  (1)  At  5  or  6  p.m.  on 
the  day  preceding  the  treatment  a  cathartic  dose  of  sulphate  of  magnesia 
is  administered.  Supper  is  not  permitted.  (2)  The  patient  remains  in 
bed  without  food  the  following  day,  and  at  6  a.m.  takes  a  half  dose  of 
thymol.  At  8  a.m.  he  takes  the  remainder.  (3)  At  11  a.m.  a  second 
cathartic  dose  of  sulphate  of  magnesia  is  administered.  This  is  re- 
peated in  two  hours  if  a  thorough  movement  of  the  bowels  has  not  fol- 
lowed. (4)  No  food  is  ]Dermitted  until  the  bowels  have  moved  thor- 
oughly and  then  no  oily  food,  milk,  or  alcoholic  drink  is  permitted 
during  that  day.  (5)  The  usual  habits  and  diet  of  the  patient  may  be 
resumed  on  the  day  folloAving  treatment.  (6)  If  during  the  treatment 
there  is  a  sensation  of  weakness  or  dizziness  one-half  cup  of  strong 
black  coffee  without  sugar  is  given.  (7)  During  the  week  after  the  sec- 
ond treatment  the  stools  are  again  examined.  It  has  been  found  that 
about  50  per  cent  of  the  cases  are  wholly  relieved  of  the  parasites  after 
two  treatments.  To  those  who  continue  to  show  infestation,  thymol  is 
administered  weekly  until  the  desired  result  is  obtained. 

Many  anthelmintics  have  been  tried  in  the  treatment  of  this  disease 
but  thymol  has  stood  the  test  better  than  any  other  drug.  Thymol  is 
but  slightly  soluble  in  water,  more  freely  soluble  in  oil,  and  quite  read- 
ily soluble  in  alcohol.  The  purpose  is  to  prevent  the  solution  of  the  thy- 
mol and  to  retain  it  in  the  alimentary  canal.  So  long  as  this  result  is 
secured  the  drug  is  not  poisonous,  at  least  not  in  the  doses  administered. 
It  is  poisonous  only  when  in  solution  and  absorbable.  It  is  on  account 
of  its  solubility  in  oils  and  alcohol  that  these  foods  and  drinks  are  not 
permitted  Avhile  the  drug  is  still  in  the  intestinal  tract.  Various  methods 
of  administering  thymol,  especially  as  to  size  of  dose  and  frequency  of 
administration,  have  been  tried.  A  method  long  employed  in  British 
Guiana  consisted  in  the  administration  of  ten  grains  of  thymol  to  adults, 
proportionately  for  children,  each  day  of  the  week  except  Sunday  until 
negative  results  were  obtained.  By  this  method  it  is  not  necessary  to 
interfere  in  any  way  with  the  ordinary  diet  of  the  people;  however,  this 
method  has  been  found  unsatisfactory  for  many  reasons.  It  is  impos- 
sible for  the  daily  doses  to  be  administered  by  nurses.  There  is  no  cer- 
tainty that  all  patients  will  take  the  dose  if  it  be  left  to  them.  The 
improvement  is  so  slow  that  many  become  discouraged  and  discontinue 
it.  Lastly,  this  method  of  treatment  requires  in  the  end  a  much  larger 
amount  of  the  drug  and  is  more  costly. 

In  the  intensive  method  a  dose  of  60  grains  of  thymol  is  given  one 
day  of  each  week  until  the  parasites  are  completely  removed.  A  propor- 
tionate dose  is   given   to   children.     As  has  been   stated,   the  thvmol   is 
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given  in  two  portions  and  is  preceded  and  followed  by  cathartic  doses 
of  sulphate  of  magnesia. 

Some  precautions  are  necessary  in  the  administration  of  this  drug 
and  all  individuals  receiving  this  treatment  undergo  an  examination  by 
the  medical  director  before  the  first  dose  is  administered.  The  follow- 
ing are  believed  to  be  unfit  for  this  treatment:  Those  having  fever  of 
any  type,  diarrhea,  dysentery,  or  gastritis ;  those  having  organic,  car- 
diac, or  renal  diseases;  those  suffering  from  pulmonary  tuberculosis 
beyond  the  incipient  stage;  those  who  are  extremely  weak  or  feeble  from 
old  age  or  other  causes;  pregnant  women  or  women  with  serious  hemor- 
rhagic diseases  of  the  uterus.  Those  having  such  complications  should 
be  treated  for  hookworm  disease  only  under  hospital  conditions. 

Thymol  is  administered  in  capsules,  but  unless  mixed  with  some  other 
substance  it  packs  into  lumps  in  the  capsule  which  may  not  break  up 
and  be  distributed  throughout  the  intestines.  For  this  reason  thymol 
is  usually  mixed  with  an  equal  part  by  weight  of  milk-sugar. 

Thymol  is  an  irritant  to  the  mucous  membrane  of  the  stomach  and 
intestines;  however,  it  manifests  this  action  only  slightly  except  in 
chronic  diarrhea,  dysentery,  and  related  troubles.  There  are  certain 
minor  symptoms  which  may  appear  even  when  every  precaution  has 
been  taken  in  excluding  the  unfit  from  treatment.  Some  complain, 
after  the  treatment  indicated,  of  muscular  weakness.  This,  however, 
is  in  most  cases  due  to  the  abstention  from  food  and  the  effects  of  the 
cathartic.  When  even  a  small  portion  of  thymol  is  absorbed,  vertigo  and 
dizziness,  generally  of  a  temporary  nature,  may  be  experienced.  In  a 
few  instances  nausea  follows  the  administration  of  thymol.  This  is  es- 
pecially true  when  the  action  of  the  first  cathartic  has  not  disappeared 
when  thymol  is  administered.  The  following  rules  concerning  the  treat- 
ment of  toxic  symptoms  occurring  after  the  employment  of  th^ymol  liaA'e 
been  formulated  by  Howard,  of  the  International  Health  Board:  (1)  Put 
the  patient  to  bed  and  give  a  cup  of  strong  hot  coffee  without  sugar  or 
milk.  (2)  If  possible  move  the  bowels  with  a  high  enema  of  warm  water 
or  of  senna  and  salts.  (3)  If  the  enema  does  not  immediately  produce 
satisfactory  results  and  relief  does  not  immediately  follow,  give  a  full 
cathartic  dose  of  Epsom  salts  or  any  other  active  saline  in  hot  water. 
(4)  Do  not  give  at  this  time  or  at  any  other  stage,  castor  oil  as  purga- 
tive or  alcoholics  by  the  mouth  as  stimulant. 

If  there  sliould  be  collapse  after  the  administration  of  thymol  the 
condition  is  best  treated  by  proper  doses  of  strychnin,  digitalin,  or  nitro- 
glycerin. 

Within  recent  years  oil  of  chenopodium  has  acquired  a  favorable 
reputation  in  the  treatment  of  hookworm  disease.     Weiss,  of  Sumatra. 
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gives  the  following  detail  for  the  use  of  this  anthelmintic:  At  1  p.m., 
just  after  the  midday  meal,  a  dose  of  16  drops  of  oil  of  chenopodium  is 
administered.  At  2  p.m.  and  again  at  d  p.m.  similar  doses  of  16  drops 
are  given.  At  4:30  p.m.  20  grams  of  castor  oil  are  given,  after  which 
the  laborer  returns  to  his  quarters.  No  dietary  restrictions  are  prac- 
ticed nor  is  a  preliminary  purge  given.  The  oil  of  chenopodium  is  ad- 
ministered in  capsules  freshly  prepared.  In  the  presence  of  a  high  rate 
of  infection  and  all  conditions  which  favor  reinfection,  it  is  a  routine 
practice  to  administer  this  treatment  twice  yearly  to  all  laborers,  with- 
out microscopic  examination  or  reexamination,  except  in  certain  in- 
stances. 

The  Uncinariasis  Commission  to  the  Orient  recommends  as  the  rou- 
tine treatment  of  hookworm  disease:  1.5  cubic  centimeters  of  oil  of 
chenopodium  divided  into  three  equal  doses  and  administered  at  hourly 
intervals,  the  first  at  7,  the  second  at  8,  and  the  third  at  9  a.m.  The 
commission  believes  in  giving  a  light  evening  meal  followed  by  a  pur- 
gative dose  of  magnesium  sulphate  and  a  very  light  breakfast,  consist- 
ing of  milk  or  konje,  on  the  morning  of  treatment.  At  11  a.m.,  two 
hours  after  the  last  dose  of  oil  of  chenopodium  has  been  taken,  a  purga- 
tive dose  of  magnesium  sulphate  is  again  administered.  Treatment 
should  not  be  repeated  in  less  than  ten  days. 

This  same  Commission  treated  103  cases  with  thymol  and  79  with  chen- 
opodium, reaching  the  following  conclusions : 

"It  would  appear  from  the  comparisons  given  that  the  half -maximum  dose  (0.5 
c.e.  three  times,  or  1.5  c.c.)  of  oil  of  chenopodium  is  the  treatment  for  recommenda- 
tion as  a  routine  vermicide. 

''It  does  not  have  the  toxic  effects  of  the  full  dose,  and  two  treatments  have  the 
very  satisfactoiy  result  of  removing  99  per  cent  of  all  worms  present. 

"It  has  the  additional  advantage  of  a  more  uniform  action,  greater  effect  on 
ancylostonies,  and  of  being  less  unpleasant  to  take  than  thymol. 

' '  Thymol  shows  an  advantage  over  this  half -maximum  dose  of  oil  of  chenopodium 
in  that  90  grains'  dosage  produces  a  better  result  when  single  treatments  are  com- 
pared. This  advantage  disappears,  however,  when  two  half-maximum  treatments  of 
oil  of  chenopodium  are  given. 

"Smaller  doses  compare  unfavorably  with  the  single  half -maximum  dose  of  oil 
of  chenopodium.  A  dose  as  large  as  90  grains  of  thymol,  if  administered  indiscrimi- 
nately throughout  the  population,  Avould  probably  give  rise  to  serious  symptoms. ' ' 

Howard,  after  reviewing  the  relative  values  of  thymol  and  chenopo- 
dium, makes  the  following  statement: 

"That  oil  of  chenopodium  will  ultimately  occupy  an  important  place  as  a  vermifuge 
is  evident  to  all  who  have  used  it  for  tliis  purpose.  It  is  also  evident,  and  becoming 
more  so  with  increased  experience,  that  it  is  a  powerful  poison,  often  uncertain  in 
action  with  our  present  dosage  and  methods  of  administration.  To  render  it  safe  and 
efficient  as  a  therapeutic  agent,  more  knowledge  must  be  had  as  to  the  proper  method 
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of  its  preparation,  as  to  its  chemical  composition  and  stability,  and  as  to  its  proper 
dosage  and  method  of  administration. ' ' 

Hall  (1921)  advocates  the  use  of  carbon  tetrachlorid  in  the  treatment 
of  hookworm  infection.  He  claims  that  one  dose  of  .3  e.c.  for  every 
kilogram  of  body  weight  is  sufficient  to  remove  almost  all  worms.  He 
tested  this  agent  on  monkeys,  giving  as  much  as  five  times  the  dose  men- 
tioned above,  without  producing  unfavorable  symptoms.  He  himself 
took  in  the  morning  3  c.c.  of  carbon  tetrachlorid  and  did  his  usual  day's 
work  without  any  inconvenience.  Carbon  tetrachlorid  can  be  prepared 
cheaply  and  obtained  quite  pure.  It  is  a  colorless  liquid,  with  a  sweetish 
pungent  taste.  It  is  soluble  in  alcohol  and  ether  and  itself  dissolves 
fatty  substances.  The  only  medical  use  to  which  it  has  been  directed 
heretofore  is  as  an  anesthetic  and  as  an  inhalation  in  hay  fever.  At  one 
time  it  was  used  by  the  barber  in  dry  shampoo,  but  fell  into  disuse 
because  a  woman  died  suddenly  after  its  application.  There  was  some 
question  as  to  the  cause  of  death. 

Nichols  and  Hampton  (1922)  have  taken  up  this  subject  and  tried  it 
out  both  upon  healthy  people  and  upon  those  harboring  the  hookworm. 
A  murderer  sentenced  to  death  volunteered  to  take  6  c.c.  This  was  given 
one  hour  after  the  midday  meal  and  some  hours  later  he  passed  four 
ascaris  worms.  Thirteen  days  later  this  dose  was  repeated  in  the  early 
morning  before  breakfast.  The  patient  stated  that  during  the  forenoon 
he  felt  a  little  giddy  and  sleepy,  but  this  soon  passed.  He  was  executed 
a  Aveek  after  he  had  received  the  second  dose  and  a  postmortem  done  one 
hour  after  death  showed  no  worms  in  the  intestines.  Besides,  the  autopsy 
showed  no  lesions  which  could  be  attributed  to  the  dose  administered. 
In  an  agricultural  college  in  Ceylon  carbon  tetrachlorid  was  tried  out  on 
the  students.  No  purgative  was  given  on  the  preceding  night,  all  received 
a  dose  of  3  c.c.  of  the  drug  before  breakfast,  and  no  purgative  was  given 
after  the  drug  had  been  administered.  The  students  were  instructed  to 
carry  on  their  usual  mode  of  life  and  no  restrictions  were  placed  upon 
their  work,  play,  or  diet.  No  inconvenience  from  the  drug  was  recog- 
nized, and  an  average  of  thirty-six  hookworms  for  each  student  was  re- 
covered from  the  stools.  Next  the  drug  was  tried  on  64  additional  stu- 
dents, with  like  results. 

Nichols  and  Hampton  conclude:  (1)  Carbon  tetrachlorid  is  an  efficient 
anthelmintic ;  (2)  that  the  drug  may  be  administered  safely  in  doses  of 
10  to  20  minims  to  children  of  three  or  four  years  of  age ;  (3)  that  it  aids 
in  the  expulsion  of  Ascaris  lumbricoides  if  it  is  followed  by  a  purgative, 
but  in  this  respect  it  is  not  as  effective  as  chenopodium;  (4)  that  the 
drug  does  not  seriouslj^  deteriorate  on  keeping;  (5)  that  it  is  preferable 
to  chenopodium  for  the  following  reasons:  (a)  there  is  no  objection  to 
its  taste;  (b)  it  is  not  necessary  to  precede  or  follow  its  administration 
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by  a  purgative;  (c)  it  is  more  efficient  than  chenopodium  and  is  not  so 
distressing-;  (d)  it  is  much  cheaper  than  any  other  drug  used  for  this 
purpose;  (e)  it  can  be  prepared  in  a  high  degree  of  purity  and  only 
chemically  pure  preparations  should  be  used;  (f)  the  patient  is  not 
interrupted  in  his  vocation.  A  preparation  of  carbon  tetrachlorid  and 
ascaridol  (the  active  principle  of  chenopodium)  is  noAV  (1922)  being 
made. 

It  is  evident  that  the  relief  of  individuals  from  their  infestation  with 
hookworms  does  not  solve  the  problem  of  the  eradication  of  this  dis- 
ease. There  will  always  be  carriers  of  this  parasite  as  long  as  the  pos- 
sibility of  renewed  infection  exists.  The  treatment  with  anthelmintics 
disturbs  and  interrupts  the  life  of  the  parasite  while  a  resident  in  the 
intestinal  canal  of  man.  In  addition  to  the  treatment  of  individuals, 
soil  pollution  and  the  opportunity  for  the  extracorporeal  growth  of  the 
Avorm  must -be  dealt  with.  In  other  words,  this  part  of  the  problem  be- 
comes a  matter  of  the  disposal  of  human  excrement.  Sanitary  latrines 
must  be  provided  and  all  people  must  use  them.  Moreover,  such  latrines 
must  always  be  kept  in  proper  condition.  The  fecal  matter  must  be 
protected  from  animals,  from  creeping  and  crawling  things,  and  from 
flies.  It  is  useless  to  attempt,  more  than  in  a  general  way,  a  specification 
of  what  a  sanitary  privy  should  be.  Nearly  every  sanitarian  who  has 
Avorked  in  this  field  has  his  OAvn  ideas  and  hobbies,  and  as  a  rule  his 
products  are  satisfactory.  The  pail  system,  if  properly  cared  for,  is 
sufficient ;  but  the  trouble  is  that  as  a  rule  it  is  not  given  proper  atten- 
tion. The  receptacles  are  neglected,  alloAved  to  overfloAV,  and  the  ex- 
cess reaches  the  soil.  The  handling  of  these  pails  is  not  an  esthetic  job 
and  usually  falls  to  the  lot  of  those  who  are  both  ignorant  and  indiffer- 
ent. In  the  transference  of  the  pails  the  soil  is  likely  to  be  polluted;  in 
fact,  it  is  sometimes  possible  to  folloAA^  the  track  of  the  wagon  remoAdng 
the  night  soil  by  the  frequent  deposit  of  bits  along  the  road.  Then,  the 
night  soil  having  been  brought  to  its  destination  by  the  carriers  must 
be  properh"  disposed  of.  It  must  be  buried  deep  in  the  earth  or  emptied 
into  a  scAver  or  burned,  and  in  all  these  processes  ignorance  and  indiffer- 
ence frequently  manifest  themseWes.  Lastly  the  emptied  pails  must  be 
disinfected,  and  this  process  is  as  a  rule  imperfectly  carried  out. '  The 
pail  method  is  all  right  for  indiAadual  families  Avhere  intelligence  con- 
trols, but  it  always  has  failed  AAdien  an  attempt  is  made  to  dispose  of 
large  accumulations  of  fecal  matter. 

The  pit  system  is  all  right  Avhen  properly  managed.  It  is  simpler, 
requires  less  attention,  and  less  intelligence  than  the  pail  system.  The 
pits  should  be  dug  deep  in  the  earth  and  daily  the  contents  should  be 
sprinkled  Avith  lime,  dry  earth,  or  some  other  drying  material.     It  goes 
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witliout  saying  that  the  pit  system  also  needs  protection  from  animals 
and  from  flies.  On  account  of  ground-water  being  near  the  surface 
the  pit  system  is  not  feasible  in  all  localities.  In  other  geological  for- 
mations solid  rock  may  interfere  with  proper  excavation,  and  besides, 
seams  in  the  rock  may  lead  to  ready  transfer  of  the  material  to  drink- 
ing-water supplies.  It  is  evident  from  this  that  the  latrine  must  be 
selected  to  suit  the  local  conditions.     The  U.  S.  Public  Health  Service 
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Fig.   30. 

Decline  in  hookworm  incidence  in  twelve  counties  in  eight   Southern   States  as   revealed  by  1910-1914 

surveys  and  the  special   re-infection   surveys   made  in   1921. 

(Based    on    examination    of    11,688    and    5,827    school    children    respectively.) 

International    Health    Board. 


has  given  much  attention  to  this  matter  and  some  of  its  officers  have 
devised  different  kinds  of  latrines  suitable  to  different  localities.  At 
the  present  time  this  service  is  carrying  on  extensive  investigations  in 
an  experimental  way  as  to  the  use  of  disinfectants  in  latrines.  To 
induce  people  in  the  mass  and  teach  individuals  to  give  up  old  customs 
is  a  slow,  difficult,  and  tedious  process.    It  is  due  to  man's  inborn  instinc- 
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tive  modesty  that  he  seeks  a  place  of  privacy  in  relieving  his  body  of  the 
material  from  which  he  has  drawn  all  possible  nourishment.  He  has 
seldom  thought  of  his  excretions  being  dangerous  to  himself  or  to 
others.  He  merely  seeks  a  place  of  privacy,  and  this  is  the  only  matter 
with  which  primitive  man  is  concerned.  It  requires  a  certain  degree 
of  intelligence  to  enable  man  to  appreciate  the  sanitary  importance 
attending  these  matters.  Someone  has  said,  wittily,  but  not  unwisely, 
that  the  culture  of  a  nation  is  not  measured  by  the  magnificence  of 
its  cities,  the  beauty  of  its  country,  nor  even  by  the  excellence  of  its 
schools,  but  by  the  methods  employed  in  disposing  of  human  excretions. 


1911-1914         1920-1921 

Fig.  31. 

Comparison  of  hookworm  infection  rates  in  forty  counties  in  ten  Southern  '  States.  Based  on 
the  original  infection  surveys  of  1911-1914  when  57.1%  of  36,723  school  children  examined  were 
found  infected  and  the  special  re-infection  surveys  made  during  1920-1921  when  28.2%  of  21,373 
school  children  were  found  infected. 

International    Health   Board. 


It  is  gratifying  to  state  that  in  certain  counties  in  our  southern  states 
Avheii  the  hookworm  campaign  was  begun  in  1910,  90  per  cent  of  the 
latrines  in  the  count}-  were  insanitary  and,  indeed,  were  centers  for 
the  distribution  of  the  hookworm  parasite;  but  in  1919  in  these  same 
counties,  some  of  them  at  least,  100  per  cent  of  the  latrines  are  sanitary. 
The  world  moves,  sometimes  in  the  right  direction,  but  this  movement 
is  so  slow  that  it  often  requires  observation  from  two  viewpoints  a  thou- 
sand years  or  more  apart,  to  become  perceptible.  The  sanitary  regu- 
lation   concerning   the    disposal    of  human   excreta    as    promulgated   b}^ 
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Moses  when  he  was  leading  his  people  from  hookworm-infested  Egypt 
will  at  some  time  in  the  future  be  fully  appreciated  and  universally 
followed. 

The  difficulty  experienced  in  inducing  the  people  to  use  sanitary 
privies  is  well  illustrated  by  something  that  occurred  in  a  certain  county 
in  Georgia  recently.  Early  in  1919,  $5,000  was  appropriated  by  the 
Public  Health  Service  for  the  installation  of  sanitary  privies  in  the 
rural  areas  of  this  county,  provided  that  the  county  authorities  pledged 
an  equal  amount.  This  pledge  was  easily  obtained  and  it  was  estimated 
that  from  1,500  to  2,000  privies  would  be  needed.  Accordingly,  a  site 
was  selected  within  the  county  and  the  manufacture  of  the  privies  be- 
gun. It  was  provided  that  the  householder  should  pay  only  for  the 
material  used  in  construction,  this  sum  amounting  to  $10.  The  labor, 
transportation,  etc.,  were  to  be  paid  out  of  the  $10,000  fund.  It  soon 
developed  that  many  of  the  property  owners,  after  getting  privies  at 
less  than  one-fourth  their  cost,  lacked  energy  enough  to  build  houses 
over  them.  Up  to  December  1,  1919,  less  than  200  installations  had 
been  completed.  It  is,  however,  stated  by  those  in  charge  of  the  work 
that  the  families  who  have  been  supplied  are  so  well  pleased  that  in 
time  the  original  program  will  be  carried  out. 

Stiles,  who  has  charge  of  the  Commission  of  the  Public  Health  Service 
on  methods  for  the  disposal  of  human  excreta,  states  that  a  privy  to 
be  sanitary  must  protect  the  water-supply  and  it  must  be  structurally 
inaccessible  to  animals,  including  mammals,  birds,  reptiles,  mollusks, 
and  arthropods.  A  single  type  of  privy  is  practically  an  impossibility. 
He,  therefore,  recommends  that  certain  types  be  practical,  while  others 
be  for  the  time  being  tolerated;  or,  he  divides  them  into  three  classes:- 
first,  the  recommended ;  second,  the  permitted ;  third,  the  tolerated.  He 
says  that  at  the  present  time  half  of  the  farmhouses  in  the  South  have 
no  privy  at  all;  that  one-third  of  the  inhabitants  are  negroes,  and  that 
it  is  unreasonable  to  expect  a  poor  ignorant  negro  laborer  to  install  as 
good  a  privy  as  we  can  expect  an  educated  white  man  to  provide  for 
his  family.  He  thinks  that,  taking  the  South  as  a  whole,  we  cannot 
hope  to  attain  an  average  of  100  per  cent  sanitary  latrines  within  the 
next  decade.  We  are  inclined  to  the  opinion  that  Stiles  is  altogether 
too  optimistic.  In  regard  to  the  pit  system  he  makes  the  following 
statement : 

"Technically,  it  is  a  cesspool  which  leaks  on  five  surfaces.  Practically,  with  its 
possible  maximum  rating  of  50  per  cent,  it  is  a  stupendous  advance  over  the  existing 
conditions  with  which  many  of  us  are  personally  familiar;  namely,  southern  rural 
conditions  with  an  average  somewhere  between  5  and  10  per  cent;  and  whether  we 
like  it  or  not,  we  must  face  the  practical  feet  that  this  is  the  highest  type  of  pri^y 
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whieli  we   can  hope   to   have   installed   on    aljout  half   of   the   southern   farms   for   one 
or  two  decades  to  come." 

In  regard  to  the  pail  and  vault  systems  the  same  authority  writes  as 
follows: 

' '  The  pail  and  vault  systems  occupy  a  different  position  from  that  which  they 
held  five  or  ten  years  ago.  The  change  is  due  to  the  fact  that  without  efficient 
inspection,  scavenging,  and  disposal  organization,  these  systems  rapidly  deteriorate 
to  a  surface  system  of  10  to  25  per  cent  value,  and  in  considering  this  premise  we 
are  faced  with  a  practical  fact  that  labor  is  today  scarcer,  more  expensive,  and  far 
less  efficient  than  it  was  five  or  ten  years  back.  The  fundamental  fact  must  be  held 
constantly  in  mind  that  the  success  of  this  system  depends  upon  efficient  labor, 
efficiently  administered.  If  the  choice  lies  between  an  inefficient  can  or  vault  system 
on  the  one  hand  and  a  fairly  efficient  pit  system  on  the  other,  my  preference  is  distinctly 
on  the  side  of  the  pit. ' ' 

As  has  been  statied,  the  International  Health  Board  began  its  hook- 
worm campaign  in  1910  in  the  southern  states.  The  most  gratifying  thing 
accomplished  is  shown  in  the  fact  that  the  public  funds  from  the  southern 
states  for  health  purposes  have  quadrupled  between  1910  and  1918.  As 
the  state  and  county  funds  have  iiiicreased  the  amount  of  money  de- 
manded from  the  board  has  decreased.  The  Board  began  its  West  Indian 
work  in  British  Guiana  in  1914,  and  this  has  gradually  extended  to 
Dutch  Guiana,  Trinidad,  Grenada,  St.  Vincent,  St.  Lucia,  Antigua,  and 
Jamaica.  Surveys  have  also  been  made  in  the  Barbados,  the  Cayman 
Islands,  and  Tobago.  In  all  of  these  localities  save  Antigua,  infection 
was  found  to  be  heavy,  soil  pollution  practically  universal,  and  general 
sanitary  conditions  most  primitive.  Government  support  of  this  work 
is  slowly  but  constantly  increasing.  In  Central  America,  campaigns 
have  been  carried  out  in  Panama,  Nicaragua,  Salvador,  and  Costa  Rica. 
In  the  last-named  place  the  work  was  going  nicely  until  it  was  upset 
by  a  recent  revolution,  as  a  consequence  of  Avhich  all  health  work  was 
abated  in  that  country  and  the  death  rate  increased  over  30  per  cent. 
In  1919,  Nicaragua  and  Salvador  appropriated  $10,000  and  $5,000  re- 
spectively. Work  in  Brazil  was  begun  in  the  State  of  Rio  de  Janeiro 
in  1916.  During  the  year  1919  the  Board  used  for  its  Avork  in  Brazil 
$200,000,  while  the  federal  and  state  governments  provided  $1,150,000 
for  rural  sanitation,  including  hookworm  and  malaria.  In  1916,  ■  cam- 
paigns were  begun  in  Ceylon  and  in  the  Seychelles.  In  the  former 
place,  the  government  and  planters  are  supplying  half  the  funds  for 
the  demonstrations  and  are  maintaining  a  sanitary  organization  and 
follow-up  treatment  of  the  infected.  In  the  Seychelles  Islands,  where 
sanitation  was  practically  zero,  work  was  begun  two  years  ago  with  the 
hope  of  completely  eradicating  the  disease.  The  government  has  given 
enthusiastic  support  from  the  beginning.     The  infected  area  has  been 
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covered  and  resurveys  are  in  progress.  In  1917,  tlie  Board  provided 
funds  and  carried  out  a  survey  of  Papua  for  the  government  of  Aus- 
tralia.    A  demonstration  in  Queensland  followed  in  1918.     A  prelimi- 
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nary  survey  was  made  in  Siam  in  1917  and  an  appropriation  has  been 
made  for  the  continuance  of  the  work  in  1920. 

The  eradication  of  hook\vorm  is  one  of  the  grave  prolDlems  that  lies 
before  the  scientific  world.     It  is  a  manj^  sided  jjroblem.     It  involves, 
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not  only  scientific,  but  economic  and  social  matters  as  Avell.  Some  two 
centuries  ago  a  distinguished  Frenchman  said  that  if  the  world  is  to 
be  redeemed  from  ignorance,  poverty,  and  disease,  it  must  be  done  by 
preventive  medicine. 

Bibliography 

ASHFORD   AND    Igaravidez :      Uncinariasis   in   Porto    Rico;    a    Medical    and   Economic 

Problem,  Senate  Documents,  vol.  59,  1911. 
Dock  and  Bass:     Hookworm  Disease,  C.  V.  Mosby  Co.,  1910. 
International  Health  Board  Eeports,  1910-1919. 
Smith,  Claude  A.:     Uncinariasis  in  the  South;   with  Special  Eeference  to  Mode  of 

Infection,  Jour.  Am.  Med.  Assn.,  xliii,  592,  1904. 
Stiles,  0,  W.:     Public  Health  Eeports,  Eeprints  Nos.  110,  113,  136,  288^  418. 


CHAPTER  XX 

FILARIASIS 

Definition. — Under  this  name  we  include  all  those  abnormalities  in 
structure  and  function  which  result  from  the  introduction  into  the  body 
of  nematode  worms  of  the  family  Filariidae.  These  parasites  appear  in 
the  bodies  of  vertebrates  in  two  stages,  as  larvae  and  as  adults.  The 
latter  are  found  in  the  connective  tissue  and  the  lymphatic  vessels 
in  different  parts  of  the  body.  The  two  sexes,  are  present  and  are 
often  found  in  coils  consisting  of  two  or  more  individuals.  The  larvae 
pass  into  the  circulating  blood  and  may  be  eliminated  in  the  urine. 
There  are  several  species  of  filariae  which  may  infest  man  and  two  of 
these  may  be  in  the  same  individual.  However,  only  one  species,  Filaria 
bancrofti,  is  of  pathologic  importance.  The  presence  of  this  parasite  in 
man  is  not  always  accompanied  by  evidence  of  abnormality;  indeed,  it 
is  often  present  in  the  blood  when  the  bearer  is  not  aware  that  he  is 
not  in  perfect  health.  In  other  instances,  these  parasites  produce  more 
or  less  serious  conditions  incapacitating  the  individual  to  a  greater 
extent,  but  seldom  leading  to  a  fatal  result.  Manson,  who  is  probably 
the  greatest  authority  on  filariasis,  gives  the  following  abnormalities  as 
possibly  due  to  this  parasite : 

''Abscess;  lymphangitis;  varicose  groin  glands;  varicose  axillary  glands;  lymph 
scrotum;  cutaneous  and  deep  lymphatic  varix;  orchitis;  chyluria;  elephantiasis  of  the 
leg,  scrotum,  vulva,  arm,  mamma,  and  elsewhere;  chylous  dropsy  of  the  tunica  vagi- 
nalis; chylous  ascites;  chylous  diarrhea,  and  probably  other  forms  of  disease  depending 
on  obstruction  or  varicosity  of  the  lymphatics,  or  on  death  of  the  parent  filariae. ' ' 

History. — The  huge  dimensions  of  the  leg  and  scrotum  in  elephan- 
tiasis were  observed  and  described  by  ancient  Hindoo  writers;  indeed, 
the  condition  presents  such  striking  abnormality  that  it  cannot  escape 
the  attention  of  all  in  countries  where  it  exists.  The  word  "elephan- 
tiasis" is  sufficient  to  indicate  the  grossness  of  the  abnormality  and  ap- 
parently was  first  used  by  Celsus,  who,  however,  confounded  this  disease 
Avith  leprosy.  He  and  subsequent  authors  used  the  same  term  in  this 
erroneous  way.  Arabian  physicians  of  the  ninth  and  tenth  centuries, 
esi3ecially  Rhazes  and  Avicenna,  described  true  elephantiasis  of  the  leg 
by  the  name  ''da-fil"  or  "dau-ool-fil,"  which  precipitated  the  confusion 
of  the  two  diseases.  In  the  seventeenth  century,  according  to  Castellani, 
Leonicenus  and  Varandaeus  called  attention  to  the  fact  that  under  the 
term  ''elephantiasis"  there  were  included  two  distinct  diseases,  and  in 
1709  Clark  described  the  disease  on  the  Malabar  Coast  of  India  under 
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the  designation  of  "cocliin-leg."  Early  in  tlie  eigliteentli  century, 
Kaempfer  described  endemic  hydrocele  as  seen  in  India  and  as  asso- 
ciated with  erysipelatous  eruptions  on  the  scrotum  recurring  at  the  time 
of  the  new  moon.  In  1750  Hillary  g-ave  the  first  account  of  the  evolution 
of  the  large  leg  of  elephantiasis  and  clearly  differentiated  it  from  true 
leprosy.  Little  more  than  30  years  later  Hendy  confirmed  this  work  and 
clearly  traced  the  development  of  elephantiasis  of  the  scrotum,  recogniz- 
ing it  as  the  same  disease  that  affects  the  legs.  He  observed  a  case  of 
elephantiasis  of  the  scrotum  two  feet  in  length  and  six  feet  in  circum- 
ference at  the  base.  He  also  noted  cases  of  spontaneous  cure  by  slough- 
ing. In  the  first  quarter  of  the  nineteenth  century  Alard  wrote  on  the 
elephantiasis  of  the  Arabs,  and  Chapotin  described  the  disease  as  it  ap- 
pears in  Mauritius.  A  little  later,  Salese  and  others  showed  that  the 
disease  had  long  been  prevalent  in  Brazil.  In  1863  Demarquay,  of  Paris, 
described  filarial  larvae  found  in  the  fluid  drawn  from  a  hydrocele  in 
a  man  who  came  from  Havana.  In  1877,  Bancroft,  working  in  Australia, 
discovered  adult  female  worms  in  a  lymphatic  abscess  on  the  arm  and 
in  a  hydrocele  of  the  cord.  Since  that  time  the  name  of  this  investigator 
has  been  attached  to  that  of  the  parasite.  About  the  same  time  Manson 
found  the  larvae  in  the  lymph  from  an  enlarged  scrotum  and  from  vari- 
cose lymphatic  glands.  The  same  author  obtained  an  adult  female  worm 
from  a  case  of  elephantiasis  of  the  scrotum,  and  a  little  later  both  sexes 
were  found  independently  by  Lewis  and  Sibthorpe.  In  1878  Manson 
made  the  valuable  discovery  that  the  parasite,  Filaria  bancrofti,  is  dis- 
tributed by  a  mosquito.  Somev\diat  later  the  same  investigator  reported 
as  to  the  periodicity  of  the  appearance  of  the  minute  parasites  in  the 
blood,  showing  large  numbers  at  night  but  disappearing  wholly  during 
the  day. 

In  regard  to  the  periodicity  of  filariae  HoAvard  makes  the  following 
statement: 

''The  embryos  of  Filaria  bancrofti  are  usually  in  abundance  in  the  liloocT  of  the 
l^eripheral  circulation  only  during  the  night,  or  during  sleep;  during  the  day,  or 
when  the  patient  is  awake,  they  cannot  be  found.  There  seems  to  be  no  good  ex- 
planation of  this  periodicity,  nor  is  it  absolutely  exact,  but  it  appears  to  constitute 
a  very  curious  adaptation  of  the  parasite  to  the  nocturnal  habits  of  the  mosquito 
which  serves  as  an  intermediary  host.  Manson  discovered  the  periodicity  of  the 
embryos.  lie  placed  a  patient  whose  blood  contained  filariae  in  a  room  where  mos- 
quitoes were  plentiful.  After  the  patient  had  gone  to  bed  a  light  was  placed  beside 
him,  and  the  door  left  open  for  the  mosquitoes  to  enter.  Later,  when  many  mos- 
quitoes had  entered,  the  light  was  put  out  and  the  door  was  closed.  In  the  morning 
mosquitoes  filled  with  blood  were  captured,  and  the  blood  in  their  stomachs  was  ex- 
amined and  found  to  contain  more  filariae  than  an  equal  quantity  of  blood  taken  direct- 
ly from  the  patient.  Since  then  the  periodicity  of  the  filarial  embryos  in  the  peripheral 
circulation  has  been  abundantly  verified.     In  fact,   as  with  one   species  of   filaria  the 
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embryos  appear  at  night  wliile  witli  another  they  are  only  in  evidence  in  the  daytime 
and  with  still  others  there  is  no  periodicity  apparent;  this  phenomenon  is  largely  relied 
upon  for  the  determination  of  the  parasite.  The  periodicity  is  to  a  certain  degree 
at  least,  determined  by  the  habits  of  the  host.  In  the  case  of  Filaria  bancrofti  the 
appearance  of  the  embryos  in  the  peripheral  circulation  seems  to  be  determined  by 
the  decreased  action  of  the  heart  during  sleep,  rather  than  by  the  time  of  day.  Mac- 
kenzie succeeded  in  reversing  the  time  of  appearance  of  the  filariae  by  inducing  his 
patients  to  sleep  by  day  and  keeping  them  active  at  night.  Manson  found  that 
when  a  patient  sleeps  alternately,  sometimes  by  night,  sometimes  by  day,  the  periodicity 
of  the  filaria  disappears  altogether.  In  the  case  of  Filaria  perstans  and  F.  demarquayi 
there  is  no  marked  periodicity,  and  the  absence  of  pei'iodicity  is  given  as  one  of  the 
characteristics  of  F.  philippinensis.  The  African  Filaria  diurna,  which  is  believed 
by  Manson  and  others  to  be  the  embryo  form  of  Filaria  loa,  is  present  in  the  peripheral 
circulation  only  in  the  daytime.  Numerous  experiments  with  mosquitoes  of  a  great 
variety  of  species,  to  determine  the  transmitter  of  Filaria  diurna,  have  all  proved 
negative,  and,  while  a  number  of  diurnal  blood-sucking  insects  have  been  suspected, 
the  actual  transmitter  remains  unknown.  Fiilleborn  and  Rodenwaldt  in  their  investiga- 
tions with  filariae  of  dogs  from  Italy  found  that  there  were  two  forms  (one  of  them 
probably  Filaria  immitis)   one  of  which  showed  periodicity  while  the  other  did  not." 

Distribution. — Castellani  concludes  from  the  fact  that  elephantiasis  of 
the  leg  and  scrotum  was  first  reported  by  Hindoo  writers  that  the  orig- 
inal home  of  this  disease  is  in  Asia,  from  which  place  it  passed  into 
Africa  and  later  was  transferred  to  the  New  World  with  African  slaves. 
Whatever  may  have  been  its  origin,  it  is  now  widely  distributed  through- 
out the  tropical  and  subtropical  countries  extending  from  about  41°  N. 
to  28°  S.  in  the  Eastern  Hemisphere  and  from  about  31°  N.  to  about 
23°  S.  in  the  Western  Hemisphere.  In  Asia  it  is  at  present  kno^\Ti  in 
Japan,  China,  the  Philippines,  Guam,  Indo-China,  Burma,  Ceylon,  India, 
and  Arabia.  It  is  seen  in  Australia  and.  Oceania,  especially  in  the  Fiji, 
Samoa,  and  Friendly  Islands.  In  America,  though  not  common,  it  is 
occasionally  seen  in  southern  United  States;  much  more  frequently  in 
Central  America,  in  the  West  Indies,  in  Guiana,  Venezuela,  Brazil,  Peru, 
and  Colombia.  In  Africa  it  is  frequent  on  the  west  coast,  in  South 
Africa,  East  Africa,  Madagascar,  Eeunion,  Mauritius,  and  northern 
Africa.  In  Europe  it  is  said  to  be  found,  though  rarely,  in  Spain  and 
in  Turkey.  In  all  of  these  countries  its  distribution  is  uneven.  It  is 
most  common  along  the  seacoast  and  near  the  banks  of  large  rivers,  but 
even  in  these  localities  there  are  circumscribed  endemic  areas.  It  is 
interesting  to  note  that  at  the  southern  end  of  Lake  Nyanza  this  con- 
dition is  very  rare,  while  at  the  northern  extremity  it  is  common.  It  is, 
of  course,  impossible  for  it  to  exist  where  the  disseminating  mosquito  is 
not  found,  but  as  is  the  case  with  other  mosquito-borne  diseases,  the  geo- 
graphical distribution  of  the  mosquito  is  in  all  probability  much  greater 
than  that  of  tlie  disease. 

Phalen  and  Nichols  haA'e  studied  the  distribution  of  filariasis  in  the 
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Philippines,  and  report'  an  endemic  center  in  the  Valley  of  the  Kinali 
River  in  Alba  and  smaller  centers  in  Samar,  Leyte,  and  Mindanao.  They 
are  unable  to  account  for  these  endemic  centers  by  any  unevenness  in 
the  distribution  of  C.  quinquefasciatus,  whose  presence  is  everywhere  in 
evidence.  It  has  been  suggested  by  Wanhill,  in  studying  filariasis  in 
the  West  Indies,  that  there  is  apparently  an  antagonism  between  this 
disease  and  malaria.  This  author  points  out  that  while  Jamaica  has  no 
filariasis,  it  is  highly  malarious;  while  on  the  neighboring  Island  of 
Barbados  there  is  no  malaria,  but  a  high  percentage  of  filarial  infections. 
We  are  inclined  to  reject  this  explanation  and  attribute  the  comparative 
freedom  of  Barbados  from  malaria  to  the  great  abundance  and  wide 
employment  of  top  minnoAvs  in  the  destruction  of  malaria. 

Filarial  Mosquitoes. — Unlike  malaria  and  yellow  fever,  filariasis  may 
be  transmitted  not  only  by  several  species  of  culex,  but  also  by  some 
belonging  to  the  genera  Stegomyia  and  Anopheles.  C,  quinquefasciatus, 
the  most  common  house  mosquito  of  the  tropics,  seems  to  be  the  most 
active  in  the  distribution  of  this  parasite.  Other  species  of  this  genus 
implicated  are  C.  ciliaris  in  China  and  C.  pipiens  in  Cuba.  It  is  possible, 
however,  that  the  reporters  in  distant  parts  of  the  world  had  the  same 
species  at  hand  but  attributed  to  them  different  names.  In  India  and  in 
West  Africa  A.  rossi  and  A.  costalis  are  implicated,  while  in  Spain 
four  species  of  anopheles  are  believed  to  be  capable  of  infecting  man 
with  this  parasite.  In  the  Philippines,  Ashburn  and  Craig,  working 
with  Filaria  philippinensis,  obtained  positive  results  with  C.  quinque- 
fasciatus, but  only  negative  results  with  Stegomyia  ealopus. 

Adult  Filariae. — This  is  a  giant  parasite  compared  with  most  of  those 
that  infest  the  blood.  The  female  Filaria  bancrofti  measures  from  85 
to  90  mm.  (3%  to  4%o  inches)  in  length,  while  its  diameter  is  from 
0.24  to  0.25  mm.  The  male  is  a  little  less  than  one-half  the  size  of  the 
female.  As  has  been  stated,  the  adults  are  found  in  the  connective 
tissue  or  in  the  lymphatics  of  different  parts  of  the  body.  In  these 
locations  they  are  capable  of  continuing  life  for  a  long  time.  Here 
they  breed,  the  female  giving  birth  to  A'ast  numbers  of  microscopic 
young,  which  are  enclosed  individually  in  a  loose  sheath  and  present 
the  appearance  of  small  eels.  The  young  traverse  the  tissues,  find 
their  wa}^  into  the  circulating  blood,  where,  as  has  been  stated,  they 
appear  with  some  degree  of  periodicity. 

Accumulations  of  adults  in  connective  tissue,  and  especially  in  the 
lymphatics,  lead  to  the  pathologic  conditions  Avhieh  have  already  been 
mentioned.  They  obstruct  or  may  obstruct  the  flow  of  lymph,  causing 
the  enormous  dilatations  already  referred  to,  and  not  infrequently  lead 
to  sloughing.    By  this  process  they  may  eliminate  themselves  and  spon- 
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taneous  recovery  may  f oIIoav.  When  by  such  a  process  the  adults  die, 
the  microfilariae  of  the  blood  soon  disappear,  but  what  becomes  of 
them  has  not  been  determined.  They  are  probably  eaten  by  the  phago- 
cytes. 

Whether  adult  filariae  interfere  with  the  state  of  health  depends  largely 
upon  the  position  they  occupy.  In  case  they  do  not  obstruct  the  flow  of 
lymph,  these  worms  may  continue  in  man's  body  quite  indefinitely 
without  recognizable  ill  effect.  It  is  thought  by  Manson  and  others 
that  accidental  injury  inflicted  upon  the  female  parasite  may  block 
lymph  channels.  In  certain  districts  nearly  thirty  per  cent  of  the  people 
have  filariasis,  and  most  of  these  are  quite  unconscious  that  they  are 
carrying  a*  parasite.  Adult  worms  are  frequently  found  at  autopsy 
when  their  presence  had  never  been  suspected  during  life.  In  rather 
rare  instances  the  adult  filariae  accumulate  in  bundles  or  masses  which, 
by  their  mere  size,  lead  to  the  blocking  of  a  main  lymph  channel.  In 
still  rarer  instances,  the  thoracic  duct  may  be  quite  dilated  in  places, 
and  varicose  glands  and  vessels  due  to  the  presence  of  the  worms  may 
be  demonstrated.  It  has  been  shown  that  fibrotic  changes  in  glands 
are  not  infrequently  seen  in  infected  persons.  The  blocking  of  the 
thoracic  duct  may  be  followed  by  congestion  of  the  renal,  lumbar  and 
pelvic  lymph  channels  and  dilatation  of  the  vessels.  If  lymphatic 
vessels  in  the  urinary  tract  are  ruptured,  chyluria  results.  It  was  at 
first  supposed  that  the  milky  opacity  of  the  urine  in  chyluria  is  due 
to  an  excess  of  fat,  but  this  has  been  shown  to  be  error,  and  the  color 
has  been  found  to  be  due  to  a  large  amount  of  protein.  In  case  the 
obstruction  to  the  lymph  flow  is  posterior  to  the  junction  of  the  lac- 
teals  with  the  receptaculum  chyli,  then  ascites  or  hydrocele  may  fol- 
low. Strange  to  say,  the  blood  in  filariasis  is  not  necessarily  deficient 
in  hemoglobin  and  the  number  of  white  blood  corpuscles  is  generally 
quite  normal ;  indeed,  in  the  attacks  of  fever  which  frequently  do  occur 
in  filariasis  there  may  be  a  distinct  leucocytosis. 

It  should  be  stated  that  there  are  still  some  who  den}^  that  filariae 
cause  elephantiasis  arabum,  since  filariae  are  not  usually  present  in 
the  blood  in  this  condition.  Manson-Bahr  has  the  following  to  say  on 
this  subject: 

"From  this  circumstance — the  absence  of  microfilariae  from  the  blood  in  elephanti- 
asis— the  question  naturally  arises,  Why  attribute  this  disease  to  the  filaria?  The 
answer  to  this  is:  (1)  The  geographical  distribution  of  Filaria  bancrofti  and  of 
elephantiasis  arabum  correspond;  where  elephantiasis  abounds  there  the  filaria  abounds, 
and  vice  versa.  (2)  Filarial  lymphatic  varix  and  elephantiasis  occur  in  the  same 
districts  and  frequently  concur  in  the  same  individual.  (3)  Lymph  scrotum,  an 
unquestionably  filarial  disease,  often  terminates  in  elephantiasis  of  the  scrotum.  (4) 
Elephantiasis  of  the  leg  sometimes  supervenes  on  the  surgical  removal  of  a  lymph 
scrotum.       (5)     Elephantiasis    and    lymphatic    varix    are    essentially    diseases    of    the 
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lymphatics.  (6)  Filarial  lymphatic  vaiix  and  true  elephantiasis  are  both  accompanied 
by  the  same  type  of  recurring  lymphangitis.  (7)  As  filarial  lymphatic  varix  is  prac- 
tically proved  to  be  caused  by  the  filaria,  the  inference  appears  to  be  warranted  that 
the  elephantiasis  of  warm  climates,  with  rare  exceptions — the  disease  with  which  the 
former  is  so  often  associated  and  has  so  many  affinities — is  attributable  to  the  same 
cause.  *  *  *  If  the  filaria  be  the  cause  of  tropical  elephantiasis,  how  account  for  the 
absence  of  the  embryos  from  the  blood,  as  is  the  case  in  the  majority  of  instances 
of  this  disease?  The  answer  is:  Either  the  disease-producing  filariae  have  died; 
or  the  lymphatics  draining  the  affected  area  are  so  effectually  obstructed  by  the 
filaria,  its  products,  or  its  effects,  that  any  microfilariae  they  may  contain,  or  may 
have  contained,  cannot  pass  along  these  vessels  to  enter  the  circulation.  Adult 
filariae  of  both  sexes  in  large  numbers  may  be  found  in  enlarged  fibrosed  lymphatic 
glands — epitrochlear  for  example — without  the  presence  of  microfilariae  in  the  blood 
stream. ' ' 

Development  Within  the  Mosquito. — The  mosquito  draws  the  blood 
of  an  infected  individual  and  takes  the  embryo  into  its  stomach.  Here 
the  young  insect  molts  or  casts  off  the  sheath  that  surrounds  each  in- 
dividual. It  then  passes  through  the  walls  of  the  stomach  and  enters 
the  thorax.  In  the  thoracic  cavity  the  embryo  passes,  according  to 
Lebredo,  through  the  following  transformations:  (1)  Narrowing  and 
invagination  of  the  tail.  (2)  Invagination  continues  and  the  embryo 
grows  shorter  and  wider.  (3)  Widening  and  shortening  continue,  and 
the  invaginated  portion  forms  a  hyaline  appendix.  (4)  The  embryo 
grows  and  develops  three  lobes.  From  the  thoracic  cavity  the  larvae 
escape  in  the  general  body  cavity  where  they  manifest  great  activity, 
and  finally,  at  least  some  of  them,  reach  the  labium  where  they  await 
opportunity  to  effect  a  transfer  to  the  vertebrate  host. 

It  has  already  been  stated  that  in  the  stomach  of  the  mosquito,  after 
having  fed  upon  an  infected  man,  the  number  of  filariae  is  greater  than 
that  contained  in  an  equivalent  amount  of  blood  drawn  directly  from 
the  man.  However,  Flilleborn  has  shown  that  this  difference  is  only 
apparent  and  is  due  to  the  concentration  of  the  blood  by  the  more 
rapid  passage  of  its  M^atery  content  through  the  walls  of  the  stomach ; 
in  other  words,  this  is  due  to  the  dehydration  of  the  blood  in  the 
mosquito's  stomach.  This  thickening  of  the  blood  serves  another  pur- 
pose, inasmuch  as  the  contents  of  the  stomach  become  more  viscid  and 
serve  to  hold  the  sheath  of  the  embryo  when  it  molts.  The  life-cycle' 
within  the  mosquito  was  believed  bj"  Manson  to  require  not  more  than 
seven  days.  In  India  it  is  put  by  James  at  from  12  to  14  days.  In 
Australia,  according  to  Bancroft,  it  varies  greatly  with  the  weather, 
generally  demanding  about  16  or  17  days,  but  in  cold  weather  extend- 
ing over  35  days.  In  Egypt,  according  to  Loos,  the  larvae  were  not 
fully  developed  in  the  mosquito  until  the  forty-first  day  after  the  biting. 
In  Havana,  Lebredo  found  that  this  cycle  varied  in  time  from  15  to 
23  days  according  to  the  temperature. 
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Ashburn  and  Craig  have  made  a  study  of  Filaria  philippinensis  and 
its  development  within  the  culex.  The  intramosquito  development  of 
this  parasite  occupies  about  14  days.  In  the  thorax  the  larvae  reach 
a  length  of  2.2  mm.  and  by  this  time  a  well-marked  intestinal  canal, 
divided  into  esophagus  and  intestine,  a  well-defined  anus,  and  a  mouth 
have  been  developed;  in  fact,  the  differentiation  of  organs  appears  to 
be  complete  at  about  the  eleventh  day,  after  which  the  larva  elongates, 
narrows,  and  prepares  for  puncture  of  the  labium.  It  should  be  re- 
marked that  there  is  still  some  question  as  to  F.  philippinensis  being  a 
distinct  species.     Some  think  it  identical  with  F.  bancrofti. 

Transfer  from  Mosquito  to  Man. — To  find  out  how  this  parasite  passes 
from  the  mosquito  to  man  was  quite  a  problem.  Manson  followed  the 
development  of  the  larvae  within  the  mosquito  only  to  the  time  of  their 
development  within  the  thorax.  He  thought  it  possible  that  mosquitoes 
laden  with  these  larvae  fall  upon  water  in  which  they  undergo  decay, 
permitting  the  parasite  to  escape,  and  that  the  disease  might  be  ac- 
quired by  drinking  such  water.  However,  after  it  was  shown  that  the 
female  mosquito  is  not  so  short  lived  as  had  been  supposed,  this  theory 
became  quite  improbable.  Bancroft  suggested  two  theories.  One  pre- 
sumed the  accidental  swallowing  of  infected  mosquitoes,  while  the  other 
provided  that  while  the  mosquito  was  biting  the  man  the  larvae  might 
reenter  the  digestive  tract  of  the  mosquito  and  make  its  Avay  along  the 
proboscis  and  finally  penetrate  the  human  tissue.  It  must  be  remem- 
bered that  all  this  work  was  done  years  before  Ross  had  demonstrated 
the  transmission  of  malaria  or  Reed  the  transmission  of  yellow  fever 
by  the  bite  of  the  mosquito.  In  1900  it  was  demonstrated  by  James  and 
others  that  when  the  infested  mosquito  ceased  feeding  upon  the  ver- 
tebrate it  no  longer  contained  filariae;  in  other  words,  they  demon- 
strated that  the  filariae  pass  from  mosquito  to  the  vertebrate  while  the 
former  is  feeding  on  the  latter.  These  experiments  were  made  on  the 
dog  with  Filaria  immitis.  Evidently  the  filarial  parasite  is  too  big  to 
pass  through  either  the  esophagus  or  the  salivary  duct  of  the  mosquito. 
Further  study  by  James  showed  that  the  ripe  larvae  in  the  mosquito 
accumulate  in  the  labium,  but  the  question  still  remained  how  they  pass 
from  the  labium  through  which  there  is  no  natural  opening  and  how 
they  find  their  way  through  the  skin  of  the  vertebrate.  Final  solution 
of  this  problem  apparently  should  be  accredited  to  Lebredo,  of  Havana. 
He  took  mosquitoes  which  had  been  infected  about  28  days  previously, 
removed  their  wings  and  legs,  placed  them  upon  a  slide  which  he  kept 
moist  with  a  weak  salt  solution,  and  studied  the  insects  and  their  guests 
under  the  microscope.  It  was  easy  to  see  through  the  transparent  walls 
of  the  labium,  and  here  were  congregating  the  highly  active  microscopic 
worms.     If  no  pressure  was  made  not  a  worm  escaped,  but  when  slight 
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pressure  vras  applied  and  thie  wamitli  intensified  by  the  proper  placing 
of  a  Bunsen  burner,  tbe  larvae  eonld  be  seen  punetiiruig  tbe  outer  wall 
of  the  labium  and  escaping  from  the  mosquito.  TTe  shall  continue 
Lebredo's  description  in  Ms  o"wn  "^ords: 

''11  lihe  leat  i;  keiT  xrp  c-aTefuIlv  and  steaffly  ire  can  see  the  emtrro  seeking  the 
point.  TnaVrng  pressiixe  there,  aad  feialbr  perforating  the  cuticle  at  a  certain  point. 
This  perforation  is  icade  qxdte  suddenly,  fox  we  see  the  cephalic  end  jump  out,  as  it 
"irerej  the  r^t  of  the  Tronn  lonowing  slowly  by  serpentine  moremenls.  As  soon  as 
it  reaches  the  &iid  the  serpentine  moxements  continue,  tut  the  womi  ceases  to  be 
able  to  adTsnee.  This  remaxkable  di:Eerence  in  tiie  results  obtained  by  the  moTement 
tnf^i fates  that  the  soft  tissues  at  this  stage  are  the  natural  element  of  the  •R-orm, 
and  that  it  is  prepared  to  moxe  on  into  the  human  tissues  dixectiy  from  the  mosquito. 
In  Trater,  on  the  other  hand,  the  filariae  not  only  cannot  lire,  but  cannot  even  more 
from  place  to  place.  In  their  exit  the  "srorms  follow  the  regular  order  in  which  they 
oeeuT  in  the  labium  and  head.  We  hare  seen  two  worms  maMng  their  exit  at  the 
^ane  time.  Occasionally,  after  two  embryos  haxe  been  started,  out,  it  has  been  neces- 
sary to  "5?'arm  the  liquid  again  in  order  to  bring  other  worms  down  from  the  head  to 
the  labium.  Of  course,  after  the  nrst  embryo  is  broken  out.  the  others  nnd  their  way 
n-rrr  with  great  readiness.'' 

"We  now  haxe  the  explanation  of  how  and  where  the  parasite  escapes 
from  its  mosqnito  host.  There  remained  still  the  qnestion  of  how  it 
enters  its  vertebrate  host.  It  was  supposed  that  the  filariae  deposited 
about  the  wound  inflicted  by  the  mosquito  made  use  of  this  opening  as 
soon  as  the  mosquito  withdrew  its  lancet.  This  has  not  proved  to  be 
the  proper  explanation.  It  has  been  shown  that  the  larvae  deposited 
upon  the  .skin  of  the  vertebrate  host  easily  and  quickly  find  their  way 
through  this  tissue  without  any  help,  very  much  as  the  larvae  of  the 
hookworm  penetrate  the  skin.  The  larvae  have  been  found  in  the 
.skin  about  the  wound  immediately  after  the  mosquito,  having  satisfied 
its  appetite,  withdraws  its  proboscis:  indeed,  the  larvae  may  be  placed 
upon  the  skin  far  from  any  mosquito  bite  and  they  will  soon  find  their 
way  through  the  tissue.  Evidently,  the  pressure  of  a  mosquito  against 
the  skin  of  the  vertebrate  and  the  warmth  of  the  body  of  the  latter 
enable  the  larvae  to  penetrate  the  labium  of  the  mosquito  and  the 
skin  of  the  vertebrate. 

Other  Filariae. — ^For  more  than  300  years  a  disease,  known  to  the  na- 
tives as  loa  loa  and  characterized  by  the  presence  of  parasitic  worms  in 
the  connective  tissue,  has  existed  along  the  west  coast  of  Africa  and 
throughout  a  region  extending  into  the  interior  for  several  hundred 
miles.  A  more  exact  study  of  this  condition  began  in  the  TTest  Indies 
among  negroes  brought  from  Africa.  There  is  no  proof  that  a  case  has 
ever  originated  in  the  West  Indies  and.  geographically,  the  disease,  so 
far  as  we  know,  is  confined  to  the  African  region  already  mentioned. 
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As  early  as  17TS  a  Frencli  pkvsieiaii.  GiR-ot,  deserifoed  tMs  paraste 
under  its  Afriean  name. 

Tiie  adnlt  male  of  tMs  parasite  measures  from  30  to  *l  miHL  ia  leagtli 
and  from.  0.35  to  0.43  mm.  in  diaiaeter-  Tlie  speeimens  wMeli  hare  "b-een 
extracted  from  beneatli  the  sMn  and  from  eonneetive  ti^ue  Iiave  varied 
in  length,  from  20  to  70  mm.  Tfee  oicter  snrraee  of  tltese  nemat0d.es  ear- 
ries  nnmerons  rounded,  translneemt,  pearly  protfnLberanees  projjeetm;^ 
from  nine  to  twelve  microns  al>o"re  tlie  smrfaee.  Tkese  eMtinons  pro- 
tuberances vary  markedly  in  number  and  arrangemient  on  indiridmals 
and  are  more  mmterons  on  the  female.  Tlieir  distcibntion  is  quite  irreg- 
ular. Tlie  female  is  longer  than  the  male,  averaging  from.  45  to  65  mm. 
The  vulva  is  marked  by  a  small  eminence  ab©iEt  two  to  three  millimeters 
from  the  anterior  extremity.  It  opens  "op  into,  a  vagina,  -wideh  branches 
into  two  tubes  extending  almost  throMghout  the  length  of  the  parasite- 
These  tubes  contain  ova  in  every  stage  of  developmient-  The  "omseg- 
mented  egg.  starting  in  a  distant  part  of  the  tube,  increasing  in  size 
and  undergoing  segmentation  as  it  descemdsv.  approaehes  the  vulva  and 
unrolls  into  an  embryo.  These  embryos  constitute  the  microMariae  ob^- 
served  by  Mans  on  in  this  species  in  1891.  The  embiryos  pa^  into  the 
blood  stream  "where  they  may  be  found  in  the  daytime.  Manson  namied 
this  organism  FHaria  dinma  in  eomlradistinetion  to  the  mierofflariae 
resulting  from  infection  "with  F.  banerofti.  Mneh  effort  has  been  given 
to  distinctions  between  loa  loa  embryos  and  the  embryos,  of  Filarial 
banerofti.  but  there  are  no  constant  differenees  revealed  by  mieroiseopie 
examination. 

As  has  been  stated,  the  adult  loa  loa  has  its  habitat  in  the  eonneetive 
tissue  of  man.  It  moves  about,  and  in  some  instanees  its  movements 
may  be  seen  through  the  skin.  Manson-Bahr  makes  the  foUoTong  state- 
ment eoncemuig  its  pathogenesis: 

•■'As  already-  stated,  L  loa  terimg-  tOte  peii0>i  otf  its  gireiiwthi  aisd  feretQ^ffieest  m 
man  makes  frequeiLt  exeursioiis  tiirotigiL  tiie  aibdiermsl  eomi^^'ve  ti^O!^.  33r  las 
'been  noticed  very  frequently  "beneath,  tne  skin  of  tlie  trn gears  and  it  lias  'fceea  eseised 
from  under  the  skin  of  tlie  "baek,  fpom  a'boTe  tfce  sternum,  from  tlte  left  lareatst.  tite 
Knigiaal  frenom,  tlte  loose  ^in  of  tite  jenis^  tiie  eyelids,  tke  eoiHgiXn!>etiTaj,  &■&  anteri<fr 
ehamlier  of  tlte  eye.  Ziemami  says  tiiat  it  m.aiy  wander  at^ret  tlee  sea^  l^i©  paarts- 
most  frequently  mentioned  are  tie  eyes.  an3.  sltlongt.  tie  worm,  may  lave  attraeted 
more  attention  wlen  in  tlis  situation,  it  seems  as  tlongl  it  las  a  decided  predBeetioa 
for  tie  eye  and  its  neigl'bc>rlood.  A  patient  of  Manson's  onee  stated  tlat  tie  aTerage 
rate  at  vrliel  a  loa  traTeled  "was  ab*>ti!t  an  inel  in  tTs^o  miantes.  Botl  le  and  otlers 
lave  stated  tlat  -warmtl,  stiel  as  in  ^ttiaig-  "before  a  fiie.  seemied  to  attraet  tleai  to 
tie  surface  of  tie  "body.  As  a  role,  tie  migrations  of  tie  parasite  gi^e  rise  to  n'-" 
serious  ia<?onTenieaee.  but  Hey  may  eause  prickings^  iteHmg-,  ereepirtg-  seasatioas;.  snc- 
oeeasionally.  transient  edematoxis  sweHings  in  different  parts  of  tie  "body.  Wlea  tie 
parasite  appears  under  tie  eoajuneti\a  it  may  eaitse  a  eonsidera'ble  amount  of  irrita- 
tion and  congestion;   tlere  may  "be  aetual  pain  even,  associated  witk  swelKa^  aatel 
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inability  to  use  the  eye  and,  perhaps,  tumefaction  of  the  eyelids.  Should  a  loa 
wander  into  tlie  vicinity  of  such  a  situation  as  the  rima  glottidis  or  the  urethra  the 
consequences  might  be  serious. ' ' 

Many  years  ago  Manson  suspected  the  mangrove  fly,  Clirysops  dimidi- 
ata,  as  the  intermediary  host  of  loa  loa,  and  further  studies  by  Leiper 
and  others  have  confirmed  this  suspicion.  It  should  be  understood  that 
the  adult  parasite  may  be  present  in  the  body  even  when  no  microfilariae 
can  be  found  in  the  blood. 

It  is  not  infrequent  to  observe  among  the  natives  of  the  western 
coast  of  Africa,  and  especially  in  the  neighborhood  of  Old  Calabar, 
swellings  the  size  of  a  hen's  egg,  hard,  unyielding  to  pressure  and  disap- 
pearing gradually  within  a  few  days  on  any  part  of  the  body.  These 
are  known  as  "Calabar  swellings."  In  two  instances  Manson  aspirated 
the  center  of  one  of  these  swellings  with  a  hypodermic  syringe,  with 
the  purpose  of  detecting  microfilariae  in  the  extracted  substance.  In 
one  instance  he  was  successful,  while  in  the  other  the  evidence  was  nega- 
tive. It  is  the  opinion  of  those  who  have  had  the  best  opportunity  to 
observe  these  swellings  that'  they  are  of  filarial  origin.  However,  fur- 
ther studies  are  necessary  to  enable  one  to  speak  with  certainty. 

A  German  medical  missionary  removed  tumors  the  size  of  a  pigeon's 
egg  from  the  heads  of  negroes  on  the  Gold  Coast  and  forwarded  the 
preparations  to  Leuckart,  who  discovered  a  parasite  and  named  it  Filaria 
volvulus.  Even  before  this,  Blanchard  had  detected  0.  volvulus  in  a 
small  tumor  removed  from  the  arm  of  a  soldier  who  became  infected 
six  years  earlier  in  Dahomey.  The  tumors  caused  by  this  parasite  may 
appear  on  any  part  of  the  body,  though  they  are  most  frequently  found 
where  peripheral  lymphatics  converge.    Manson-Bahr  says: 

''In  the  South  American  form  the  occipitofrontal  and  temporal  regions  were  noted 
to  be  most  usually  affected.  They  are  never  adherent  to  the  surrounding  structures  and 
can  be  easily  enucleated.  They  are  formed  of  a  dense  mass  of  connective  tissue,  which 
enwraps  the  parasite  and  encloses  small  cyst-like  spaces  filled  with  a  greyish  viscous 
substance  consisting  almost  entirely  of  microfilariae.  The  position  of  the  adult  worms 
within  these  tumors  is  very  remarkable.  The  greater  length  of  the  coiled-up  bodies  of 
the  females  is  embedded  in  the  connective  stroma;  consequently  they  cannot  be  ex- 
tracted unless  in  fragments.  The  males  lie  in  the  little  cyst-like  cavities  in  the  tumors, 
and  can  be  turned  out  entire.  The  posterior  extremity  of  the  male  with  its  copulating 
organs,  and  the  anterior  extremity  of  the  female  with  its  vaginal  opening,  are  free 
and  contiguous  in  one  of  the  spaces. ' ' 
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CHAPTEE  XXI 
MALAEIA 

Agne;  Fever  and  Ag-ue;  Paludism;  Marsh  Fever;  Remittent  Fever; 

Intermittent  Fever 

Definition. — Under  the  general  term  ''malaria"  we  include  those  acute 
specific  fevers  which  are  caused  by  certain  protozoal  parasites  desig- 
nated as  Plasmodia.  The  natural  habitat  of  these  parasites  is  the  blood 
of  man.  They  are  transferred  from  man  to  man  through  the  agency  of 
certain  species  of  mosquitoes  belonging  to  the  family  of  anopheles.  In 
the  mosquito  these  parasites  undergo  a  stage  in  their  development.  So 
far,  three  species  of  plasmodia  have  been  recognized:  P.  malariae, 
P.  vivax,  and  P.  falciparum.  The  word  "malaria"  is  from  the  two  Ital- 
ian words  mal  (bad)  and  aria  (air).  This  word  is  an  inheritance  from 
the  time  the  miasmatic  theory  of  the  causation  of  infectious  diseases 
prevailed. 

History. — We  have  no  evidence  concerning  the  existence  or  preva- 
lence of  malaria  in  ancient  Egypt.  Apparently,  the  Valley  of  the  Nile 
has  been  from  the  earliest  traditions  comparatively  free  from  this  dis- 
ease, and  even  today  EgyjDt  is  not  a  highly  malarious  country;  likewise, 
we  knoAV  nothing  concerning  this  disease  in  the  Valleys  of  the  Euphrates 
and  Tigris  at  the  height  of  civilization  in  Babylon  and  Nineveh,  al- 
though this  region  is  now  and  has  been  for  centuries  markedly  mala- 
rious. In  1907  a  monograph,  entitled  "Malaria,  A  Neglected  Factor  in 
the  History  of  Greece  and  Rome"  by  Professor  Jones,  of  Cambridge, 
England,  attracted  much  attention.  This  author  was  investigating  the 
change  in  the  Greek  character  which  took  place  during  the  fourth  cen- 
tury B.C.  In  the  course  of  this  investigation  he  was  impressed  with  the 
idea  that  malaria  might  have  had  something  to  do  with  the  deterioration 
of  the  Greek  at  that  time,  and  he  asked  himself  the  following  questions : 
(1)  Did  malaria  exist  in  Greece?  (2)  If  so,  to  what  extent  was  it  prev- 
alent? (3)  When  was  it  introduced,  or  when  did  it  become  common"? 
(4)  Is  there  any  ancient  evidence  of  its  effect  upon  character? 

The  result  of  his  studies  led  him  to  conclude,  tentatively  at  least,  that  at 
the  time  of  the  height  of  Greek  civilization  malaria  did  not  exist  in  that 
country.  In  Greek  literature  of  that  time  he  finds  no  reference  to  this 
disease.  The  word  "pyretos"  is  found  in  Homer  in  the  Iliad  only  once 
and  its  connection  shows  that  it  had  no  reference  to  a  disease,  but  refers 
to  the  "burning  dogstar."     After  this  solitary  instance  in  Homer  there 
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is  a  large  gap  in  wliieli  no  word  that  might  possibly  refer  to  this  disease 
is  found.  It  is  not  mentioned  by  Ilesiod,  Herodotus,  or  Thucydides. 
It  is  not  until  we  come  to  the  writings  of  Aristophanes  (about  422  B.C.), 
when  there  appear  full  descriptions  of  the  disease.  Not  only  is  malaria 
from  this  time  on  recognized  in  Grreek  literature,  but  the  different  forms 
of  the  disease,  quotidian,  tertian,  and  quartan,  are  fully  and  accurately 
described  both  in  lay  and  medical  Greek  literature.  Not  only  are  these 
forms  of  malaria  described,  but  attention  is  called  to  the  enlargement 
of  the  spleen,  which  is  an  almost  universal  accompaniment  to  this  dis- 
ease. Furthermore,  the  relation  between  malaria  and  marshes  is  pointed 
out  and  emphasized.  Hippocrates  says  that  men  who  drink  marsh  water 
get  enlarged  spleens.  The  conclusion  is  that  Hippocrates  really  observed 
that  dwellers  by  marshy  places  suffer  from  enlarged  spleens.  His  inter- 
pretation of  the  phenomenon  which  he  observed  was  incorrect  as  we 
now  know,  but  he  evidently  recognized  the  fact  that  there  was  some 
connection,  between  marshes  and  malarial  fevers.  Hi]3pocrates  also  ob- 
served the  seasonal  prevalence  of  malaria,  inasmuch  as  he  states  that 
in  autumn,  quartan  fevers  and  sj)lenic  diseases  are  very  common. 

In  regard  to  the  period  when  malaria  was  introduced  into  Greece, 
Jones  writes  as  follows: 

"It  is  easy  to  prove  that  malaria  was  present  in  Greece;  it  is  difficult  to  find  out 
wlien  it  first  made  its  appearance,  or  when  it  became  endemic.  It  is  proverbially  hard 
to  prove  a  negative  statement,  and  the  present  writer  readily  admits  that  it  is  im- 
possible to  show  that  there  was  no  malaria  in  Greece  before  a  fixed  date.  This  does 
not  mean  that  there  is  no  evidence.  On  the  contrary,  the  evidence,  with  respect  to 
Attica  at  least,  is  very  strong.  But  it  is  cumulative,  and  depends  for  its  full  force  upon 
a  due  consideration  of  many  lines  of  indirect  testimony.  In  the  first  place,  there  is  no 
reference  to  any  disease  which  can  be  malaria,  with  two  exceptions,  before  the  middle 
of  the  fifth  century.  The  first  exception  is  the  word  'pyretos'  in  Iliad  xxii,  31.  Now 
it  has  been  pointed  out  that  here  the  word  may  mean  'heat'  merely.  In  any  case 
it  is  not  necessarily  malaria.  But  let  it  be  taken  for  granted  that  the  word  does  refer 
to  malaria,  it  only  shows  that  the  disease  was  common  in  Homeric  times  at  the  place 
where  the  poet  lived.  This  was  probably  Asia  Minor.  On  the  other  hand,  Ilesiod,  a 
poet  of  Boeotia,  which  is  a  land  especially  suited  for  the  growth  of  the  malarial 
mosquito,  never  uses  the  word  'pyretos, '  even  though  he  might  well  have  been  expected 
to  do  so.  The  whole  question  is  uncertain,  but  whichever  interpretation  of  pyi-etos 
in  Homer  be  accepted,  nothing  whatever  can  be  proved  as  to  the  existence  (or  rather 
the  prevalence)  of  malaria  in  those  parts  of  the  Greek  world  with  which  we  are  chiefly 
concerned. ' ' 

Jones  concludes  that  in  all  probability  malaria  was  introduced  into 
Greece  from  Africa  during  the  fifth  century  B.C.,  and  that  it  became 
prevalent  in  that  country  during  the  fourth  century  B.C.  As  to  the 
influence  of  this  disease  upon  the  Greek  character,  this  author  writes  as 
follows : 
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' '  The  effect  of  malaria  is  always  disastrous.  As  one  reads  the  terrible  accounts 
given  by  those  who  have  made  a  study  of  the  disease,  the  conclusion  is  forced  upon  the 
mind  that  no  nation  deeply  infected  with  malaria  could  have  achieved  the  triumphs  of 
the  fifth  century;  and  that  its  certain  prevalence  in  the  fourth  century  must  have 
caused  a  decline.  *  *  *  Many,  but  certainly  not  all,  of  the  arguments  brought 
forward  might  be  attacked  by  a  clever  opponent.  But  taken  together  they  are  very 
strong  and  it  must  not  be  forgotten  that  a  vast  amount  of  testimony,  far  exceeding  that 
which  has  been  offered  might  have  been  cited  if  the  writer  did  not  wish  to  exclude  as 
far  as  possible  all  cases  and  symptoms  which  might  imply  either  malaria  or  diseases  of 
the  typhoid  type.  It  is  probable  that  many,  it  is  certain  that  some,  of  these  were  ma- 
laria. All  this  should  be  borne  in  mind  in  passing  judgment  upon  the  question.  If 
any  one  is  still  in  doubt  as  to  the  devastating  eif  ects  of  malaria  upon  character,  he 
should  consult  a  specialist  in  tropical  diseases  or  have  a  few  words  with  one  who  has 
himself  suffered  with  the  disease.  His  doubts  will  then  vanish.  Skepticism  on  the  point 
is  only  possible  in  a  laud,  in  which  happily,  malaria  is  no  longer  prevalent." 

Eoss,  the  demonstrator  of  tlie  relation  between  malaria  and  the  mos- 
quito, approves  the  conclusion  reached  by  Jones,  and  makes  the  follow- 
ing statement: 

"Modern  Greece  is  intensely  malarious.  In  the  Copaic  Plain,  examined  by  me  last 
year,  I  estimated  that  quite  half  the  children  were  infected  even  in  June  before  the 
annual  malaria  season  had  commenced.  The  Attic  Plain  is,  and  probably  always 
was,  much  healthier  owing  to  its  dry  climate;  but  numbers  of  other  plains  and  valleys 
are  certainly  as  bad  as  the  one  I  studied.  For  instance,  it  has  been  estimated  that  in 
the  unhealthy  year  1905,  out  of  a  total  population  of  nearly  two  and  one-half  mil- 
lions, nearly  a  million  people  were  attacked  with  malaria  and  nearly  6,000  died.  Black- 
water  fever,  the  worst  form  of  malaria,  is  exceedingly  common.  It  seems  likely  that 
malaria  was  introduced  into  Greece  about  the  time  of  the  Greek  invasion  of  Africa 
by  slaves  or  sick  soldiers  returning  to  their  homes.  It  would  require,  say,  half  a 
century  to  obtain  a  firm  hold  of  the  country;  and  would  then  probably  undermine  that 
august  civilization  when  at  its  height.  Let  us  gaze  for  a  moment  at  those  magnifi- 
cent marbles  which  have  recorded  forever  the  finest  development  of  the  human  form — 
were  these  gods  and  heroes  born  out  of  the  imagination  of  a  people  infested  and  de- 
graded by  malaria?  *  *  *  j  f^^^  ^^^  difficult  to  imagine  that  the  people  who  pro- 
duced this  great  sculpture,  and  the  no  less  magnificent  science  and  literature  of  ancient 
Greece  could  have  ever  suffered  very  much  from  malaria.  True,  it  may  be  said  that  the 
disease  was  present  among  them  during  the  whole  of  the  great  age,  but  only  to  a 
slight  degree;  but  this  is  difficult  to  understand,  because  the  existence  of  even  a  few 
endemic  cases  would  suffice,  given  the  presence  of  the  carrying  agents,  to  produce  a 
wide  and  rapid  extension.  Again,  it  may  be  argued  that  the  malaria  as  seen  in  Greece 
today  was  not  a  cause  but  a  result — due  to  the  neglect  of  cultivation  caused  by  the 
devastation  of  wars;  but  here  also  I  may  say  that  I  have  seen  no  evidence  of  the 
hypothesis  that  uncultivated  lands  are  really  more  malarious  than  cultivated  ones.  AU 
cultivation  requires  water,  and  frequently  requires  artificial  irrigation;  while  the  mere 
occupancy  of  cultivated  land  by  the  peasantry  tends  to  insure  the  presence  of  the 
parasite — so  that  devastation  should  and  does — I  think,  reduce  malaria  instead  of 
increasing  it.  On  the  whole,  therefore,  it  seems  probable  that  malaria  would  have 
reached  its  present  degree  of  prevalence  in  Greece  very  shortly  after  its  introduction; 
and  must  have  been  the  cause  or  a  cause  of  the  rapid  decline  of  tlie  country  after  the 
great  age,  and  not  the  result  of  that  event. ' ' 
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By  a  like  investigation,  Jones  conehides  that  ancient  Italy  was  free 
from  this  disease  and  that  it  Avas  introduced  into  that  country  by  Han- 
nibal's Carthaginian  mercenaries  during  the  second  Punic  War,  that 
it  became  quite  widespread  by  the  beginning  of  the  second  century  B.C., 
and  that  it  gradually  became  more  common  during  the  next  200  years. 
It  is  certainly  true  that  during  the  first  century  B.C.  malaria  prevailed 
widely  in  Italy  and  even  extensively  in  the  City  of  Rome.  Horace  ad- 
vised his  friends  to  leave  Rome  in  July  in  order  to  escape  this  disease, 
and  in  other  places  he  pointed  out  the  fact  that  many  country  districts 
were  still  free  from  it.  In  regard  to  the  influence  of  malaria  upon  the 
Roman  character,  Jones  writes  as  follows: 

''Modern  science  has  pronounced  witli  no  uncertain  voice  its  judgment  upon  ma- 
laria as  a  factor  in  morality.  'The  effect  of  the  disease  upon  the  people  is  to  unfit 
them  for  labor,  to  cause  loss  of  time,  loss  of  money,  and  generally  to  diminish  their 
producing  powers,  whilst  at  the  same  time  the  race,  if  left  to  itself  tends  towards  moral 
and  physical  degradation;  perhaps  the  most  incapacitating  disease  to  which  man  is 
liable. '  Now  it  has  been  shown  that  malaria  was  endemic  in  Rome,  probably  from  the 
time  of  Plautus  and  Terence  (second  century  B.C.).  Hence  it  is  practically  certain 
that  the  city  population  was  gradually  deteriorating.  But  from  economic  cauSes  Eome 
was  growing  more  and  more  congested  ever  since  the  second  Punic  War.  The  results 
were  a  sparsely  populated  country  and  a  degraded  rabble  in  the  metropolis.  Statesmen, 
perceiving  the  effect  but  not  the  cause,  did  all  they  could  to  bring  back  the  people  to  the 
land.  But  economic  causes  were  against  them;  the  deterioration  in  the  national  char- 
acter was  against  them,  and  the  continuous  civil  w^ars  of  the  first  century  B.  C.  were 
against  them.  The  waste  land  increased,  in  spite  of  ineffectual  attempts  to  reclaim 
it.  The  Roman  people  became  a  tainted  and  debased  folk,  penned  up  within  the  walls 
of  the  city.  New  blood  was  constantly  being  introduced,  during  the  early  Empire, 
from  healthier  and  sounder  races.  Lucan,'  Seneca,  Martial,  and  Quintilian,  were  all 
Spaniards.  This  fresh  infusion  was  itself  infected  in  time,  and  the  Roman  Empire  at 
last  fell  to  pieces.  It  is  not  pretended  that  malaria  was  the  sole  cause;  but  it  is  certain 
that  the  disease  gave  full  scope  to  other  disintegrating  factors. ' ' 

It  is  worthy  of  note  that  many  centuries  B.C.,  keen  observers  de- 
tected the  relationship  between  marshes  and  malaria.  It  is  told  that 
Empedocles  (about  550  B.C.)  relieved  a  city  in  Sicily  from  the  disease 
by  draining  its  marshes.  As  Ross  says,  there  has  been  doubt  thrown 
upon  the  truth  of  this  story ;  but  it  matters  little  whether  the  story  is 
true  or  not,  the  mere  fact  that  such  a  tale  was  told  proves  that  even  at 
this  early  date  there  was  some  comprehension  of  the  importance  of 
drainage  in  the  eradication  of  disease.  Strabo  (first  century  B.C.)  com- 
ments on  the  fact  that  Alexandria  in  spite  of  its  low-lying  situation 
was  free  from  marsh  fever.  As  Jones  points  out,  this  comment  could 
hardly  have  been  made  had  it  not  been  generally  known  that  most  places 
so  situated  were  unhealthful.  Hippocrates  observed  that  those  who 
lived  in  low  marshy  districts  are  neither  tall  nor  well  built,  but  dark- 
colored,  bilious,  and  wanting  in  courage  and  endurance.     Varro  (first 
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century  B.C.)  actually  states  that  there  are  bred  in  marshes  animals  too 
small  to  be  seen  but  which  enter  the  mouth  and  nose  and  cause  disease. 
A  contemporary*  Columella,  states  that  bogs  breed  insects  armed  with 
stings  and  pestilential  swimming  and  creeping  things  from  which  come 
obscure  diseases.  Cicero  and  Seneca  state  that  paludism  is  depopulat- 
ing certain  Italian  districts.  The  use  of  mosquito  nets  is  older  than  the 
Christian  era.  Herodotus  saw  them  in  Egypt,  and  Horace,  Juvenal,  and 
other  Roman  writers  refer  to  them.  It  is  stated  in  Roman  literature  that 
canopies  were  used  to  cover  the  cradles  of  the  rich  and  that  women 
recently  confined  spent  a  number  of  days  under  them. 

During  the  middle  ages  if  any  record  was  made  concerning  this  dis- 
ease it  has  been  lost.  It  is  not  likely  that  any  advance  was  made,  either 
in  extending  knowledge  pertaining  to  it  or  in  restricting  its  range. 
There  has  been  some  discussion  as  to  whether  malaria  existed  in  the 
western  hemisphere  in  pre-Columbian  days.  The  general  belief  is  that 
it  was  introduced  into  the  West  Indies  and  North  America  by  Euro- 
peans. However,  this  can  hardly  be  true  in  the  case  of  South  America, 
from  which  country  the  most  valuable  discover}^  ever  made,  so  far  as 
the  restriction  of  malaria  is  concerned,  has  come.  About  1640  the 
Countess  d'El  Cinchon,  wife  of  the  Vicero}"  of  Peru,  is  said  to  have  been 
cured  of  malaria  by  a  preparation  made  from  the  bark  of  a  tree  grown 
in  that  country.  This  woman  was  sufficiently  intelligent  and  public 
spirited  to  send  the  preparation  to  Europe  and  to  advise  its  use  in  the 
treatment  of  the  disease.  It  seems  to  have  been  long  in  the  hands  of  the 
Jesuits  and  was  knoAvn  as  the  Jesuits'  powder,  especially  under  the 
control  of  Cardinal  de  Lugo.  For  more  than  200  years  there  was  great 
difference  of  opinion  concerning  the  value  of  this  therapeutic  agent, 
because  it  was  used  in  all  kinds  of  fevers  and  found  valuable  in  some 
and  worthless  in  others.  In  some  countries  violent  controversies  arose 
concerning  the  specific  effect  of  this  agent  in  the  treatment  of  fcA^ers. 
It  was  reported  in  the  seventeenth  century  that  it  failed  in  all  cases  at 
Brussels  but  gave  relief  in  all  cases  at  Delft.  Of  course,  we  now  know 
that  this  meant  that  the  fevers  treated  at  Brussels  were  not  malarial, 
while  those  treated  at  Delft  were.  Fabulous  prices  were  demanded  for 
cinchona  bark  and  in  1658  sixty  florins  were  paid  for  enough  to  make 
20  doses.  In  England  the  bark  fell  into  the  hands  of  empirics  and  was 
largely  advertised  as  a  ''cure-all."  One  of  these  .quacks,  Talbor  by 
name,  was  knighted  and  at  the  same  time  was  made  physician  to  the 
King  by  Charles  II.  The  real  value  of  this  or  any  other  remed}^  in  the 
treatment  of  malaria  could  not  be  accurately  determined  until  the  pro- 
fession was  in  a  position  to  make  a  scientific  diagnosis,  and  this  did  not 
happen  until  the  discovery  of  the  parasite.  The  great  English  physician 
of  the  seventeenth  century,  Sydenham,  seems  in  the  different  editions  of 
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his  books  to  have  vacillated  greatlj'  in  his  opinion  concerning  the  thera- 
peutic value  of  cinchona  bark.  In  the  edition  of  his  works  in  1666  he 
stated  that  he  had  known  a  quartan  fever  to  continue  for  several  years 
under  the  use  of  the  bark.  Furthermore,  it  had  acted  disastrously  upon 
patients  when  given  immediately  before  the  paroxysm  but  when  cau- 
tioush'-  given  in  the  decline  of  the  fever  it  had  proved  of  some  value.  In 
the  edition  of  1675  he  almost  equaled  the  empirics  in  his  claims  for 
cinchona  bark,  as  the  following  quotation  will  show: 

"I  have  had  but  few  trials,  but  I  am  sure  that  an  ounce  of  bark,  given  between  the 
two  fits,  cures;  which  the  physicians  in  London  not  being  pleased  to  take  notice  of  in  my 
book,  or  not  believing  me,  have  given  opportunity  to  a  fellow  that  was  but  an  apothe- 
cary's man,  to  go  away  with  all  the  practice  on  agues,  by  which  he  has  gotten  an  estate 
in  two  mouths,  and  brought  great  reproach  on  the  faculty." 

Creighton,  in  discussing  the  controversy  concerning  the  value  of  cin- 
chona bark  at  that  time,  makes  the  following  statement: 

' '  The  death-bed  of  Charles  II,  it  is  well  known,  was  the  scene  of  ecclesiastical 
rivalries ;  but  the  physicians  at  the  bedside  of  the  King  had  their  rivalries  too. ' ' 

In  1820  Pelletier  and  Caventou  extracted  from  cinchona  bark  the  active 
alkaloid  since  known  as  quinin.  This  placed  in  the  hands  of  the  pro- 
fession a  standard  therapeutic  agent,  but  even  the  alkaloid  continued 
to  be  used  in  all  kinds  of  fevers  and  the  discussion  concerning  its  real 
value  kept  up.  However,  even  these  discussions  were  not  altogether 
devoid  of  profitable  results.  In  1697  Morton,  of  London,,  wrote  a  book 
in  which  he  minutely  described  and  classified  the  intermittent  fevers, 
and  pointed  out  those  in  which  cinchona  bark  proved  of  value.  In  1717 
a  still  more  valuable  work  appeared  from  the  hand  of  an  Italian  physi- 
cian, Lancisi.  The  title  of  this  book,  "De  noxiis  paludum  effluviis," 
shows  that  this  author  had  evidently  read  Varro  and  other  ancient 
Roman  writers.  He  stated  that  among  the  forms  of  life  there  must  be 
microscopic  living  organisms  which  enter  the  blood  and  there  multiply. 
Evidently  the  relationship  between  malaria  and  marshy  regions  im- 
pressed itself  more  and  more  upon  medical  observers.  Easori  -v^a-ote 
as  follows: 

"For  many  years  I  have  believed  that  intermittent  fevers  are  produced  by  para- 
sites, which  recreate  and  attack  in  the  act  of  their  rei^roduction,  this  occurring  at  more 
or  less  rapid  intervals  according  to  the  species." 

Metaxa,  of  about  the  same  period,  Avrote: 

' '  There  is  no  objection  to  the  belief  that  the  parasites  of  intermittent  fever,  the  first 
generation  of  which  is  exhausted  in  the  first  periodical  attack,  may  go  on  to  a  second 
generation  in  the  same  body.  *  *  "  The  duration  of  the  attack  is  equal  to  the  life 
of  the  parasites." 
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It  will  be  seen  from  these  quotations  liow  closely  medical  observers  by 
a  process  of  reasoning  approached  the  actual  truth,  which  could  not  be 
demonstrated  until  science  had  made  a  further  advance. 

In  our  own  country  more  than  one  medical  observer  gave  good  reasons 
for  believing  that  the  mosquito  had  something  to  do  with  the  transmis- 
sion of  malaria.  This  was  advocated  by  Nott,  of  Mobile,  as  early  as 
1848,  and  in  1883  King,  of  Washington,  presented  the  following  19  rea- 
sons for  believing  that  mosquitoes  carry  the  malarial  poison:  (1)  Both 
paludism  and  mosquitoes  are  connected  with  marshes.  (2)  Both  re- 
quire a  temperature  of  over  60°  F.  (3)  Both  are  checked  at  freezing 
point.  (4)  Both  increase  as  we  approach  the  equator.  (5)  Both  have 
an  affinity  for  dense  foliage.  (6)  Both  can  be  screened  off  by  trees. 
(7)  They  can  be  transported  by  winds.  (8)  They  are  encouraged  by 
turning  the  soil.  -(9)  Are  influenced  by  bodies  of  water.  (10)  Are 
diminished  by  cultivation,  settlement,  and  drainage.  (11)  Keep  near 
the  surface  of  the  ground.  (12)  Mosquitoes  abound  most  after  sun- 
down. (13)  And  in  the  open.  (14)  Are  destroyed  by  fires.  (15)  Are 
not  so  common  in  cities.  (16)  Are  most  prevalent  in  autumn.  (17)  Are 
arrested  by  mosquito  nets.  (18)  Affect  infants  (which  are  generally 
protected  by  nets)  less  than  adults.  (19)  Attack  whites  more  than 
other  races.  In  reviewing  these  reasons  recently,  Ross  says  that  though 
arguments  4,  13,  14,  18,  and  19  are  not  sound  and  5,  6,  and  7  are  doubtful, 
King  presents  the  most  cogent  arguments  in  favor  of  the  theory  of 
the  transmission  of  the  disease  by  mosquitoes. 

It  was  quite  natural  for  those  who  were  convinced  of  the  relationship 
between  marshes  and  malaria  to  attempt  to  induce  the  disease  by  drink- 
ing marsh  water.  Many  Italian  experimenters  carried  on  investigations 
along  this  line.  Zeri  caused  nine  persons  to  drink  from  1.5  to  3  litres 
of  marsh  water  a  day  for  a  number  of  days.  In  other  persons  he  in- 
jected the  water  into  the  rectum,  while  he  submitted  still  others  to 
spray  inhalation.  Of  course,  malaria  did  not  result  from  any  of  these 
treatments.  Others  sought  the  malarial  poison  in  the  air  over  marshes, 
and  in  1878  it  was  announced  that  the  specific  bacterium  of  this  disease 
had  been  discovered  by  Klebs  and  Tomassi-Crudeli. 

In  1878  Laveran,  a  French  Army  Surgeon,  then  stationed  at  Bone  in 
Algeria,  began  under  difficulties  the  study  of  the  blood  of  patients  with 
malaria.  His  equipment  would  hardly  be  regarded  today  as  satisfac- 
tory, and  he  did  all  of  his  splendid  work  without  an  immersion  lens. 
He  gave  especial  attention  to  the  red-blood  corpuscles  in  which  black 
granules  had  been  observed  by  Meckel  as  early  as  1847.  Upon  these 
Laveran  centered  his  attention,  and  finally  was  convinced  that  he  saw 
in  certain  red-blood   corpuscles  parasites  manifesting  amoeboid  move- 
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meiits.  He  coiitiuued  these  observations,  repeating  tliem  upon  all  pa- 
tients with  malaria,  and  in  1880  he  announced  that  he  had  discovered  in 
the  human  red-blood  corpuscles  of  malarial  patients  a  living  parasite 
which  could  not  be  found  in  the  corpuscles  of  other  patients.  He  con- 
vinced himself  that  the  black  granules  consist  of  excrementitious  mat- 
ter produced  by  the  parasites  as  the  result  of  their  feeding  upon  the  red 
cells.  After  this,  the  demonstration  that  these  parasites  are  the  actual 
causes  of  the  disease  was  relatively  easy.  It  only  remained  to  inject  the 
blood  of  malarial  patients  into  healthy  persons  and  produce  the  dis- 
ease with  all  its  characteristic  symptoms.  This  was  done  in  various 
parts  of  the  world  Avith  universally  positive  results.  It  was,  therefore, 
established  that  the  parasites  observed  in  the  red  corpuscles  in  persons 
with  malaria  constitute  the  causal  agents  in  the  production  of  the  inter- 
mittent or  malarial  fevers. 

In  1886  Golgi  showed  that  these  parasites  reproduce  themselves  by 
sporulation,  that  the  febrile  paroxysm  in  the  patient  begins  simultane- 
ously with  the  liberation  of  the  spores,  and  that  the  parasites  of  quar- 
tan and  mild  tertian  are  morphologically  different.  A  little  later, 
Canalis  and  Marchiafava  and  Celli  made  similar  discoveries  regarding 
the  malignant  parasites  and  showed  that  these  differ  from  the  quartan 
and  the  mild  tertian.  Danilewsky  about  the  same  time  reported  the 
discovery  of  similar  parasites  in  birds  and  certain  other  animals,  and 
Romanowsky  prepared  a  stain  by  which  all  malarial  parasites  are  easily 
recognized.  It  will  be  seen  that  these  discoveries  opened  the  way  for 
the  most  thorough  investigations  of  the  malarial  parasites,  and  this  field 
has  been  most  successfully  worked,  with  the  results  that  have  made  it 
possible  for  the  world  to  ultimately  eradicate  this  disease  which,  even 
today,  holds  a  large  part  of  its  population  in  bondage.  The  discovery 
of  the  parasite  Avas  not  sufficient  to  put  man  on  the  right  road  in  his 
endeavors  to  exterminate  this  disease.  It  remained  to  be  shoAvn  how 
these  parasites  are  transferred  from  an  infected  individual  to  an  unin- 
fected one.  As  we  have  already  shown,  by  a  process  of  reasoning 
founded  upon  their  observations,  many  men  had  concluded  that  this 
transfer  was  through  the  agency  of  a  mosquito;  but  these  men  had  had 
only  theories,  there  had  been  no  scientific  demonstration.  In  1889  Eoss, 
of  the  Indian  Medical  Service,  began  his  investigations  along  this  line. 
He  first  studied  the  culex  and  the  stegomyia  mosquitoes.  He  tried  to 
infect  healthy  persons  by  causing  them  to  drink  Avater  in  Avhich  mosqui- 
toes AAdiich  had  bitten  malarial  patients  had  died.  By  some  accident,  he 
states,  the  first  case  appeared  successful,  but  of  21  succeeding  experi- 
ments all  failed.  He  then  caused  stegomyia  and  culex  to  feed  upon 
malarial  patients   and  subsequently  to  bite  healthy  people.     These   ex- 
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periments  were  unsuccessful.  He  liad  not  found  the  right  species  of 
mosquito.  Moreover,  the  period  between  the  feedings  was  too  short. 
In  1895,  employing  anopheles  and  lengthening  the  time  between  the 
feedings,  he  succeeded  in  transferring  malaria  from  person  to  person. 
As  Ross  says:  "The  problem  was  practically  solved,  only  the  details 
and  formal  proofs  required  to  be  ascertained." 

The  slowness  with  which  the  world  accepts  and  utilizes  scientific  dis- 
coveries is  commented  upon  by  Ross  as  follows : 

"Laveran's  discovery  of  18S0  was  one  not  only  of  theoretical,  but  of  practical 
importance.  It  enabled  medical  men  to  distinguisli  with  certainty  cases  of  malarial 
fever  from  other  diseases,  and,  after  making  the  diagnosis,  to  treat  the  patient  method- 
ically. But  many  years  elapsed  before  it  began  to  be  used  for  these  purposes.  The 
parasites  were  not  seen  in  India,  for  example,  until  1887.  I  did  not  hear  of  the  dis- 
covery until  1888  and  did  not  see  the  parasites  until  1894.  Scarcely  half  a  dozen  men 
were  studying  them  in  India  at  that  time.  The  use  of  the  microscope  scarcely  became 
general  anywhere  in  tlie  tropics  until  after  1900;  and  quite  recently  medical  men  have 
told  me  of  hospitals  which  were  not  even  provided  with  these  indispensable  instru- 
ments. Numbers  of  others  had  never  read  the  fundamental  literature;  and  up  to  the 
present  day  many  colonies  possess  no  sufficient  organization  for  circulating  recent  medical 
papers.  Yet  in  most  tropical  countries  there  were  large  public  medical  services 
which  ought  to  have  been  properly  provided  for  in  these  respects." 

The  Parasites. — It  is  hardly  within  the  province  of  a  work  on  epi- 
demiology to  go  minutely  into  a  study  of  malarial  parasites.  From  a 
study  of  the  symptomatology  of  malarial  fevers,  it  w^as  known  to  ancient 
G-reek  physicians  that  there  are  three  types  of  fever,  quartan,  tertian, 
and  the  irregular  types.  The  scientific  explanation  of  these  observa- 
tions was  elucidated  by  CTolgi  in  the  late  eighties  of  the  nineteenth  cen- 
tury, who  showed  that  each  type  of  fever  is  produced  by  a  special  para- 
site and  that  the  paroxysms  are  simultaneous  with  the  discharge  of 
spores  into  the  blood.  Each  type  of  the  malarial  parasite  requires  a 
definite  period  of  time  for  its  growth,  development,  and  reproduction. 
It  may  be  well  to  briefly  review  the  work  done  by  Golgi  in  establishing 
these  important  facts.  His  first  cases  were  persons  suffering  from  un- 
treated simple  quartan  fever  with  the  paroxysm  coming  on  every  third 
day.  In  one  of  these  eases  in  which  the  paroxysm  was  expected  at  noon, 
Golgi  began  examining  the  blood  at  11:30  a.m.  and  found  that  the  cor- 
puscles contained  many  full-grown  parasites  full  of  spores.  While  the 
blood  was  being  examined  the  attack  came  on.  On  the  next  day  during 
which  there  was  no  fever  the  blood  contained  only  immature  parasites. 
On  the  second  day,  also  free  from  fever,  the  parasites  had  grown  suffi- 
ciently large  to  occupy  from  three-fourths  to  four-fifths  of  the  corpuscles 
in  which  they  were  found.  On  the  next  day  three  hours  before  the  ex- 
pected paroxysm  the  blood  was  found  to  contain  parasites,  most  of 
which  had  alreadv  reached  maturitv  and  some  of  which  sliowed  evidence 
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of  beginning  spore  formation.  An  hour  before  the  attack  the  number  of 
these  containing  spores  had  greatly  increased.  The  attack  occurred  at 
the  usual  hour,  and  three  hours  later  few  sporulating  forms  could  be 
found;  while  two  hours  later  still  all  had  disappeared,  being  replaced 
by  young  parasites.  In  this  manner  Golgi  studied  in  detail  some  40 
cases.  Most  of  these  were  simple  quartan,  but  some  were  double  quar- 
tan. In  the  latter  there  are  two  sets  of  parasites,  each  reaching  matur- 
ity on  different  days.  .The  parasites  of  each  set  develop  independently 
of  those  of  the  other  set.  Golgi  also  studied  cases  of  triple  quartan,  and 
furthermore  pointed  out  that  there  is  a  third  variety  of  parasite — one 
which  produces  so-called  ''crescents."  These  observations  have  been 
repeated  by  numerous  investigators  in  various  parts  of  the  world  and 
have  been  uniformly  confirmed.  The  parasites  are  introduced  into  the 
blood  by  the  bite  of  an  infected  anopheline.  The  parasites  thus  intro- 
duced penetrate  the  red-blood  corpuscles.  As  a  rule,  in  tertian  and  quar- 
tan infections,  only  one  parasite  is  found  in  a  single  corpuscle,  although 
exceptionally  two  are  seen  to  have  crowded  themselves  into  the  same 
corpuscle,  but  in  estivo-autunmal  infections  multiple  infection  of  the 
corpuscles  is  very  common.  The  parasite  lives  within  and  feeds  upon 
the  blood  corpuscle.  On  reaching  maturity  each  parasite  ruptures  the 
corpuscle  which  it  has  destroyed  and  discharges  its  spores  into  the  cir- 
culating blood.  Each  of  these  spores,  so  far  as  it  escapes  the  destruc- 
tive action  of  the  blood  plasma,  clings  to  and  finds  its  way  into  another 
corpuscle,  and  thus  the  method  of  propagation  is  continued  indefinitely. 

The  parasites  being  introduced  all  at  the  same  time  and  consisting 
of  the  same  brood  reach  maturity  and  produce  their  spores  at  the  same 
time.  When  first  introduced  the  number  may  be  so  small  that  no  visible 
effect  upon  the  body  results  from  the  first  one  or  more  sporulations.  The 
paroxysms  first  occur  when  there  is  enough  of  the  poison  set  free  to 
induce  fever.  Just  what  the  pyogenic  agent  is  in  these  fevers  is  not 
positively  known.  It  may  be  a  soluble  substance  which  escapes  into 
the  plasma  on  the  rupture  of  the  corpuscle  and  the  discharge  of  the 
spores,  or  it  may  result  from  the  cleavage  of  a  portion  of  the  spores 
through  the  action  of  digestive  or  destructive  ferments  in  the  blood 
plasma.  Ross  estimates  roughly  that  fever  results  if  one  in  100,000  red- 
blood  corpuscles  is  involved.  The  same  author  condenses  the  known 
facts  into  the  following  statements: 

(1)  The  parasites  are  not  found  in  those  who  have  not  suffered  from 
malarial  disease.  In  the  40  years  which  have  elapsed  since  Laveran's 
discovery,  hundreds  of  thousands  and  possibly  millions  of  patients  suf- 
fering from  various  diseases  have  been  examined  for  these  parasites 
talcing  the  civilized  world  as  a  whole,  and  there  has  never  been  a  case 
reported  by  a  competent  observer  of  the  finding  of  these  parasites  in 
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one  who  has  never  had  malaria.  In  Britain,  for  instance,  now  prac- 
tically nonmalarious,  these  parasites  are  never  seen  in  the  vast  numbers 
of  hospital  patients  examined.  In  the  tropics  they  are  often  found,  es- 
pecially^ in  children  who  have  no  fever  at  the  time  of  examination ;  but 
these  children  have  previously  had  or  will  subsequently  develop  some 
symptoms  of  malaria. 

(2)  The  parasites  can  always  be  found  in  a  large  proportion  of  mala- 
rial cases.  It  should  be  understood  that  in  a  blood  examination  only  a 
minute  quantity  of  blood  compared  with  the  total  amount  in  the  body 
passes  under  observation,  and  when  the  parasites  are  not  numerous  they 
may  be  overlooked  even  by  a  skilled  observer.  In  other  instances  the 
number  of  parasites  in  the  blood  may  be  so  small  that  they  are  not  de- 
tectable at  the  moment,  but  are  likely  to  multiply  and  be  more  abundant 
and  easih'^  detectable  later.  In  still  other  instances,  quinin  has  been 
administered  and  this  agent  may  have  reduced  the  number  of  organ- 
isms without  destroying  all  of  them  so  that  detection  is  difficult.  How- 
ever, the  finding  of  the  parasite  in  malarial  cases  depends  largely  upon 
the  skill  and  time  given  to  the  search  by  the  investigator.  Laveran 
detected  the  parasite  in  432  out  of  480  cases  in  Algeria;  Thayer  and 
Hewetson  in  nearly  all  of  333  patients  in  Baltimore ;  Billet  in  one  hun- 
dred per  cent  of  395  cases  in  Algeria ;  Duggan  in  every  one  of  400  cases 
in  Sierra  Leone ;  in  fact,  it  is  expected  in  well-equipped  hospitals  that 
no  case  of  malaria  will  escape  detection  although  repeated  and  careful 
examinations  may  be  required  in  some. 

(3)  The  patient's  fever  begins  at  the  moment  the  spores  of  the  para- 
site are  liberated.  We  have  given  sufficient  detail  under  this  head  in 
reporting  the  studies  of  Golgi  in  which  he  demonstrated  that  the  differ- 
ent parasites  require  different  periods  for  maturation  and  sporulation. 

(4)  The  different  types  of  malarial  fever  are  caused  by  the  different 
species  of  parasites.  This  also  was  demonstrated  in  the  classical  ex- 
periments made  by  Golgi.  His  findings  have  been  universally  confirmed 
and  it  is  now  demanded  that  the  blood  examination  should  not  only 
determine  the  presence  or  absence  of  malaria,  but  if  present  the  variety 
of  parasite  responsible  for  the  individual  case. 

(5)  Both  parasites  and  the  fever  may  be  reproduced  in  healthy  per- 
sons by  inoculation  with  infected  blood.  By  this  means  it  has  been 
demonstrated  that  the  fever  induced  in  the  recipient  of  the  blood  is 
exactly  the  same  in  symptomatology  with  that  manifested  by  the  donor. 
Blood  inoculations  have  been  made  so  repeatedly  and  have  been  so 
universally  successful  that  there  can  be  no  doubt  on  this  point. 

(6)  Both  the  parasites  and  the  fever  may  be  reproduced  in  healthy 
persons  by  the  bite  of  infected  mosquitoes.  In  making  this  demonstra- 
tion it  is  essential  that  the  mosquitoes  be  developed  from  the  larva  in 
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order  to  be  sure  that  tliey  have  not  previously  become  infected.  When 
this  precaution  is  taken,  not  only  is  malaria  transferred  from  one  indi- 
vidual to  another,  but  again  it  is  true  that  the  malaria  in  the  recipient 
is  the  same  form  of  the  disease  as  that  manifested  in  the  original  case. 
Anophelines  bred  from  the  larvae  have  been  permitted  to  feed  upon 
quartan  cases  in  Italy  and  then  sent  to  London  where  they  have  fed 
upon  health}^  individuals,  and  these  people  have  developed  quartan 
malaria. 

These  experiments,  which  have  been  repeated  so  often  that  they  are 
no  longer  regarded  as  novel  procedures,  amply  prove  that  these  para- 
sites cause  the  disease. 

Ross  estimates  that  about  50  plasmodia  per  e.mm.  are  necessary  to 
produce  the  first  distinctive  paroxysm  of  malaria.  This  assumption  is 
based  upon  the  further  assumption  that  the  patient  bears  only  one  set 
of  parasites.  If,  however,  there  are  two  or  more  sets,  each  sporulating 
on  different  days,  the  total  number  of  plasmodia  in  the  blood  should, 
theoretically  at  least,  be  several  times  larger.  It  does  not  follow  that 
if  50  Plasmodia  per  c.mm.  are  suffiicient  to  produce  the  first  attack  that 
an  equally  small  number  will  produce  subsequent  paroxysms,  because  as 
paroxysm  succeeds  paroxysm  there  is  undoubtedly  an  increase  in  the 
parasiticidal  action  of  the  blood;  indeed,  it  is  a  matter  of  observation 
that  even  without  treatment  the  periodic  paroxysms  may  grow  less  and 
less  violent,  and  so  far  as  symptoms  are  concerned  immunity  may  ap- 
parently be  established.  This  is  supposed  to  be  the  explanation  of  the 
so-called  latent  malaria  frequently  observed.  A  man  during  a  residence 
in  a  malarious  communit}^  may  have  frequent  attacks  of  the  disease  and 
finally  apparently  recover  and  then  go  to  some  nonmalarious  country. 
Here  without  again  being  infected  he  may  suddenly  develop  the  dis- 
ease. The  reawakening  of  latent  malaria  is  generally  accompanied  by 
and  probably  due  to  some  untoward  condition  to  which  the  individual 
is  subjected  and  by  means  of  which  it  is  supposed  that  his  acquired  im- 
munity is  lessened  or  lost.  It  is  an  interesting  question  as  to  Avliat 
becomes  of  the  parasites  during  these  periods  when  the  symptoms  of  the 
disease  are  not  manifested.  Evidently  there  must  remain  in  the  body 
during  this  time,  be  it  a  feAV  weeks  or  many  years,  a  certain  number  of 
the  parasites.  They  cannot  be  demonstrated  by  examination  of  the 
blood.  We  may  say  that  either  they  are  not  in  the  blood  or  that  they  are 
not  present  in  the  blood  in  sufficient  numbers  to  be  detected.  Because 
we  cannot  find  them  is  by  no  means  proof  that  they  do  not  exist,  and, 
since  the  disease  accompanied  by  their  reappearance  develops  without 
reinfection,  we  must  conclude  that  in  some  form  or  another  the  para- 
sites remain  in  the  body  through  these  latent  periods,  be  they  long  or 
short.      It   has    been    suggested    that    during    these   periods    of   latency 
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the  parasites  are  encysted  in  some  organ;  but,  if  this.be  true,  the 
encysted  forms  have  never  been  detected.  Furthermore,  it  has  been  sug- 
gested that  a  few  spores  may  be  carried  in  body  cells,  where  they  lie 
dormant  during  the  latent  period  and  spring  into  activity  when  the  body 
cells  reduced  in  efficiency  by  any  special  stress  or  strain,  are  unable  at 
the  time  to  hold  them  in  prison. 

Craig  has  proved,  by  careful  histologic  studies  made  of  the  liver 
and  spleen  in  patients  dying  of  disease  other  than  malaria,  but  who 
came  from  badly  infected  districts,  that  the  plasmodia  of  tertian  and 
estivo-autumnal  malaria  may  be  found  in  small  numbers  in  the  capil- 
laries of  these  organs  undergoing  their  ordinary  human  life-cycle,  or 
schizogony,  although  the  patients  examined  had  never  presented  symp- 
toms of  malaria  prior  to  their  death  from  some  other  disease.  These 
observations  conclusively  demonstrate  that  the  malaria  plasmodia  may 
be  living  and  multiplying  in  the  internal  viscera  of  man  although  no 
sj^mptoms  of  their  presence  be  noted.  There  are  many  other  diseases  in 
which  the  causatii^e  agent  remains  in  the  body  and  is  sometimes  easily 
demonstrable  long  after  recovery  from  the  active  symptoms.  In  some 
of  these  also  there  are  relapses.  It  seems  most  probable  that  in  these 
instances  there  is  a  modus  vivendi  established  between  the  foreign  and 
the  body  cells  by  means  of  which  a  small  number  of  the  former  are  tol- 
erated within  the  domain  of  the  latter,  apparently  on  promise  of  good 
behavior.  We  see  examples  of  this  kind  not  only  in  other  protozoal  dis- 
eases, but  in  some  of  those  of  bacterial  causation.  It  must  be  admitted 
that  the  parasites  in  small  numbers  continue  in  the  body  during  these 
latent  periods,  and  since  the  life  of  an  individual  parasite  is  short  it 
seems  necessary  to  conclude  that  there  must  be  during  this  time  not  only 
a  continuance  of  life,  but  some  form  of  reproduction.  In  regard  to  these 
latent  periods  in  which  there  is  no  evidence  of  the  disease  and  which 
Ross  calls  ''rallies,"  this  author  writes  as  follows: 

''Many  diseases — ^tuberculosis,  trypanosomiasis,  relapsing  fever,  leprosy,  etc. — ex- 
hibit sucli  variations  in  intensity.  We  picture  to  ourselves  a  long  struggle  between  the 
invaders  and  the  opposing  force — first  one  side  triumphs  and  then  the  other,  and  death 
or  recovery  ends  the  contest.  Just  as  rest  and  good  food  encourage  the  resistance,  so, 
probably,  anything  -which  weakens  the  patient — fatigue,  chill,  heat,  dissipation,  other 
sickness — tends  to  encourage  the  parasites.  Educated  patients  often  declare  that  their 
fever  is  brought  on  by  such  causes.  Military  surgeons  recognize  that  when  infected 
troops  are  dispatched  upon  arduous  military  duties,  numbers  of  them  begin  to  fall  sick 
at  once,  even  though  it  may  not  be  the  season  of  fresh  infections.  Travelers  and 
planters  complain  of  the  same  thing  as  regards  their  porters  or  coolies;  and  medical 
men  notice  the  frequency  of  malarial  relapses  after  typhoid  fever,  venereal  diseases, 
child-birth,  accident,  etc." 

In  this  connection  it  may  be  well  to  call  attention  to  the  fact  recorded 
in   our  discussion   of  typhoid  fever — that  when  t^'plioid  fever  appears 
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as  an  intercurrent  disease  in  one  with  malaria,  all  malarial  symptoms 
disappear  during  the  course  of  the  typhoid  fever  but  reappear  after 
recovery  from  typhoid  fever.  Up  to  the  present  time  we  have  no  sat- 
isfactory explanation  of  such  observations. 

Since  each  malarial  parasite  destroys  a  red-blood  corpuscle  at  the 
same  time  that  it  multiplies  itself  in  spores  and  each  of  its  numerous 
progeny  destroys  another  corpuscle,  it  must  be  evident  that  if  this 
operation  proceeded  without  let  or  hindrance  all  malarial  cases  would 
terminate  in  death,  but  we  knoAv  that  the  death  rate,  from  the  lighter 
malarias  at  least,  is  not  high,  that  it  is  a  chronic  disease  tending  to 
disability  rather  than  to  speedy  death.  It  must  be  evident,  therefore, 
that  as  the  disease  develops,  the  body  cells  at  the  same  time  are  not 
inactive  but  are  engaged  in  strengthening  their  resistance.  In  mala- 
rious countries  the  active  disease  is  found  most  frequently  in  children, 
while  the  adults  shoAV  by  their  enlarged  spleens  and  general  cachexia 
that  they  have  passed  through  the  active  manifestations  of  the  disease. 
In  the  individual  there  is  a  certain  immunity  established  to  malaria. 
In  reaching  this  condition  of  increased  resistance,  however,  the  in- 
dividual has  both  his  physical  and  mental  strength  reduced  and  re- 
mains more  or  less  a  cripple.  It  is  this  degrading,  lasting,  and  almost 
universal  impress  that  this  disease  makes  upon  the  people  that  renders 
the  necessity,  or  at  least  the  desirability,  of  its  eradication  of  great 
importance.  A  more  acute  disease  with  a  higher  death  rate  may  re- 
duce a  population  more  quickly  and  more  extensively,  but  it  does  not 
leave  upon  a  people  a  more  disastrous  effect.  Whatever  the  extent 
of  immunity  that  may  be  established  in  the  adult  as  a  result  of  his 
having  passed  through  the  more  active  stages  of  the  disease  in  his 
childhood,  there  is  no  evidence  that  the  adult  passes  on  to  his  children 
any  satisfactory  degree  of  immunity.  Malaria  has  in  all  probability 
been  almost  universal  in  Greece  for  more  than  2,000  years,  covering 
at  least  60  generations,  and  still  Ross  found  that  quite  half  the  children 
in  the  Copaic  Plain  were  infected  even  in  June  before  the  height  of 
the  malarial  season  had  been  reached. 

It  must  be  evident  from  what  has  been  said  that  malarial  diseases 
i-esult  in  more  or  less  marked  anemia;  in  fact,  it  is  not  infrequent 
to  find  in  malarious  countries  the  number  of  red-blood  corpuscles  in 
individuals  reduced  to  2,000,000  per  c.mm.  and  even  to  less  than  this 
number.  That  no  one  can  be  healthy  either  in  mind  or  body  with  his 
red  blood  corpuscles  reduced  to  half  the  normal  number  or  even  less,  re- 
quires no  argument.  Ross  raises  the  very  important  question  as  to  the 
average  duration  of  untreated  infections.  If  1,000  persons  simultaneously 
infected  were  to  be  removed  simultaneously  to  a  perfectly  healthy  area 
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aud  were  there  kept  untreated,  how  long  would  their  infections  con- 
tinue? From  certain  statistics  which  he  has  assembled,  he  concludes 
that  one-half  would  recover  in  three  months,  three-fourths  in  six 
months,  seven-eights  in  nine  months,  and  fifteen-sixteenths  in  a  year. 
We  take  it,  however,  that  Ross  does  not  mean  to  imply  that  these 
people  would  be  free  from  the  probabilities  of  frequent  relapses,  nor 
would  the  disability  imposed  upon  them  by  the  infection  be  wholly 
removed. 

As  has  been  stated,  Hippocrates  observed  that  those  who  live 
near  marshes  have  enlarged  spleens.  This  is  a  matter  of  importance 
to  the  epidemiologist,  as  well  as  to  the  pathologist,  because  with  certain 
precautions  splenomegaly  is  used  as  a  measure  of  the  prevalence  of 
malarial  diseases.     Eoss  makes  the  following  statements  on  this  point: 

''(1)  That  in  a  given  number  of  infections  of  the  same  duration  (a)  in  children 
and  (b)  in  adults,  the  children  will  show  a  greater  degree  of  splenomegaly.  (2)  That 
in  a  given  number  of  infections  of  the  same  duration  (a)  in  Indo-Europeans  (b)  in 
neg'roes,  the  former  will  show  a  greater  degree  of  splenomegaly.  (3)  That  in  a  given 
number  of  infections  of  the  same  duration  (a)  in  untreated  persons  (b)  in  persons  of 
the  same  age  and  race  treated  even  slightly  with  quinin,  the  former  will  show  the 
greater  degree  of  splenomegaly.  (4)  That  in  a  given  number  of  infections  of  the 
same  duration  (a)  in  persons  infected  only  once,  (b)  in  persons  who  have  been  subject 
to  repeated  infections,  the  latter  will  show  a  greater  degree  of  splenomegaly.  (5)  That 
the  number  of  parasites  tends  to  vary  inversely  as  the  degree  of  splenomegaly  5  that 
is,  that  the  parasites  tend  to  die  out  in  persons  with  very  large  spleen.  (6)  That  a  hot 
and  damp  climate,  or  insufficient  food,  or  certain  diets,  or  bad  drinking  water,  may 
possibly  favor  the  development  of  splenomegaly;  in  other  words,  that  the  degree  of 
splenomegaly  may  not  always  be  an  exact  measure  of  the  amount  of  malaria  in  a 
locality. ' ' 

Ross  also  calls  attention  to  the  fact  that  splenomegaly,  even  in  en- 
demic form,  may  be  due  to  kala-azar.  However,  since  the  parasite  of 
this  disease  and  its  method  of  detection  are  also  known  there  should  be 
no  confounding  of  the  two  diseases.  In  malarious  countries  the  per- 
centage of  enlarged  spleen,  or  Avhat  is  known  as  "spleen  rate,"  falls 
with  increase  in  distance  from  marshes. 

The  Life-Cycle  of  the  Parasites. — In  the  technical  language  of  the 
protozoologist  there  are  two  cycles  in  the  development  of  these  para- 
sites. One  occurs  in  the  blood  of  man,  is  asexual  and  is  designated 
the  schizogonic  cycle,  while  the  other  occurs  in  the  mosquito,  is  sexual 
and  is  called  the  sporogonic  cycle.  The  blood  of  the  infected  man  con- 
tains mature  sexual  elements  known  as  gametes,  but  copulation  cannot 
occur  in  man.  In  the  mosquito  the  male  sexual  elements,  known  as 
microgametocytes,  throw  oft'  flagella,  known  as  microgametes,  and  these 
copulate  with  the  female  elements,  knoAvn  as  macrogametes.  As  a  re- 
sult   of   the    contact    between    the   microgamete    and    the   macrogamete 
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(respectively  male  and  female  elements)  tlie  latter  prolongs  its  proto- 
plasm, forming  the  so-called  cone  of  attraction.  As  a  result  of  the  union 
of  the  male  and  female  elements,  there  is  first  formed  the  ookinete.  This 
stage  of  reproduction  may  be  observed  in  malarial  blood  on  a  glass 
slide,  but  outside  the  body  of  the  mosquito  the  process  of  reproduction 
goes  no  further.  In  the  mosquito  the  ookinete  penetrates  the  wall  of 
the  stomach  of  the  insect  and  outside  the  wall  is  transformed  into  what 
is  known  as  the  oocyst.  The  oocyst  grows  and  divides  first  into  sporo- 
blasts  and  later  into  sporozoits.  The  sporozoits  set  free  from  the  burst- 
ing oocyst  pass  into  the  general  body-cavity  of  the  mosquito  and  find 
their  way  into  the  salivary  glands,  where  they  remain  until  the  mos- 
quito, through  its  proboscis,  injects  them  into  a  human  being.  Having 
been  thrown  into  the  blood  the  sporozoits  enter  the  red-blood  corpuscle 
and  are  now  known  as  schizonts.  In  the  blood  cell  the  schizont  grows 
and  undergoes  a  process  of  division,  forming  Avhat  are  known  as  mero- 
zoits.  When  the  blood  corpuscle  ruptures,  the  merozoits  are  thrown 
into  the  blood  and  enter  other  red-blood  corpuscles.  Coincident  with 
these  developments  the  schizonts  also  produce  sexual  elements,  or 
gametes.  However,  the  sexual  elements  cannot  copulate  within  man's 
body  on  account  of  the  unfavorably  high  temperature ;  therefore,  sexual 
reproduction  must  await  the  transfer  of  these  gametes  to  a  mosquito, 
in  which  the  temperature  is  several  degrees  (about  10)  below  the  blood 
of  man  and  where  sexual  reproduction  takes  place.  The  period  required 
for  the  complete  sexual  reproduction  in  the  mosquito  is  from  10  to  12 
days  ordinarily,  but  under  exceptional  conditions  may  greatly  exceed 
this  time.  The  most  favorable  temperature  for  sexual  reproduction  in 
the  mosquito  lies  somewhere  about  28°  C.  Below  22°  C.  the  development  of 
the  parasite  in  the  mosquito  goes  forward  more  slowly  and  may  require  as 
long  a  time  as  50  days.  During  the  hot  months  in  tropical  and  subtropical 
countries  the  full  .development  of  the  parasite  in  the  mosquito  is  usually 
completed  within  12  days.  This  means,  of  course,  that  a  period  of  about 
this  time  must  elapse  between  the  feedings  in  order  that  a  mosquito 
originally  uninfected  may  transmit  the  disease  from  one  man  to  another. 

Anopheles. — After  the  discovery  of  the  parasite  by  Laveran  (1880) 
and  the  demonstration  of  its  transmission  b}^  Ross  (1897),  it  remained 
to  be  determined  whether  the  disease  can  be  transferred  from  the  in- 
fected to  the  uninfected  by  other  means.  During  the  summer  of  1900 
two  very  important  experiments  with  the  idea  of  determining  this  point 
were  made  in  Italy.  Grassi  undertook  to  protect  104  persons  living  in 
ten  cottages  and  two  railroad  stations  near  Salerno  from  the  disease 
by  excluding  mosquitoes  from  their  habitations.  Although  during  that 
.summer  the   disease  was  widely  prevalent  among  other  people   in  the 
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same  neigliborliood  only  three  out  of  the  104  persons  showed  any  evi- 
dence of  the  disease,  and  these  were  evidently  relapses  from  malaria 
acquired  the  previous  year.  During*  the  late  summer  and  early  autumn 
of  the  same  year,  Sambon  and  Low,  of  the  London  School  of  Tropical 
Medicine,  spent  three  months  in  a  house  of  five  rooms  a  short  distance 
from  Ostia  in  one  of  the  most  malarious  parts  of  the  Campagna.  This 
house  was  tightly  built  and  thoroughly  screened.  With  two  Italian 
servants  these  doctors  lived  in  the  house,  took  no  precautions  other 
than  the  screening  and  being  careful  to  enter  the  house  at  sundown 
and  remain  there  until  full  daylight  the  next  morning.  During  the 
daytime  they  explored  the  neighboring  swamps  and  woodlands  and 
visited  the  villages.  They  received  and  entertained  many  visitors, 
but  were  always  careful  to  shut  themselves  in  the  house  before  sun- 
down. At  their  screened  windows  they  stood  and  watched  the  swarm- 
ing mosquitoes  on  the  outside.  During  the  rainy  season,  when  prac- 
tically all  the  inhabitants  of  the  neighborhood  were  shaking  with 
malaria,  they  made  it  a  point  to  go  out  into  the  rain  and  get  thoroughly 
soaked.  At  the  same  time  they  demonstrated  that  the  prejudice  against 
night  air  was  unwarranted,  except  insofar  as  mosquitoes  might  come 
with  the  approach  of  night.  The  screened  windows  and  doors  per- 
mitted the  night  air  to  circulate  freely  through  every  room  in  the  little 
house.  Although  surrounded  in  this  way  for  three  months  by  swarm- 
ing mosquitoes  they  passed  the  time  in  moderate  comfort,  and  at  least 
remained  absolutely  free  from  malaria.  During  the  same  summer,  still 
another  similar  experiment,  though  involving  more  people  and  being- 
somewhat  more  complicated,  was  carried  out  by  Fermi  and  Tonsini  on 
the  Island  of  Asinara,  which  is  small  and  inhabited  only  by  convicts 
and  their  guards  and  lies  a  short  distance  off  the  north  coast  of  Sardinia. 
The  results  obtained  in  these  and  similar  experiments  did  much  to  con- 
vince the  world  that  malaria  is  disseminated  only  by  mosquitoes.  As 
has  been  stated,  Ross  and  other  observers  found  that  malaria  is  not 
transmitted  by  either  the  culex  or  the  stegomyia.  Credit  is  generally 
given  to  Grassi  for  demonstrating  that  human  malaria  is  transmitted 
only  by  the  anopheles. 

Bird  malaria  is  transmitted  by  the  culex  and  the  stegomyia  is  the  car- 
rier of  yellow  fever,  but  the  transmission  of  malaria  in  man  seems  to 
be  the  special  function  of  the  genus  Anopheles.  However,  not  all  species 
of  anopheles  have  been  incriminated.  Up  to  the  present  time  the  fol- 
lowing species  of  this  genus  have  been  found  able  to  transmit  malarial 
parasites : 

North  America.  Anopheles  crucians.  A.  quadrimaculatus.  A.  puncti- 
pennis.     A.  pseudopunetipennis. 
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Europe.  A.  maculipenuis.  A.  bifurcatus.  A.  superpictus.  A.  his- 
paniolo.    A.  sinensis.    A.  turkliudi.    A.  tlieobaldi. 

South  America.  A.  cruzi.  A.  albimanus.  A.  argyritarsis.  A.  inter- 
medins. A.  punctipennis.  A.  psendopunctipennis.  A.  pseudomaculipes. 
A.  tarsimaculata. 

Asia.  A.  barbirostris.  A.  cnlieifacies.  A.  funestns.  A.  fnliginosns. 
A.  ludlowi.  A.  maenlatus.  A.  macnlipalpis.  A.  minimus.  A.  rossi.  A. 
stephensi.  A.  sinensis.  A.  tlieobaldi.  A.  umbrosus.  A.  turklmdi.  A. 
willmori.     A.  jeyporensis.     A.  listoni. 

Africa.  A.  cnlieifacies.  A.  theobaldi.  A.  macniipennis.  A.  bifur- 
catus. A.  superpictus.  A.  algeriensis.  A.  funestns.  A.  costalis.  A. 
macnlipalpis.  A.  manritianns.  A.  pliaroensis.  A.  turklmdi.  A.  umbro- 
sus. 

Japan.     A.  jesoensis.     A.  formosaensis.     A.  cohoesa. 

Philippine  Islands.  A.  fuliginosns.  A.  barbirostris.  A.  ludlowi.  A. 
maenlatus.     A.  minimus.     A.  sinensis. 

Porto  Rico.     A.  albimanus.     A.  argyritarsus.     A.  tarsimaculata. 

Panama.  A.  argyritarsis.  A.  albimanus.  A.  psendopunctipennis.  .  A. 
tarsimaculata. 

It  must  not  be  understood  that  the  above  is  a  complete  list  of  the  species 
of  anopheles  which  may  transmit  malaria.  The  classification  is  still  in 
process  and  names  are  frequently  changed.  New  species  are  being 
created  and,  in  fact,  a  name  proper  today  may  fall  into  disuse  before 
the  year  is  past.  When  Ross  demonstrated  that  the  mosquito  transmits 
the  malarial  parasites  numerous  entomologists  set  out  to  reclassify 
species  of  mosquitoes,  and  this  work  is  still  in  flux. 

Activity. — Most  species  of  anopheles  are  most  active  at  twilight, 
evening'  and  morning.  Their  daily  period  of  activity  seems  to  be  limited. 
According  to  Grassi,  anopheles  begin  to  fly  while  one  is  still  able  to 
read  by  daylight  but  Avhen  it  is  too  dark  to  read  they  disappear.  Ac- 
cording' to  this  author,  the  period  of  activity  in  the  evening  in  Italy 
seldom  lasts  mOi*e  than  40  minutes.  They  begin  to  approach  houses 
in  relatively  small  numbers,  reaching  their  greatest  density  in  about  20 
minutes,  and  then  gradually  decrease  in  number.  On  cloudy  days  they 
come  earlier  and  remain  longer.  Apparently  they  are  governed  by  the 
amount  of  light  and  not  by  the  clock.  The  number  appearing  in  the 
morning  tAvilight  is  smaller  than  that  seen  in  the  evening.  On  moonlight 
nights,  especially  if  there  be  but  little  air  stirring,  they  may  bite  all 
night,  but  usually  cease  their  depredations  when  the  night  temperature 
reaches  its  lowest  point,  which  is  about  2  a.m.  Between  4  and  6  a.m. 
they  may  again  bite  in  the  fiercest  manner.  These  observations  were 
made  in  central  and  southern  Italy.     In  more  northern  parts  of  Italy 
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the  time  of  activity  is  much  more  restricted  on  account  of  the  low  tem- 
perature. They  are  seldom  found  flying  when  there  is  a  marked  move- 
ment in  the  air.  Apparently  they  are  not  carried  by  the  wind,  nor  do 
they  face  strong  movements  in  the  air.  When  it  is  windy  they  rest  in 
the  foliage.  The  anopheles  seldom  bite  in  bright  sunlight,  but  they  may 
bite  out-of-doors  during  the  daytime,  especially  in  shaded  places,  or  in 
houses  which  are  not  well  lighted  or  when  the  day  is  cloudy.  From 
observations  made  in  Brazil  by  Chagas  and  others,  it  seems  that  differ- 
ent species  of  anopheles  enjoy  different  degrees  of  light  and  go  on  their 
respective  excursions  at  different  times.  For  any  one  species,  as  a 
rule,  the  biting  time  lasts  only  about  30  minutes,  but  when  one  species 
leaves  off  another  may  follow.  It  is  said  that  they  do  not  bite  in  ab- 
solute darkness  but  may  bite  all  through  the  night  in  rooms  partially 
lighted.  In  Brazil,  according  to  the  above  authority,  all  species  of 
anopheles  bite  in  the  forest  during  the  daytime  but  they  are  not  abroad 
in  the  great  numbers  observed  at  night.  According  to  Smith,  New 
Jersey  anopheles  often  bite  the  inhabitants  while  sitting  on  their  porches 
during  the  afternoon.  The  same  authority  states  that  A.  crucians,  prev- 
alent in  New  Jersey,  is  likely  to  bite  from  sunrise  until  11  a.m.  and  from 
3  P.M.  until  after  dark;  in  fact,  this  species  may  bite  at  any  time  of 
the  day  when  it  finds  opportunity  in  some  relatively  cool  location.  Some 
of  the  Indian  anopheles  are  said  to  feed  greedily  even  in  the  daytime. 
It  is  evident  that  the  time  when  this  insect  is  busy  varies  within  wide 
limits  with  the  species,  the  temperature,  and  the  amount  of  light.  It 
appears,  however,  from  the  experiences  of  Sambon  and  Low  that  in  the 
Roman  Campagna  the  anopheles  of  that  region  are  not  active  in  the 
bright  light  of  the  day. 

In  discussing  the  biting  habits  of  anopheles  on  the  Canal  Zone,  Le 
Prince  makes  the  following  statement : 

"So  far  as  we  can  determine  not  much  malaria  is  actually  contracted  by  laborers 
while  outside  on  the  work;  in  fact,  we  have  no  case  on  record  where  a  person  on  the 
Isfthmus  has  been  bitten  by  an  anopheles  when  the  person  was  exposed  to  the  direct  raysi 
of  the  sun.  Although  we  think  very  little  infection  is  conveyed  during  working  hours 
out  in  the  sunlight,  we  do  know  that  it  is  a  common  occurrence  for  persons  to  be  bitten 
in  the  daytime  by  anopheles  when  both  are  inside  of  buildings.  We  have  noted  that  a 
person  indoors  may  be  bitten  several  times  in  a  period  as  short  as  ten  minutes,  and 
that  anopheles  while  indoors  will  take  blood  at  any  time  between  daylight  and  dark,  as 
well  as  at  night." 

Flight. — How  far  do  mosquitoes  fly?  This  is  a  highly  important  ques- 
tion. The  answers  that  have  been  given  to  it  differ  widely.  They  have 
been  determined  by  the  distances  between  the  places  where  the  insects 
are  found  and  the  nearest  breeding  pools.  Since  mosquitoes  may  breed 
in  very  small  collections  of  water,  such  as  those  formed  by  the  foot- 
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prints  of  animals  and  since  these  may  be  easil}^  liidden  by  vegetation, 
rubbish,  etc.,  it  is  not  always  easy  to  determine  the  distance  between 
the  place  where  the  insect  is  found  and  that  where  it  breeds.  Craig 
states  that  in  the  Philippines  anopheles  may  fly  two  and  one-half  miles, 
but  Howard  is  inclined  to  the  opinion  that  this  is  an  overestimate.  How- 
ever, the  correctness  of  Craig's  observation  has  been  conclusively  proved 
by  the  studies  upon  the  flight  of  anopheles  mosquitoes  in  the  Canal 
Zone  and  recorded  in  the  Reports  of  the  Health  Department,  Panama 
Canal,  for  1919  and  1920.  Experiments  made  with  marked  anopheline 
mosquitoes  by  observers  in  the  Canal  Zone,  showed  that  these  mosquitoes 
liberated  at  distances  of  over  two  miles  from  selected  habitations  were 
caught  again  in  the  habitations  and  it  was  definitely  proved  that  there 
was  a  regular  daily  flight  of  Anopheles  albimanus  and  Anopheles  tarsi- 
maculaia  into  the  City  of  Colon  from  a  swamp  over  two  miles  distant,  one 
mile  of  which  was  across  the  open  water  of  Manzanilla  Bay.  This  daily 
flight  occurred  during  the  earh^'  hours  of  the  evening  from  the  swamp 
to  Colon,  the  mosquitoes  returning  to  the  swamp  in  the  early  morning 
hours.  During  this  time  the  insects  could  be  observed  in  countless 
number  crossing  the  bay  and  the  flight  occurred  without  reference  to 
the  prevailing  winds  and  upon  absolutely  calm  days.  Pressat,  study- 
ing conditions  at  Ismailia  in  Egypt,  came  to  the  conclusion  that  anoph- 
eles are  not  capable  of  long,  continuous  flight.  He  admits  that  they 
are  frequently  found  long  distances  from  their  breeding-places,  but  he 
thinks  that  they  have  come  by  relatively  short  stages.  Moreover  he 
points  out,  as  all  will  admit,  that  they  may  be  transported  b}^  boat, 
wagon,  railway,  or  any  other  manner  b}^  which  man  may  travel.  Colli 
is  quite  sure  that  the  anopheles  present  in  southern  Italy  do  not  fly 
greater  distances  than  from  300  to  350  meters,  and  when  they  are  found 
at  greater  distances  from  their  breedings-places  it  must  be  assumed  that 
they  have  been  carried,  at  least  part  of  the  way.  From  observations 
made  in  China,  Young  concludes  that  malarial  mosquitoes  do  not  fly 
more  than  200  yards. 

Migration  in  flocks  has  been  reported  from  time  to  time,  and  in  one 
instau'ce  at  least  it  was  believed  that  the  mosquitoes  came  from  a  marsh 
35  miles  distant.  There  are  stories  told  about  clouds  of  mosquitoes  suf- 
ficient to  darken  the  sun  and  to  weigh  down  the  grass  and  shrubs  upon 
which  they  alight.  An  ancient  Roman  writer  tells  how  mosquitoes  in 
great  numbers  are  useful  to  man  in  tropical  countries  by  reducing  the 
number  of  lions : 

"The  lions  ■wander  in  countless  droves  among  the  beds  of  rushes  on  the  baiiks  of 
the  rivers  of  Mesopotamia  and  in  the  jungles,  and  lie  quiet  all  the  winter,  which  is 
very  mild  in  that 'country.  But  when  the  warm  weather  retui'ns,  as  these  regions  are 
exposed  to  great  heat,  they  are  forced  out  by  the  vapors,  and  by  the  size  of  the  gnats. 
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with  swarms  of  which  every  part  of  that  country  is  filled.  And  these  winged  insects 
attack  the  eyes,  as  being  both  moist  and  sparkling-,  sitting  on  and  biting  the  eyelids; 
the  lions  unable  to  bear  the  torture  are  either  drowned  in  the  rivers,  to  which  they  flee 
for  refuge,  or  else,  by  frequent  scratchings,  tear  their  eyes  out  themselves  with  their 
claws,  and  then  become  mad.  And  if  this  did  not  happen  the  whole  of  the  East  would 
be  overrun  with  beasts  of  this  kind. ' ' 

It  is  a  well-known  fact  that  mosqnitoes  often  visit  ships  which  lie 
within  a  half  mile  of  shore;  in  fact,  both  malaria  and  yellow  fever  have 
appeared  on  ships  so  situated  and  when  there  has  been  no  direct  com- 
munication with  the  shore.  It  is  not  supposed  that  the  mosquitoes  fly 
to  such  ships  with  the  intention  of  securing  food.  It  is  more  probable 
that  they  are  wandering  at  random  and  thus  come  to  the  ship.  Hosts, 
not  only  of  insects,  but  of  birds  as  well,  have  been  known  to  fly  out  to 
sea  to  their  own  destruction.  The  distance  from  land  covered  by  mos- 
quitoes in  reaching'  the  ships  is  quite  definitely  stated  in  all  reports  of 
such  occurrences  with  which  we  are  familiar.  We  know  of  no  instance 
in  which  this  distance  has  been  reported  as  more  than  a  mile  and  gen- 
erally it  is  stated  at  half  a  mile.  HoAvever,  the  greatest  care  must  be 
exercised  in  drawing  any  conclusions  concerning  the  presence  of  mos- 
quitoes on  board  ships.  In  order  to  be  of  any  value  these  observations 
must  determine,  in  the  first  place,  that  the  ship  was  free  from  mosqui- 
toes when  it  reached  its  anchorage ;  in  the  second  place,  there  must  have 
been  no  communication  by  rowboat  or  tug  with  the  land,  since  the  mos- 
quitoes might  have  been  passively  transported  in  this  way;  in  the  third 
place,  it  would  be  well  to  knoAv  that  the  mosquitoes  infesting  the  ship 
abound  on  the  land  from  which  they  were  supposed  to  come.  Eoe  states 
that  he  once  found  several  foreign  species  of  mosquitoes  on  board  a  ship 
at  quarantine  in  New  York  harbor;  indeed,  it  has  been  observed  that 
mosquitoes  may  breed  in  tin  cans  containing  water  and  other  like  recep- 
tacles on  board  ship,  and  they  have  frequently  been  found  breeding  in 
bilge  water  and  in  wooden  barrels.  Ross  says  that  mosquitoes  may  be 
carried  long  distances  in  sailing  ships,  but  that  the  vibration  on  steam- 
ers prevents  their  coming  to  rest  and  leads  to  their  exhaustion.  How- 
ever this  may  be,  the  same  author  goes  on  to  state,  what  every  traveler 
can  verify,  that  on  Avarm  days  many  mosquitoes  may  be  seen  in  railway 
carriages  and  that  they  are  not  easily  dislodged  from  their  resting  places 
even  by  the  jolting  of  a  rough  train.  It  is  a  common  opinion  that  mos- 
quitoes may  be  'carried  long  distances  by  Avinds ;  indeed,  in  studying  the 
location  of  habitations  Avith  reference  to  marshes  CA^en  miles  aAvay,  a 
special  inquiry  is  made  about  the  preA^ailing  Avinds,  for  the  reason  that 
mosquitoes  are  belicA^ed  to  be  brought  by  the  Avind.  Reports  are  easily 
found  in  AAdiich  it  is  stated  that  mosquitoes  are  brought  by  the  wind 
through  distances  of  mauA^  miles.  In  most  of  these,  as  in  cases  of  flock 
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migration,  careful  investigation  shows  that  the  mosquitoes  come  from 
unrecognized  breeding  places  nearby.  Those  who  have  studied  mos- 
quitoes and  their  habits  most  closely  are  strongly  inclined  to  the  belief 
that  mosquitoes  keep  out  of  Avind  so  far  as  possible.  Mosquitoes  are 
disinclined  apparently  to  be  swept  passively  away  by  a  wind,  and  when 
they  are  threatened  they  seek  shelter.  During  the  continuance  of  a 
wind  men  notice  that  they  are  not  pestered  by  mosquitoes  and  conclude 
that  the  wind  has  driven  them  away ;  but  as  soon  as  the  wind  dies  down 
the  mosquitoes  are  as  abundant  and  as  pestiferous  as  ever.  Indeed,  they 
have  not  been  driven  away  by  the  wind,  they  have  simply  gone  to 
local  shelter.  In  his  study  of  malaria  on  the  Island  of  Mauritius,  Ross 
stationed  trained  "moustiquiers"  at  diil^erent  distances  from  Clairfond 
Marsh,  the  chief  breeding-place.  These  men  were  instructed  to  catch  all 
the  anophelines  that  came  within  their  reach.  On  warm,  still  nights 
these  pickets  caught  mosquitoes  half  a  mile  from  the  marsh,  but  on 
windy  nights  they  caught  them  only  in  sheltered  spots — behind  houses, 
hedges,  etc.  It  has  been  suggested  that  the  eggs  and  larvae  of  mosqui- 
toes may  tloat  long  distances  down  rivers  near  the  banks  of  which  they 
have  been  deposited.  This  is  a  possibility  but  not  a  likely  probability. 
Larvae  carried  even  into  a  slowly  running  stream  would  in  all  proba- 
bility be  devoured  by  fish  before  they  had  traversed  many  miles. 

Christophers  formulates  his  conclusions  after  a  study  of  flight  dis- 
tances by  mosquitoes  in  Sierra  Leone,  as  follows : 

''(1)  In  every  case  where  an  abundant  food  supply  existed,  anophelines  traveled 
long-  distances'  (half  a  mile  or  more)  to  reach  it,  and  traversed  an  equal  distance,  if 
necessary,  to  lay  their  eggs.  Where,  however,  a  suitable  breeding-place  lay  near  at 
hand  they  did  not  appear  to  pass  it  over.  (2)  The  maximum  distance  of  flight  of  A. 
rossi  is  not  known  with  certainty,  but  under  conditions  at  Mian  Mir  the  experiment 
showed  that  they  flew  to  and  fro  a  distance  of  more  than  half  a  mile.  (3)  The  breed- 
ing-places of  A.  fuliginosus  were  in  no  case  nearer  than  1,000  yards  from  the  situation 
where  the  adults  were  captured.  (4)  In  the  later  part  of  the  season  it  was  difficult  to 
understand  where  adult  A.  culicifacies  came  from  unless  distances  of  half  a  mile  or 
more  were  traversed  by  this  species. ' ' 

It  seems  safe  to  state  that,  as  a  rule  at  least,  mosquitoes  do  not  pro- 
ceed by  direct  flight  more  than  two  miles.  .  They  may  be  found  at  greater 
distances  from  the  places  where  they  breed,  but  in  most  instances  they 
have  reached  these  distances  by  successive  short  flights,  or  by  passive 
carriage. 

Ross  has  gone  more  fully  than  any  one  else  into  a  studj^  of  the  length 
of  flights  by  mosquitoes.  He  says  that  some  mosquitoes,  notably  the 
stegomyia,  may  successfully  fly  against  a  breeze  of  five  miles  per  hour, 
and  he  roughly  estimates  the  velocity  of  their  flight  at  about  eight  miles 
an  hour.  At  this  rate,  if  a  mosquito  was  to  fly  continuously  in  the  same 
direction  from  its  breeding-place,  it  might  traverse  a  hundred  miles  or 
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more  during  its  life.  It  is  not  so  much  a  question  of  what  is  tlieir  power 
of  flight  or  how  far  they  can  fly,  but  of  how  far  they  actually  do  fly 
on  the  average.  Ross  discusses  the  random  scatter  of  animals  from  a 
given  point  as  follows: 

' '  Suppose  that  an  animal  is  liberated  at  a  given  point — for  instance  a  mosquito  from 
a  box — and  suppose  that  it  can  find  its  food  equally  well  anywhere  in  the  surrounding 
country,  and  is  not  driven  towards  any  particular  spot,  or  driven  anywhere  by  wind  or 
other  things;  what  are  its  movements  likely  to  be?  "We  can  imagine  that  it  may  just 
possiMy  continue  always  to  move  in  the  same  direction,  so  that  when  it  dies  it  will  be 
found  at  the  greatest  possible  distance  from  the  point  where  it  was  liberated.  Or  it 
may  move  for  half  its  life  in  one  direction,  and  for  the  other  half  of  its  life  back 
again — so  that  it  will  die  actually  at  the  point  where  it  started.  But  both  these  courses 
will  scarcely  ever  be  adopted.  In  the  vast  majority  of  cases,  the  animal  will  move  for 
a  short  distance,  first  in  one  direction,  then  at  an  angle  in  another  direction,  then 
again  at  another  angle,  and  so  on  until  it  dies.  Its  movements  will  resemble  those  of  a 
grain  of  dust  placed  on  a  level  plate  in  a  jolting  railway  carriage;  or  the  random 
walk  of  an  intoxicated  person  in  a  mist;  or  that  of  a  cow  grazing  on  a  uniformly 
succulent  meadow.  What  are  the  chances  that  when  the  animal  dies  or  ceases  to 
move  it  wiU  be  found  at  a  given  distance  from  the  starting  point?  Obviously,  it  will 
most  probably  be  found  somewhere  near  the  staiiing  point.  There  is  no  reason  why 
it  should  move  more  in  one  direction  than  in  another.  The  chances  are  equal  that,  at 
any  change  which  it  makes  in  the  direction  of  movement,  it  will  next  move  north,  south, 
east,  or  west.  Hence  its  various  movements  will  always  tend  in  the  long  run  to  annul 
each  other — so  that  it  will  tend  to  finish  near  where  it  began.  But  there  is  no  certainty 
that  its  various  movements  will  annul  each  other  exactly ;  hence,  most  probably,  it  wiU 
not  be  found  exactly  at  the  starting  point,  but  only  somewhere  near  it.  *  *  *  Sup- 
pose that  a  million  anophelines  are  liberated  from  a  single  breeding-pool  in  the  midst 
of  a  country  where  they  can  obtain  food  equally  well  at  any  point,  and  suppose  that 
we  know  their  average  rate  of  movement  and  length  of  life:  how  many  of  them  will  be 
found  at  a  given  moment  at  a  given  distance  from  the  pool?  Most  of  them  will  be 
found,  not  exactly  at  the  breeding-pool,  but  close  to  it.  A  few  will  be  found  farther 
away,  and  a  very  few  at  the  extreme  limit  of  possible  flight. ' ' 

At  the  request  of  Ross  the  "law  of  random  scatter"  has  been  worked 
out  mathematically  by  Pearson  and  Blakeman.  From  these  calculations 
Ross  draws  the  following  conclusions:  (a)  Unless  mosquitoes  are  drawn 
or  driven  in  any  particular  direction  or  directions,  their  number  will 
tend  to  be  greatest  somewhere  near  the  breeding-pool,  and  to  diminish 
progressively  at  greater  distances  from  it.  (b)  Per  contra,  if  the  mos- 
quitoes are  very  numerous,  then,  ceteris  paribus,  the  breeding-pool  is 
likely  to  be  near  at  hand. 

Ross  himself  is  well  aware  of  the  fact  that  the  ''law  of  random  scat- 
ter" is  subject  to  many  variations.  In  the  flrst  place,  the  food  round- 
about is  not  equally  distributed  and  there  are  food  attractions  in  cer- 
tain directions.  In  the  second  place,  there  are  many,  or  are  likely 
to  be  many,  breeding-pools  and  among  these  there  is  opportunity  for  the 
insect  showing  some  discrimination  in  the  selection  of  the  place  where 
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she  deposits  lier  eggs.     Lastly,  there  is  tlie  possibility  of  the  "law  of 
random  scatter"  being  put  out  of  gear  by  passive  transportation. 

The  question  of  distance  of  flight  in  mosquitoes  is  one  of  the  most 
important  factors  in  the  control  and  eradication  of  malaria.  No  abso- 
lute rules,  no  exact  mathematical  data,  no  universally  applicable  direc- 
tions, can  be  made  or  given.  Local  conditions  must  be  thoroughly  stud- 
ied. It  might  be  profitable,  however,  to  theoretically  consider  some  of 
these  points.  Suppose  that  there  is  only  one  breeding-place  in  the 
neighborhood  and  this  cannot  be  drained,  how  far  away  can  a  man  live 
and  be  free  from  the  possibilitj^  of  infection  through  mosquitoes  without 
taking  any  special  precautions?  Li  a  rough  way  we  may  say  that  a 
mile  is  sufficient  (some  would  double  this),  but  in  the  course  of  this 
mile  there  may  be  a  dozen  or  more  houses  in  which  there  are  cases  of 
malaria  and  in  which  the  mosquito  on  its  way  to  our  house  may  not  only 
rest,  but  maj^  feed  upon  malarial  blood.  Moreover,  the  plant  life  and 
the  animal  life  between  the  marsh  and  our  house  may  be  factors  involved 
in  the  problem.  Mosquitoes  need  not  fly  through  this  distance  of  one 
mile,  but  they  ma}^  be  carried  a  part  or  all  of  the  way  on  some  domestic 
animal.  We  are  compelled  to  the  conclusion  that  under  the  supposed 
conditions  it  still  will  be  necessary  to  screen  our  house  and  possibly  take 
other  precautions.  However,  while  our  house  is  likely  to  be  troubled 
by  an  occasional  mosquito,  the  chance  of  being  infected  with  malaria  in 
our  house  is  small.  We  are  inclined  to  the  opinion  that  this  chance 
will  be  smaller  the  larger  the  number  of  dwellers  between  the  breeding- 
place  and  our  house.  The  female  mosquito  in  her  search  for  a  meal  of 
human  blood  is  driven  by  the  strongest  impulses  that  actuate  all  living 
animals,  including  man  and  mosquito.  In  the  first  place,  the  female 
mosquito  in  her  search  for  human  blood  is  urged  on  by  hunger,  the  de- 
sire to  feed  herself.  But  the  great  factor  in  directing-  and  continuing 
her  search  for  blood  is  even  stronger  than  that  of  hunger,  it  is  the  mater- 
nal instinct,  the  unconscious  desire  to  perpetuate  her  kind.  Having 
gorged  herself  with  blood,  whether  it  be  malarial  or  nonmalarial  in  con- 
tent, the  next  impulse  of  the  female  is  to  deposit  her  eggs  in  the  most 
suitable  place  within  her  reach;  therefore,  she  returns  to  the  breeding- 
place  and  performs  this  life  fimction.  If  it  should  happen  that  a  mos- 
. quito  on  its  way  to  our  house,  under  the  supposed  conditions,  does  feed 
upon  a  malarial  person  she  will  not  be  able  to  transmit  the  disease  to 
the  next  person  she  bites,  provided  she  was  not  already  infected,  until 
after  a  lapse  of  10  or  12  days.  It  is  a  matter  of  common  observation, 
and  one  which  is  so  self-evident  that  it  needs  no  explanation,  that  in 
cities  and  villages  located  in  highly  malarious  countries  the  safest  place 
to  avoid  infection  is  at  or  near  the  center  of  the  city  or  village,  pro- 
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videcl  that  breeding-places  do  not  exist  within  the  limits  of  the  city  or 
village. 

Following  Eoss  again,  but  modifying  to  some  extent  his  suppositions 
and  like^vise  modifying  his  arguments,  we  shall  suppose  a  highly  mala- 
rious plain  with  breeding-places  of  like  attractiveness  quite  uniformly 
distributed  over  it.  In  a  theoretical  discussion,  the  size  of  this  plain 
may  vary  within  wide  limits.  Suppose  that  we  build  in  the  center  of  this 
plain  a  village,  and  in  our  theoretical  discussion  this  also  may  be  small 
or  large.  It  must  be  provided  that  in  the  building  of  this  village  we 
obliterate  all  breeding-places  covered  by  it;  in  other  words,  the  village 
constitutes  a  sterilized  area  in  a  malarious  plain  over  which  the  breed- 
ing-places were  originally  uniformly  distributed.  It  must  be  evident 
that  in  this  suppositious  ease  we  would  reduce  the  number  of  mosqui- 
toes bred  in  the  whole  plain  in  increasing  proportion  as  the  size  of  the 
sterilized  area  approached  that  of  the  whole  plain.  If  originally  the 
entire  plain  produced  monthl}^  100  billion  mosquitoes  and  the  sterilized 
area  produced  by  the  building  of  the  village  occupied  one-tenth  of  the 
plain,  then  the  number  of  mosquitoes  produced  monthly  on  the  whole 
plain  would  be  90  billion.  There  would  be  left  now  90  billion  mos- 
quitoes to  infest  the  territory  which  had  previously  been  infested  by 
100  billion.  Moreover,  under  the  changed  conditions  all  the  mosquitoes 
are  now  bred  outside  the  sterilized  area.  "We  think  there  is  no  need  of 
a  mathematical  formula  to  demonstrate  that  the  point  of  greatest  safety 
from  mosquito  bites  would  be  at  or  near  the  center  of  the  sterilized 
area.    As  Ross  says: 

"The  larger  the  sterile  patch  the  smaller  will  be  the  mosquito  density  due  to  immi- 
gration into  it  from  outside." 

Of  course,  this  reasoning  will  not  hold  if  breeding-places  are  allowed 
to  continue  within  the  village.  Actually  this  not  only  happens  some- 
times, but  the  number  of  breeding-places  in  the  area  covered  by  the 
village  is  increased  by  tin  cans,  tubs,  watering  pots,  mud  holes,  and 
other,  artificial  breeding-places. 

Resting-  Position  of  Anopheles. — On  this  point,  Howard  makes  the 
following  statement : 

"Much  has  been  said  concerning  the  resting  j)ositiou  of  anopheles  as  compared  with 
that  of  other  mosquitoes.  It  has  been  held  that  anopheles  always  sits  -ndth  its  body- 
axis  at  a  considerable  angle  to  the  surface  iipon  which  it  rests.  This,  however,  cannot 
be  relied  upon  for  identification.  When  anopheles  rests  ui)on  the  surface,  such  as  the 
wall  of  a  room,  the  body  is  frequently  held  at  only  a  comparatively  small  angle  to  the 
surface;  in  fact,  it  is  sometimes  held  parallel  but  more  often  at  a  considerable  angle. 
The  angle  at  which  the  body  is  held  differs  with  the  species  and  is  characteristic  for  it. 
The  hind  legs  are  frequently  in  motion,  but  as  a  rule  hang  down  with  more  or  less  of  a 
bend  at  the  knee  joint.     In  whatever  position  anopheles  rests,  the  beak  and  the  rest  of 
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the  body  are  practically  in  the  same  plane,  whereas  with  other  mosquitoes  the  beak  and 
the  abdomen  are  by  no  means  in  the  same  plane. ' ' 

Craig  gives  the  folloAving  testimony: 

' '  The  resting  position  of  adult  anoplielines  and  the  position  assumed  when  biting, 
the  two  being  practically  identical,  offers  one  of  the  easiest  and  most  valuable  methods 
of  diffeTentiating  between  them  and  other  mosquitoes.  When  resting  upon  a  flat 
surface,  as  a  wall,  the  mosquitoes  belonging  to  the  anophelinae,  with  few  exceptions, 
form  a  distinct  angle  with  the  surface,  the  insect  resting  upon  the  first  two  pairs  of 
legs,  the  last  pair  floating  in  the  air  or  held  out  straight  behind  it.  The  angle  formed 
by  the  body  of  the  mosquito  and  the  surface  varies,  but  sometimes  is  nearly  a  right 
angle.  The  only  exceptions  to  this  rule  among  the  anophelinae  commonly  observed  are 
A.  culicifacies,  A.  superpietus,  and  A.  hispaniola,  which  assume  a  perpendicular  position 
in  reference  to  the  wall.  The  position  assumed  by  other  mosquitoes,  as  culex,  stegomyia, 
etc.,  is  well  described  as  'humpbacked,'  the  abdomen  approaching  the  Testing  surface 
while  the  thorax  is  distinctly  higher  than  any  other  portion  of  the  body,  thus  giving 
the  humped  appearance.  Whatever  the  p)osition  of  a  mosquito  it  can  always  be  de- 
termined whether  it  is  an  anoi)heline  by  attention  to  the  relative  position  of  the 
proboscis  to  the  body.  In  the  anophelinae  the  proboscis  is  always  in  a  direct  line  with 
the  rest  of  the  body  when  the  insect  is  resting  upon  a  surface,  while  in  all  other  mos- 
quitoes the  proboscis  forms  an  angle  with  the  abdomen.  This  peculiarity  is  easily 
recognized  and  gives  the  anopheline  a  distinctly  business-like  appearance,  the  entire 
body  of  the  insect  resembling  a  boring  instrument. ' ' 

Feeding"  Habits. — As  is  well  known,  tlie  male  anopheles  cannot  pierce 
the  skin  of  man  and  does  not  feed  upon  blood.  He  draws  his  daily 
ration  from  plants  mostly,  though  possibly  he  may  feed  to  some  extent 
upon  other  insects  and  upon  dumb  animals ;  but  so  far  as  observations 
go  the  evidence  points  to  the  probability  that  he  is  a  strict  vegetarian. 
On  the  other  hand,  the  females  of  certain  species  of  anopheles,  those 
which  serve  as  malaria  carriers,  apparently  depend  upon  man  for  their 
food.  According  to  Jennings,  A.  eiseni  is  abundant  in  the  jungles  of 
Panama  which  are  seldom  or  never  visited  by  man.  This  species  does 
not  transmit  malaria.  On  the  other  hand,  A.  albimanus,  which  is  the 
chief  malarial  distributor  in  the  American  Tropics,  is  found  only  in 
localities  inhabiied  by  man.  It  is  reasonable  to  infer  that  mosquitoes 
which  do  not  feed  upon  man  procure  their  blood  from  animals.  Schiiffner 
found  in  Sumatra  one  species  of  anopheles  that  could  not  be  induced  to 
feed  upon  man,  while  in  the  same  localities  or  nearby  places  he  found 
another  sj)ecies  most  greedy  for  human  blood.  He  found  that  when 
numbers  of  the  latter  species  were  captured,  placed  in  a  cage  and  al- 
lowed to  starve  for  a  while,  they  seized  upon  the  human  hand  intro- 
duced into  the  cage,  began  to  sting  immediately,  and  did  not  easily 
permit  themselves  to  be  disturbed.  One  could  touch  or  even  shake 
them  without  inducing  them  to  withdraw  the  proboscis.  He  found  the 
voracity  of  these  mosquitoes  incredible.    He  writes  as  follows: 
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"The  ordinary  culex,  after  it  has  sucked  its  All,  flies  away.  These  anopheles,  how- 
ever, are  not  satisfied  with  this  but  continue  to  suck,  making  more  room  by  discharging 
the  surplus  through  the  anus.  At  first  they  discharge  the  feces  and  intestinal  liquid, 
but  afterwards,  drop  by  drop,  pure  blood  follows.  So,  before  it  chooses  to  fly  away  it 
flushes  its  digestive  tract  with  three  to  four  times  the  amount  of  blood  which  would 
have  been  necessary  to  fill  its  stomach. ' ' 

Grassi  lias  made  a  careful  study  of  the  feeding  habits  of  anopheles  in 
Italy.  He  concludes  that  the  normal  food  of  anopheles  is  blood,  pref- 
erably the  blood  of  mammals,  not  necessarily  the  blood  of  man.  Grassi 's 
observations  led  him  to  conclude  that,  so  far  as  the  Italian  anopheles 
are  concerned,  the  predilection  for  a  particular  mammal  is  determined 
by  the  size  of  the  animal  rather  than  by  the  species.  When  man  and 
horse  are  simultaneousl}'^  exposed  the  horse  is  bitten  many  times  before 
the  mosquitoes  fasten  on  the  man;  indeed,  horses  are  said  to  attract 
mosquitoes.  Upon  this  animal  they  will  locate  themselves  more  numer- 
ously and  in  these  positions  are  easily  captured.  On  the  other  hand, 
if  the  mosquito  has  a  choice  between  man  and  dog  or  man  and  rabbit 
it  prefers  man.  The  Italian  anopheles  comes  on  to  porches  and  into 
houses  in  the-  early  evening  twilight,  and  having  gorged  itself  with 
blood,  seeks  a  hiding  place  where  it  can  enjoy  its  siesta  and  digest  its 
food.  During  the  daytime  it  remains  quiescent,  generally  finding  a 
resting  place  on  the  underside  of  leaves  and  selecting  spots  where  it 
is  best  protected  from  sun,  wind,  and  rain.  Naturally,  it  does  not  go 
far  from  its  feeding  place  and  when  hungry  returns  to  the  same  locality. 
At  least  in  some  countries,  and  this  seems  to  be  true  of  widely  separated 
localities,  anopheles  are  particularly  fond  of  stables.  This  predilection 
for  stables  has  been  observed  and  remarked  upon  by  Grassi  in  Italy,  by 
Kinoshita  in  Japan,  and  by  Miihlens  in  northern  Germany.  The  last- 
mentioned  observer,  reporting  on  his  observations  in  the  vicinity  of 
Wilhelmshaven,  found  large  numbers  of  anopheles  in  the  warm  stables 
occupied  by  cattle  and  hogs.  The  stomach  contents  of  these  insects 
were  tested  by  the  specific  agglutination  method  and  found  to  contain 
the  blood  of  cattle  or  hogs  according  to  the  animal  with  which  the  in- 
dividuals examined  were  found  to  be  associated.  Grassi  thinks  that 
anopheles  are  attracted  to  stables  by  the  size  and  number  of  animals 
and  by  the  warm  temperature.     Anopheles  often  hibernate  in  stables. 

Anopheles  are  ready  to  suck  blood  within  from  24  to  48  hours  after 
emerging  from  the  pupa.  This  is  true  in  tropical  countries,  but  in 
cooler  regions  a  longer  time  is  required  before  the  young  mosquito 
acquires  strength  enough  to  develop  its  predatory  habits.  Grassi  found 
that  the  Italian  anopheles  will  feed  daily,  even  when  they  have  not  fully 
digested  the  last  meal.  Neiva,  studying  the  Brazilian  species,  finds  that 
the  biting  activity  of  anopheles  is  influenced  markedly  by  weather  con- 
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ditions.  He  notes  that  when  rain  is  threatened,  anopheles  become  very 
numerous  and  blood  thirsty.  This  observation  will  find  ready  accept- 
ance by  all  who  have  lived  in  mosquito,  ridden  countries.  According 
to  our  own  observation  on  this  point,  the  mosquito  manifests  its  great- 
est activity  in  the  calm  that  precedes  the  storm.  We  have  been  inclined 
to  attribute  this  well-known  fact  to  several  factors.  In  the  first  place, 
there  is  increasing  darkness;  in  the  second  place,  elevation  of  tempera- 
ture ;  and  in  the  third  place,  the  air  is  at  rest.  All  these  conditions  favor 
the  activity  of  this  pestiferous  insect. 

According  to  Grassi,  the  female  anopheles  will  join  her  mate  in  suck- 
ing the  juices  of  fruits  and  plants  when  she  cannot  obtain  blood.  One 
is  inclined  to  the  suspicion  that  the  voracity  of  the  female  for  blood 
is  in  some  way  connected  with  her  fecundity;  although  Craig  states 
that  a  meal  of  blood  is  not  essential  to  either  the  laying  or  the  develop- 
ment of  the  eggs. 

Hibernation. — According  to  Giles,  there  are  many  localities  in  India 
in  which  anopheles  may  be  found  in  all  stages  every  month  in  the  year, 
decreasing  in  numbers  in  the  hot  season  and  increasing  during  the 
rains.  In  tropical  countries  the  activity  of  the  mosquito  is  influenced 
largely  by  conditions  of  moisture,  and  it  is  during  the  dry  season  that 
thig  insect  is  least  in  evidence.  In  colder  regions  the  species  is  kept 
in  existence  during  the  winter  solely  by  the  fecundated  -female.  Ac- 
cording to  Smith,  in  New  Jersey  the  female  begins  to  seek  winter 
quarters  in  September.  Preparatory  to  her  long-continued  fast  she  stores 
in  her  abdomen  a  mass  of  fat  and  upon  this  she  sustains  her  feebly 
exercised  life  functions  during  the  winter.  She  retires  to  some  cellar 
or  attic ;  or  attaches  herself  to  the  underside  of  a  shelf  in  the  pantry, 
where  Hodge  found  mosquitoes  in  Worchester,  Mass.,  literalh^  by  the 
thousands.  Resting  in  such  secluded  places  the  fat  stored  in  her  abdo- 
men is  sufficient  to  supply  her  scanty  wants,  and  when  spring  or  summer 
comes  she  is  ready  to  deposit  her  eggs  in  the  most  suitable  nearby 
breeding-place  that  she  can  find.  Even  in  the  northern  United  States, 
the  high  temperatures  reached  in  many  dwellings  during  the  Avinter 
time  leads  to  unusual  activity  on  the  part  of  the  hidden  guest.  She 
comes  from  her  hiding  place,  becomes  active,  and  has  been  known  to 
bite  even  in  midwinter.  It  is  evident  from  this  that  the  behavior  of  the 
mosquito  during  hibernation  is  controlled  largely  by  temperature  and 
moisture.  Attention  has  been  called  to  the  desirability  of  the  fumiga- 
tion of  cellars,  closets,  and  stables  during  the  winter  in  malarious 
countries. 

Domesticity. — Culex  pipiens  and  Stegomyia  calopus  are  known  as 
domestic  mosquitoes.  They  breed  in  and  about  houses  and  apparently 
they  prefer  to  remain  in  the  localities  where  they  breed  or  thereabouts. 
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The  malaria  bearing  aiioplieles  are  generally  regarded  as  semi-domestic 
species,  while  those  which  do  not  transmit  malaria  are  classed  as  wild 
species.  On  this  point  we  make  the  following  quotation  from  James  and 
Listen,  concerning  the  domesticity  of  several  species  of  anopheles  in 
India: 

"It  is  a  well-reeogrdzed  fact  that  some  species  of  anopheles  are  more  commonly 
found  near  villages  and  dwellings  than  others.  We  may,  in  fact,  divide  these  insects 
broadly  into  two  classes;  the  domestic  species,  which  are  usually  found  near  human 
dwellings,  and  the  wild  species,  which  are  rarely  found  in  houses.  Of  the  first  class, 
A.  rossi  is  a  typical  example,  and  of  the  second,  A.  barbirostris.  Some  species  would 
appear,  as  regards  this  habit,  to  occupy  a  place  intermediate  between  the  typically  do- 
mestic and  the  typically  wild  species.  A.  fuliginosus,  for  example,  may,  in  certain  parts 
of  India,  be  found  in  enormous  numbers  in  the  sheds  and  outhouses  on  the  outskirts 
of  a  village,  while  in  other  parts,  though  large  numbers  may  be  caught  in  tents  pitched 
at  some  distance  from  a  village,  few  or  none  will  be  found  in  the  houses  of  the  village 
itself.  It  is  usual  to  say  that  the  greater  the  number  of  anopheles  there  are  in  a  place, 
the  greater  will  be  the  prevalence  of  malaria.  This  is  not  by  any  means  borne  out  by 
experience.  We  have  already  mentioned  that  some  species  of  anopheles  are  better 
malaria  carriers  than  others,  and  apart  altogether  from  the  fact  that  anopheles  may  be 
abundant  in  a  place  without  there  being  any  malaria  there  at  all,  it  often  happens 
that  the  species  which  is  present  most  abundantly  is  not  the  one  wMch  is  carrying 
malaria  at  the  time.  It  is,  however,  a  difficult  matter  to  estimate  the  relation  between 
abundance  of  different  species  in  any  place,  for  some  are  much  more  easily  seen  than 
others,  aaid  the  habits  which  some  sjDecies  have  of  secreting  themselves  among  the  straw 
of  a  thatched  roof  and  of  resting  only  on  objects  which  are  as  nearly  as  possible  the 
same  color  as  they  are  themselves,  are  very  important.  In  order  to  exemplify  this,  it 
seems  worth  while  to  recall  an  instance  wMch  happened  in  our  experience.  In  the 
malarious  village  of  Ennur  in  the  Madras  Presidency,  A.  rossi  was  so  abundant  that  on 
almost  every  straw  of  the  thatched  roof  of  every  house  three  or  four  specimens  of  this 
species  were  resting.  A  careful  search  in  the  ordinary  way  did  not  reveal  the  presence 
.  of  any  other  species,  and  it  is  certain  that  had  there  been  no  other  object  in  the  search 
than  the  mere  determination  of  the  species  of  anopheles  present  in  the  village,  the  ob- 
server would  have  gone  away  quite  satisfied  that  A.  rossi  was  alone  present.  But  the 
village  was  an  extremely  malarious  one,  and  knowing  that  A.  rossi  are  inefficient  carriers 
of  malaria  in  nature,  he  was  unwilling  to  believe  that  no  other  species  was  present  in 
the  house.  Fixing  his  mind,  therefore,  upon  the  thought  that  he  was  looking  for  A. 
culicifacies  and  not  for  A.  rossi,  he  again  commenced  the  search  with  great  care  and 
was  rewarded  not  only  by  detecting  the  presence  of  A.  culicifacies,  but  by  catching  a 
sufficient  number  of  this  species  during  several  days'  work,  to  prove  that  it  was  the 
species  responsible  for  the  presence  of  malaria  in  the  place,  and  not  the  very  much 
more  abundant  species  A.  rossi. ' ' 

Color  Attraction. — It  is  well  known  to  all  who  have  visited  mosquito 
infected  countries  that  the  mosquito  prefers  dark  to  light  colors  and 
that  individuals  dressed  in  black  are  more  readily  and  repeatedly  at- 
tacked than  those  who  dress  in  white.  Austen  states  that  if  the  walls 
of  a  room  be  whitewashed,  vdth  a  dark  dado,  insects  lighting  on  the 
walls  will  always  be  found  on  the  dark  strips.  As  we  shall  see  later, 
this  has  been  used  in  reducing  the  number  of  mosquitoes  and  in  eradi- 
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eating  malaria.  According  to  Buchanan,  the  natives  of  India  recognize 
the  preference  of  mosquitoes  for  blaclv  and  they  hang  a  black  coat  in 
the  room  or  in  a  hospital  ward  when  they  desire  to  catch  anopheles. 
Joly,  making  his  observations  in  Madagascar  but  without  stating  the 
kind  of  mosquitoes  he  was  dealing  with,  says  that  it  is  well  known  that 
these  insects  prefer  a  red  or  black  soil  to  one  of  white  sand,  and,  more- 
over, that  persons  wearing  black  shoes  and  socks  are  more  frequently 
bitten  than  when  these  articles  are  white.  According  to  the  same 
authority,  brown  affords  less  protection  than  white  or  black.  This 
authority  states  that  the  natives  of  Madagascar  well  know  the  attrac- 
tion of  black  to  mosquitoes  and  for  this  reason  they  hang  an  article  of 
black  cloth  on  the  rafters  in  order  to  protect  the  inmates.  The  native 
blacks  are  bitten  more  frequently  than  the  whites,  and  this  color  at- 
traction seems  to  hold  good  for  the  lower  animals  as  well.  Nuttall  and 
Shipley  made  experiments  in  color  attraction  using  A.  maculipennis. 
They  placed  in  a  large  gauze  tent  boxes  of  different  colors.  In  the  same 
tent  was  a  basin  in  which  the  anopheles  were  bred.  •  Their  report  is  as 
follows: 

"It  was  noticed  at  tlie  beginning  that  when  one  entered  the  tent  in  dark  grey  clothes 
that  the  images  frequently  flew  up  and  settled  on  the  dark  cloth,  but  that  they  never 
did  this  when  the  person  entering  the  tent  was  clothed  in  white  flannels.  To  test  the 
influence  of  color,  a  number  of  paste  board  boxes  were  taken  which  measured  20  by  16 
cm.  and  had  a  depth  of  10  cm.  The  boxes  were  lined  with  cloth,  having  a  slightly 
roughened  surface  to  which  the  insects  could  comfortably  cling.  All  of  the  fabrics  had 
a  dull — not  shiny — surface,  and  each  box  was  lined  with  cloth  of  different  color.  The 
boxes  were  placed  in  rows  upon  the  floor  and  upon  each  other  in  tiers,  the  order  being- 
changed  each  day  after  the  observations  had  been  made.     The  interior  of  the  boxes 

Table  XXVni 


COLOR  OF  BOX 


NUMBER  OF  A.  MACULIPENNIS 
COUNTED   IN   EACH   BOS   DUR- 
ING  17   DAYS 


Navy  blue 

Dark  red 

Brown  (reddish) 

Scarlet 

Black 

Slate  grey 

Dark  green   (olive) 

Violet 

Leaf  green 

Blue 

Pearl  grey 

Pale  green 

Light  blue  (forget-me-not) 

Ochre 

White 

Orange 

Yellow 


108 

90 

81 

59 

49 

31 

24 

18 

17 

14 

9 

4 

3 

2 

2 

1 

0 

512" 
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was  moderately  illuminated  by  light  reflected  from  the  surface  of  the  white  teut.  On 
17  days  during  a  month  beginning  with  the  middle  of  June,  we  counted  the  number  of 
flies  which  had  accumulated  in  the  boxes.  Counts  were  actually  made  on  17  sunny  and 
cloudy  days,  with  the  results  shown  in  Table  XXVIII. 

''We  see  from  Table  XXVIII  that  dark  blue  was  most  attractive,  the  other  colors 
being  less  and  less  attractive  in  the  order  of  number  given.  A  marked  fall  in  the 
number  of  insects  resting  in  the  boxes  begins  with  the  pearl  grey  box.  Pale  green, 
light  blue,  ochre,  orange,  and  yellow,  especially  the  last  two  colors,  seemed  to  repel  the 
insects.  The  khaki-colored  uniform  now  so  generally  used  should  offer  advantages  be- 
sides invisibility  to  human  foes." 

Jordan  and  Hefferan  made  similar  experiments  with  the  results  shown 
in  Table  XXIX. 

Table  XXIX 

COLOR  NUMBER  OF  MOSQUITOES 

Dark  red  61 

Dark  blue  57 

Black  41 

Dark  pink  8 

Dark  green  (3 

Lavender                       .  5 

Purple  5 

White  4 

Light  blue  2 

Pale  green  2 

Light  pink  1 

Yellow  0 

Breeding'-Places. — It  was  once  thought  that  anopheles  breed  only  in 
still  fresh  water,  but  further  observation  has  shown  that  this  conclusion 
is  not  altogether  warranted  and  that  certain  exceptions  and  modifica- 
tions must  be  made  for  different  species  of  anopheles.  Again,  it  was  once 
supposed  that  anopheles  do  not  breed  in  barrels,  tin  cans,  and  small 
puddles  around  houses  and  barns.  It  is  true  that  the  culex  breeds  more 
abundantly  in  such  places,  but  the  larva  of  the  anopheles  was  some- 
times found  mixed  in  such  receptacles  with  that  of  culex.  Both  the 
culex  and  the  anopheles  may  be  found  breeding  in  roadside  puddles  and 
ditches,  in  water-logged  boats,  in  stone  troughs,  in  small  accumulations 
of  water  between  rows  of  corn,  etc.  In  Sierra  Leone,  Austen  states  that 
anopheles  larvae  mixed  with  those  of  culex  were  found  in  a  tub  of  water  in 
the  yard  of  the  sanitary  office.  Anopheles  are  often  found  in  dirty  water 
and  in  that  covered  with  green  scum.  In  Italy,  according  to  Grassi,  they 
are  most  frequently  found  in  clear  water  rich  in  vegetable  food.  In  Free- 
town, Austen  found  anopheles  larvae  in  stagnant  puddles  along  the  street. 
It  seemed  to  make  no  difference  whether  the  water  was  clear  or  turbid, 
whether  green  algae  were  present  or  not,  and  in  some  of  these  puddles 
tadpoles  were  numerous.    In  New  Orleans,  Yeazie  found  anopheles  larvae 
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in  the  ponds  and  swamps  just  outside  tlie  city.  In  the  Havana  cam- 
paign, Gorgas  did  his  most  effective  work  along  small  streams  which 
irrigated  gardens  and  similar  places.  In  some  cases  anopheles  seem  to 
have  a  special  preference  for  pools  and  puddles  well  protected  ^vith 
grass.  Smith,  in  New  Jersey,  says  that  anopheles  breed  every^vhere. 
He  found  their  larvae  in  pails  in  his  backyard,  and  states  that  he  found 
no  pool  so  insignificant  and  no  stream  so  rapid  but  that  somewhere 
in  it  anopheles  can  breed.    He  says : 

''Small  creeks  tlirougli  meadow  land,  the  ditelies  and  gutters  or  drains  along  rail- 
road and  other  embankments,  and  the  shallow  overgroAvn  edges  of  ponds  or  swamp 
areas  are  favorite  breeding-places.  Pools  containing  grassy  or  other  vegetation  are 
nearly  always  infested,  and  ponds  with  lily  pads,  dock,  saggittaria  and  other  plants 
of  a  similar  character,  are  danger  points.  The  larvae  need  only  a  mere  film  of  water, 
and  this  being  found  over  a  leaf  or  at  a  grassy  edge,  protects  them  from  the  usual 
natural  enemies.  *  *  *  No  other  mosquito  has  as  wide  a.  range  of  breeding-places 
as  have  the  species  of  anopheles." 

James  and  Liston,  studying  anopheles  in  India,  state  that  in  the 
search  for  these  insects  every  collection  of  water  should  be  examined. 
These  observers  believe,  and  in  this  they  are  confirmed  by  many  others, 
that  each  species  has  its  favorite  breeding-ground.  In  Central  America 
and  in  Brazil  anopheles  often  breed  in  water  collected  in  tree  holes. 
These  may  be  far  from  human  habitation.  Some  species  have  been 
found  in  tree  holes  many  feet  above  the  ground.  In  the  tropics  the 
small  accumulations  of  rain  water  that  appear  at  the  bases  of  the  leaves 
of  certain  j)lants  furnish  adequate  breeding-places  for  the  anopheles 
of  that  region.  In  Brazil,  some  of  these  plants  are  parasitic  and  grow 
upon  forest  trees  30  feet  above  the  ground.  In  these  Lutz  found  the 
larvae  of  A.  cruzii.  According  to  this  author,  this  species  is  a  typically 
forest  insect,  and  he  thinks  it  responsible  for  some  outbreaks  of  malaria 
which  have  occurred  in  Brazil  among  those  engaged  in  railroad  con- 
struction. Studying  the  breeding-places  in  Avestern  Michigan,  Jordan 
and  Hefferan  came  to  the  conclusion  that  A.  maculipennis  and  A.  punc- 
tipennis  select  different  breeding-places.  The  former  were  not  found 
in  spring-fed  pools,  while  the  latter  seemed  to  prefer  these  places.  On 
the  other  hand,  A.  maculipennis  were  found  frequently  in  the  river, 
while  A.  punctip.ennis  were  seldom  found  in  the  stream.     Craig  says : 

''In  the  Philippines  a  favorite  breeding-place  of  anopheles  was  the  cavity  left 
after  cutting  off  bamboo  poles  near  a  joint.  In  the  latter  part  of  the  rainy  season  I 
have  found  larvae  in  nearly  every  bamboo  pole  examined,  and  at  Gamp  Stotsenburg, 
where  temporary  quarters  for  a  large  number  of  troops  were  built  of  this  material, 
anopheles  became  a  veritable  scourge  and  malaria  increased  to  such  an  extent  that  it 
was  found  necessary  to  remove  the  larger  part  of  a  brigade  which  had  been  stationed 
there.  Among  the  breeding-places  of  anopheles  which  are  most  likely  to  be  over- 
looked may  be  mentioned  the  small  depressions  in  the  ground  produced  by  the  hoofs 
of  animals  or  the  inequalities  left  in  plowed  lands. ' ' 
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According'  to  Smitli,  anopheles  breed  in  tlie  brackish  marshes  in  New 
Jersey.  Yogel,  studying  anopheles  in  Java  and  other  parts  of  the  East 
Indies,  comes  to  the  following  conclusion: 

"(1)  There  are  species  of  anopheles  which  can  live  very  well  in  sea  water.  (2) 
These  mosquitoes  lay  eggs  which  develop  even  in  sea  water  which  has  been  evaporated 
to  half  its  original  quantity.  (3)  These  larvae  in  the  gradually  evaporating  pools 
of  water  "can  stand  evaporation  of  the  water  to  one-third  its  bulk,  but  do  not  appear 
to  transform  to  adults  if  the  concentration  be  greater  than  this.  (4)  The  larvae 
coming  from  eggs  laid  in  sea  water  of  high  concentration  can  accomplish  their  entire 
metamorphoses  in  almost  normal  time.  This  is  true  even  when  the  water  has  such 
concentration  that  the  development  of  larvae  originally  hatching  in  uneoncentrated 
sea  water  would  be  retarded  by  this  salt  water. ' ' 

The  reports  made  by  Vogel  were  for  a  time  questioned,  but  have  re- 
ceived apparent  confirmation  by  Caruthers,  making  observations  on 
the  Andaman  Islands  and  by  Lukis  in  India.  The  former  observed  that 
the  prevalence  of  malaria  in  certain  villages  was  determined  by  their 
proximity  to  the  sea.  Those  near  the  sea  were  invariably  malarious, 
while  those  more  remote  were  healthy.  Even  a  distance  of  half  a  mile 
from  the  sea  was  sufficient  to  insure  freedom  from  this  disease.  The 
evidence  so  far  seems  to  indicate  that,  while  some  species  breed  only  in 
fresh  water,  others  may  breed  in  either  fresh  or  brackish  water,  while 
still  others  breed  only  in  brackish  water.  A.  ludlowi  is  a  malaria  bear- 
ing mosquito  found  in  the  Philippines.  Banks  has  studied  this  mosquito 
and  at  first  came  to  the  conclusion  that  it  was  never  found  breeding 
in  fresh  water,  but  later  and  more  extended  observation  convinced  this 
author  that  A.  ludlowi  ma}^  and  does  breed  quite  indifferently  in  fresh 
and  salt  water. 

Button,  in  Gambia,  made  some  experiments  for  the  purpose  of  deter- 
mining whether  anopheles  may  breed  in  salt  water.  He  took  a  garden 
tub  and  filled  it  with  tide  water.  Four  days  after,  a  batch  of  anopheles 
larvae  was  discovered  in  this  water,  and  these  subsequently  hatched  into 
adult  mosquitoes.  The  species  with  which  Button  worked  Avas  A.  cos- 
talis.  According  to  Howard,  several  species  of  anopheles  have  been 
found  to  breed  in  brackish  water  in  America,  but  none  of  them  exten- 
sively so.  Chapin  found  anopheles  larvae  living  in  brackish  water  on  the 
coast  of  Rhode  Island,  and  we  have  already  called  attention  to  Smith's 
observation  in  New  Jersey.  In  Central  America  A.  albimanus  breeds 
both  in  fresh  water  and  in  that  strongly  brackish.  The  same  is  perhaps 
true  of  other  species  of  anopheles  in  the  same  region. 

The  resistance  of  the  eggs  and  larvae  of  malarial  mosquitoes  on 
desiccation  is  a  matter  of  considerable  importance.  Evidently,  the  eggs 
may  be  deposited  upon  damp  mud  and  when  this  happens  if  water  finds 
access  to  the  place  within  48  hours,  as  the  result  of  a  shower  or  any 
other  cause,  these  eggs  may  hatch  and  the  larvae  develop. 
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Watson,  after  long  experience  in  fighting  malaria  in  the  Federated 
Malay  States,  says: 

"It  has  long  beeu  established  that  mosquitoes,  including  the  anophelines,  exercise 
discrimination  in  the  selection  of  water  in  which  their  larval  stage  is  passed.  Each 
species  prefers  its  OAvn  special  type  or  character  and  quality  of  water  as  a  bi*eeding- 
place.  Some  have  a  wide  range,  others  are  peculiarly  selective.  A.  maculatus  is  one 
of  the  latter.  In  Malaya  it  is  found  exclusively  in  hill  streams,  and  in  the  springs 
which  feed  these.  I  consider  that  the  eggs  are  laid  in,  and  that  the  larvae  prefer, 
the  shallowest  waters;  indeed,  they  are  most  numerous  in  ground  with  so  little  water 
on  it  that,  in  order  to  take  the  larvae,  it  is  often  necessary  to  make  an  excavation 
in  the  earth  into  which  the  water  from  the  surrounding  ground  flows,  carrying  the 
larvae  with  it.  As  these  springs  are  very  common  at  the  head  of  a  ravine,  the  presence 
of  this  mosquito  in  them  probably  accounts  for  the  well-recognized  danger  of  living 
at  the  head  of  a  ravine.  The  old  explanation  for  this  was  that  mists  were  carried 
up  the  ravine,  and  naturally  struck  with  special  force  those  living  at  its  head." 

The  same  author,  describing  his  experience  in  searching  for  mos- 
quitoes in  a  certain  part  of  Malaya,  states: 

' '  But  when  we  came  to  work  out  the  anophelines,  it  was  found  that  different 
species  were  found  in  the  middle  of  the  swamp  from  those  on  the  hills.  Nature 
has,  therefore,  carried  out  a  great  experiment.  There  were  three  groups  of  anophelines : 
One  on  the  hills,  one  in  the  rice  fields  close  to  the  hills,  and  a  third  lot  in  Krian 
far  from  the  hills.  Now,  why  do  these  vary?  Clearly  on  account  of  something  in  the 
water,  and  it  can  easily  be  imagined  that  only  a  small  change  woidd  bring  the  Bukit 
Gantang  water  to  that  of  the  Krian  rice  fields,  and  then  malaria  would  disappear 
from  Bukit  Gantang  too.  I  believe  that  in  this  way  a  great  antimalaria  method  will 
be  evolved,  and  I  can  look  to  the  time  when  we  will  be  able  to  play  with  species  of 
anophelines,  say  to  some  'go,'  and  to  others  'come,'  and  abolish  malaria  with  great 
ease,  perhaps,  at  hardly  any  expense.  Drainage  schemes  may  become  methods  of  the 
past,  and  future  generations  may  smile  to  think  of  how  their  ancestors,  who  thought 
they  were  so  clever,  burned  the  house  to  cook  the  pig. ' ' 

Breeding'. — The  female  mosquito  deposits  her  eggs  on  the  surface 
of  water  or  upon  wet  ground.  The  eggs  are  not  deposited  en  ynasse 
as  is  the  case  with  the  culex.  Each  Qg^  lies  upon  its  side,  is  single,  but 
40  to  100  are  usually  found  floating  close  to  one  another.  The  dis- 
tinguishing mark  of  the  egg  of  the  anopheles  is  the  so-called  "float" 
consisting  of  an  envelope-like  expansion  along  the  middle  of  the  egg. 
Craig  says: 

"These  lateral  floats  are  variously  marked  in  the  eggs  of  different  species  and 
vary  in  size,  but.  are  always  easily  distinguished  and  of  the  greatest  service  in  dif- 
ferentiating the  anopheles  egg  from  that  of  other  mosquitoes.  The  eggs  are  oval 
in  shape  and  hatch,  in  most  species,  in  from  one  to  two  days,  but  this  varies  so 
much  with  external  conditions  and  with  different  species  that  a  general  statement 
is  hardly  justified.  Fi'om  30  to  over  100  eggs  may  be  deposited  by  a  single  female. 
The  eggs  will  remain  alive  in  moist  mud  for  considerable  periods  of  time,  even  as 
long  as  six  days,  but  cannot  resist  complete  drying  for  over  12  hours,  so  far  as  is 
known.     This  fact  is  important,  as  it  indicates  that  drainage  of  pools  or  other  small 
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collections  of  water  will  not  be  efficient  if  the  mud  remains  moist  until  water  again 
gains  access  to  the  pool. ' ' 

The  larvae  of  the  anopheles  are  also  easily  distinguished  from  those 
of  other  mosquitoes.  They  remain  near  the  surface  of  the  water  and 
horizontal  to  the  surface.  As  a  rule,  the  head  protrudes  from  the  sur- 
face. Other  mosquitoes  are  furnished  with  a  respiratory  tube,  the  end 
of  which  lies  even  with  or  slightly  above  the  surface  of  the  water,  while 
the  body  of  the  larva  dips  obliquely  into  the  water.  The  larvae  are 
grey  or  brownish  in  color.  They  undergo  four  meltings  before  reaching 
the  pupal  stage,  and  this  requires  under  average  conditions  from  10  to 
14  days,  although  this  time  may  be  reduced  by  two  or  three  days  and 
may  be  extended  by  as  many  weeks,  depending  upon  environmental 
conditions.  Moreover,  development  varies  somewhat  with  the  species. 
Howard  gives  the  following  description  of  the  larvae  and  their  methods 
of  feeding: 

'^ The  larva's  head  rotates  upon  its  neck  in  a  most  extraordinary  way,  so  that  the 
larva  can  turn  it  completely  around  with  the  utmost  ease;  it  feeds  habitually  with  the 
under  side  of  the  head  towards  ^the  surface  of  the  water,  whereas  the  upper  side  of 
the  body  is  towards  the  surface.  In  this  customary  feeding  position,  the  mouth- 
parts  are  worked  violently;  the  long  fringes  of  the  mouth-parts  cause  a  constant  cur- 
rent towards  the  mouth  and  the  particles  floating  on  the  surface  of  the  water  in  the 
neighborhood  thus  gradually  converge  to  the  mouth-opening  and  enter  the  alimentary 
canal.  The  spores  of  algae,  bits  of  dust,  minute  sticks,  bits  of  cast  larval  skins,  every- 
thing in  fact  which  floats,  follow  this  course,  and,  watching  the  lai-vae  under  the  micro- 
scope, they  can  plainly  be  seen  to  iDass  through  the  head  into  the  thorax  until  they  are 
obscured  by  the  opaque  color  of  the  larva's  back.  This  is  the  common  method  of  feeding 
when  full  grown;  however,  the  larva  will  descend  in  the  shallow  water  and  mouth  over 
the  sUme  of  pebbles  at  the  bottom.  Occasionally  a  fragment,  too  large  to  be  swallowed 
with  ease,  clogs  the  mouth.  Sometimes  it  enters  the  mouth  and  sticks.  In  such 
cases  the  head  of  the  larva  revolves  with  lightning-like  rapidity  until  the  top  of  the 
head  is  upwards  and  the  fragment  is  nearly  always  disgorged,  althougli  sometimes 
it  is  swallowed  with  an  evident  effort.  As  indicated,  the  larva  feeds  upon  everything 
that  floats.  It  is  especially  often  found  in  stagnant  water  on  which  there  is  more 
or  less  of  an  algal  scum;  therefore,  a  very  frequent  food  consists  of  algal  spores,  and 
the  color  of  the  larva  is  influenced  more  or  less  by  the  character  of  the  food,  green 
algae  making  it  green.  Daniels,  in  his  African  investigations  found  that  the  contents 
of  the  intestines  of  the  larvae  are  mainly  vegetable  matter,  in  some  cases  entirely 
so.  'Occasionally  limbs  of  minute  insects  or  crustaceans  are  found,  as  well  as  scales 
of  mosquitoes  or  other  insects.  On  watching  them  feeding,  it  is  seen  that  minute 
particles  are  drawn  to  the  mouth,  but  many  of  them  are  rejected.  This  rejection,  is 
somewhat  arbitrary,  as  a  particle  at  first  rejected  is  often  subsequently  swallowed. 
Amongst  the  bits  seen  to  be  swallowed  I  have  seen  li\ing  minute  crustaceans  and 
young  larvae,  both  of  anopheles  and  culices,  but  as  a  rule,  living  animal  bodies  either 
esca,pe  or  are  rejected.'  Christophers  and  Stephens  state,  in  their  observations  in 
Sierra  Leone,  the  food  of  the  anopheles  larvae  seems  to  be  a  unicellular  org-aniam. 
James  and  Liston  state  that  the  food  of  anopheles  larvae  consists  chiefly  of  minute 
water  animals  which  abound  among  algae  and  other  water  plants.  They  believe  that 
the  larvae  cannot  subsist  upon  vegetable  diet  alone  and  that  the  duration  of  the  larval 
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stage   depends  chiefly   upon   the   supjjly   of  animal  food.     When  this  is  small  in  pro- 
portion to  the  number  of  larvae,  they  state,  the  stronger  larvae  kill  and  eat  the  weaker." 

From  observations  made  in  Switzerland,  it  seems  that  the  larvae  of 
A.  bifurcatus  normally  hibernate,  remaining  among  the  leaves  of 
watercresses  and  other  aquatic  plants.  They  have  been  found  in  thin 
layers  of  water  between  two  sheets  of  ice. 

The  pupal  stage  of  mosquitoes  is  passed  in  the  water  and  is  the  short- 
est period  in  the  life  of  the  insect.  In  duration  it  varies  with  the  species 
and  with  external  conditions.  The  pupae  of  the  anopheles  differ  in  no 
essential  way  from  those  of  other  mosquitoes.  When  the  pupa  reaches 
maturity  it  rises  to  the  surface  of  the  water,  the  skin  over  the  thorax 
breaks  open,  and  the  adult  mosquito  is  liberated. 

Number  of  Generations. — It  is  commonly  believed  that  during  a  single 
season  there  are  many  generations  of  anopheles,  each  of  which  begins 
to  reproduce  its  kind  shortly  after  the  evolution  of  the  imagos.  It 
appears  that  the  only  scientific  observations  bearing  on  this  point  have 
been  made  by  a  Russian,  Kulagin,  who  came  to  the  conclusion  that  there 
is  only  one  generation  of  mosquitoes  each  year;  in  other  words,  those 
developed  during  one  summer  do  not  begin  to  lay  eggs  and  reproduce 
their  kind  until  the  next  season.  On  this  point,  Howard  makes  the 
following  statement: 

''Further  observations  are  necessary  to  determine  if  all  the  species  of  anopheles 
of  the  temperate  regions  agree  in  the  number  of  generations.  As  to  the  tropical 
species,  practically  nothing  is  known  as  to  the  number  of  generations.  Quite  prob- 
ably in  certain  regions,  where  there  is  an  abundance  of  water  throughout  the  year, 
breeding  is  continuous.  In  parts  of  India,  where  there  is  a  long,  well  marked  dry 
season,  the  behavior  of  the  anopheles  appears  to  be  much  as  in  colder  climates,  only 
that  in  these  countries  the  dry  time  is  the  resting  period.  Stephens  and  Christophers 
state  that  in  India  estivating  anopheles,  although  they  feed  at  intervals,  will  not 
deposit  eggs  even  if  suitable  deposits  of  water  are  present." 

Mosquito  Enemies. — Fortunately,  the  mosquito  has  many  natural 
enemies.  If  it  were  not  for  this  the  number  of  these  pestiferous  insects 
would  probably  become  so  great  that  man  would  have  difficulty  in  with- 
standing their  attacks.  There  are  certain  fungi  which  undoubtedly 
destroy  large  proj)ortions  of  the  mosquitoes  breeding  in  these  regions. 
The  following  report  by  Pettit,  of  the  Michigan  Agricultural  Experi- 
ment Station,  is  of  interest  in  this  connection: 

''On  August  5,  Mr.  Barlow  found  a  number  of  adult  mosquitoes  killed  by  a  fungus, 
Entomophthora  sp.  nov.  Tliey  were  very  numerous  on  the  margins  of  one  of  the 
pools  in  the  north  woods,  sometimes  almost  covering  the  soil  and  the  pieces  of  bark 
to  which  they  clung.  Some  were  just  killed  and  showed  little,  if  any,  external  growth; 
and  some  were  covered  with  a  dense  dull  white  growth.  All  were  within  a  few 
inches  of  the  water  and  all  faced  away  from  it.  Imagine  thousands  of  mosquitoes  all 
headed  away  from  the  water  as  if  they  were  trying  to  get  away  from  it.  It  would 
seem  that  the  effect  of  the  disease  is  to  draw  the  affected  insects  to  the  water,  pos- 
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sibly  by  creating  a  thirst,  after  slaking  which,  the  insects,  in  trying  to  retreat,  are 
caught  and  stopped  in  tlieir  course  by  numerous  rhizoids  or  anchor  ropes  which  are 
sent  out  by  the  fungus  in  the  body  to  fasten  the  victim  permanently  to  the  place 
where  its  ill-luck  overtakes  it.  Unfortunately  for  the  mosquito  host  the  diseased  in- 
dividuals die  just  in  the  right  place  to  infect  their  fellows  as  they  come  to  the  pool  to 
drink  or  to  lay  eggs.  This  is  a  case  where  the  fungus  seems  to  influence  the  host  in 
such  a  way  as  to  lead  to  the  spread  of  the  disease.  Similar  impulses  seem  to  be  in- 
duced in  the  case  of  other  species — the  Sporotrichum  that  is  used  against  chinch-bugs 
seems  to  impel  the  diseased  individuals  to  hide  under  clods  or  any  other  moist  and 
protected  places,  just  the  places  where  the  young  bugs  come  to  shed  their  skins  or  to 
molt.  This  is,  of  course,  the  best  possible  way  to  spread  the  disease.  Then,  too,  in 
the  case  of  the  common  grasshopper  disease,  Empusa  grylli,  the  dying  hoppers  are 
impelled  to  climb  to  the  tops  of  weeds  and  plants  and  as  the  fungus  throws  its  spores 
to  some  distance,  there  is  a  good  chance  that  some  of  them  will  fall  on  the  bodies  of 
other  grasshoppers.  The  appearance  of  the  mosquito  fungus  is  quite  characteristic. 
The  entire  body  is  swollen  and  covered  with  a  dull  white  growth,  sometimes  almost 
plumbeus.  The  body  is  fastened  down  by  many  slender  brownish  ropes.  A  micro- 
scopic examination  shows  the  growth  to  be  of  fine  threads  (mycelium)  bearing  spores 
at  their  distal  extremities.  These,  threads  are  usually  simple,  though  sometimes  bearing 
a  few  short  branches.  They  are  septate  at  long  intervals,  granular  and  contain  vacuoles. 
The  spores  are  lunated  and  bluntly  rounded  at  both  ends.  In  size  they  measure  about 
50  microns  long  by  13  in  diameter,  some  being  as  long  as  55  microns  and  a  few  as  short 
as  28.  They  are  finely  granular  with  oil  globules  usually  near  the  end.  In  a  single 
specimen  large  numbers  of  resting  spores  were  found." 

Among  the  anopheles  in  Italy,  Perroncito  found  a  bacterial  parasite. 
This  infests  the  larvae  and  destroys,  the  mosquitoes  soon  after  they 
reach  adult  life.  There  is  also  a  yeast  which  is  pathogenic  to  the  mos- 
quito. It  was  thought  by  Schaudinn  that  some  of  the  yeasts  found  in 
the  stomachs  of  mosquitoes  are  physiologic  and  are  of  benefit  to  the 
mosquito.  A  spirochete  has  been  found  both  in  the  larva  and  in  the 
adult  anopheles,  and  Gregarinae  are  abundant  parasites  in  mosquitoes 
and  other  insects.  Just  what  harm  these  parasites  do  the  mosquito  and 
how  greatly  they  aid  in  reducing  the  number  of  these  insects  Ave  cannot 
tell. 

The  fresh-water  hydras  eat  great  numbers  of  the  larvae  of  mosquitoes. 
A  minute  trematode  has  been  found  encysted  in  anopheles.  It  is  be- 
lieved that  bats  become  infected  with  a  trematode  from  eating  mos- 
quitoes. According  to  Stiles,  these  parasites  are  decidedly  injurious 
to  mosquitoes.  The  infected  insects  were  observed  to  be  very  sluggish 
in  their  movements  and  could  easily  be  recognized  as  diseased.  Many 
of  them  died  from  the  effects  of  the  parasite,  and  the  ovaries  of  in- 
fected females  were  undeveloped.  Smith,  studying  mosquitoes  in  New 
York,  is  confident  that  a  ring-worm  parasite  constitutes  a  very  mate- 
rial check  to  the  multiplication  of  certain  species  of  mosquitoes.  How- 
ever, the  presence  of  this  parasite  does  not  prevent  the  flj'ing  or  inter- 
fere with  the  biting  qualities  of  the  infested  insect. 
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There  are  many  carnivorous  insects  whicli  feed  upon  mosquitoes  that 
are  seldom  or  never  found  in  artificial  receptacles  and  in  temporary 
pools.  Howard  took  a  half  gallon  of  water  from  a  stagnant  pool  which 
was  teeming  with  aquatic  insects,  including  hundreds  of  mosquito  larvae. 
Among  these  insects  were  three  larval  hydrophilid  and  in  the  course 
of  a  week  these  devoured  practically  all  other  animal  life  in  the  jar. 
Smith  is  of  the  opinion  that  the  larvae  of  the  Dytiscidae  are  among  the 
greatest  enemies  of  mosquitoes  and  he  is  inclined  to  attribute  the  com- 
parative freedom  of  a  hilly  section  of  New  Jersey  largely  to  these  in- 
sects. According  to  Viereck,  one  good-sized  dytiscid  larva  devoured 
434  mosquito  larvae  in  two  days.  According  to  Smith,  the  so-called 
"whirligig  beetles"  are  great  destroyers  of  mosquito  larvae  and  he  states 
that  no  anopheles  larva  has  a  chance  in  any  bit  of  water  inhabited  by 
these  beetles.  The  same  authority  accredits  good  work  in  the  destruc- 
tion of  mosquitoes  to  certain  aquatic  bugs.  It  is  so  well  known  that 
dragon  flies  feed  upon  mosquitoes  that  attempts  have  been  made  to 
multiply  the  former  in  areas  where  the  latter  have  been  greatly  and 
painfully  in  evidence.  Although  a  volume  has  been  written  on  "Dragon 
Flies  vs.  Mosquitoes,"  nothing  practical  has  come  out  of  this  attempt. 
Howard  says: 

"We  are  of  the  opinion  that  dragon  flies  do  destroy  a  great  many  mosquitoes. 
Wliile  they  show  no  preference  for  mosquitoes  there  seems  to  be,  on  the  part  of  the 
adult  dragon  flies,  a  marked  preference  for  Diptera;  with  their  gTeat  rapidity  and 
activity,  where  mosquitoes  are  abundant,  a  considerable  number  must  be  destroyed  by 
the  dragon  flies. ' ' 

Among  the  mosquitoes  themselves  there  are  many  cannibals,  but  in 
all  the  references  at  our  command  it  seems  that  anopheles  larvae  devour 
culex  larvae.  Undoubtedly  there  are  among  insects  many  species  which 
feed  upon  and  decimate  mosquitoes,  but  to  try  to  drive  out  one  insect 
hy  improving  the  living  conditions  of  another  may  turn  out  to  be  like 
driving  out  the  devil  with  Beelzebub. 

Certain  ascarids  or  mites  are  frequently  found  attached  to  the  bodies 
of  adult  mosquitoes.  Thibault,  studying  mosquitoes  in  Arkansas,  says 
that  more  or  less  every  adult  specimen  of  certain  species  is  found  to 
be  infested  by  a  red  mite  very  similar  in  general  appearance  to  those 
occasionally  found  on  house-flies,  though  for  the  most  part  such  will 
be  the  case  only  early  in  the  season.  The  proportion  of  infested  individ- 
uals among  the  various  species  is  very  striking,  anopheles  and  man- 
sonia  showing  the  greatest  number  of  infested  individuals;  likewise  the 
greatest  number  of  mites  per  mosquito. 

It  is  well  known  that  spiders  entrap  and  eat  mosquitoes.  McCook 
counted  in  an  orb  weaver's  snare,  spun  upon  the  railing  of  the  long 
bridge  over  Deal  Lake,  N.  J.,  38  mosquitoes  at  one  time  hanging  en- 
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tangled  upon  the  viscid  spirals.  The  same  authoritj^  recommends  that 
the  multiplication  of  spiders  be  favored  in  order  to  decrease  the  number 
of  mosquitoes.  In  Brazil  the  jumping  spiders  seem  to  be  an  effective 
check  upon  mosquitoes  in  houses.  The  commission  sent  from  the  Pas- 
teur Institute  to  study  yellow  fever  at  Rio  de  Janeiro  found  that  their 
studies  were  seriously  interfered  with  by  spiders  which  destroyed  the 
mosquitoes  they  were  desirous  of  studying.  Smith  seems  quite  confident 
that  the  number  of  mosquitoes  destroyed  by  spiders  in  New  Jersej^  is 
large  and  he  thinks  that  many  spiders  subsist  largely  upon  mosquitoes. 
Leon,  studying  in  Eoumania,  finds  that  enormous  numbers  of  mos- 
quitoes are  caught  and  killed  by  the  spiders  Avhich  weave  their  webs  on 
sedges,  reeds,  and  willows  growing  about  SAvamps. 

Frogs  and  toads  have  a  reputation  for  destroying  mosquitoes.  Some 
frogs  apparently  feed  largely  upon  mosquito  larvae,  while  most  frogs 
and  toads  eat  adult  mosquitoes.  It  has  been  stated  that  tadpoles 
destroy  mosquito  larvae,  but  this  is  probably  not  true,  since  tadpoles 
are  strict  vegetarians.  They  may  disturb  the  hatching  of  the  eggs  and 
the  development  of  the  larvae  by  causing  violent  movements  in  the 
water  on  which  the  eggs  are  deposited. 

According  to  Giles,  there  is  a  little  lizard  common  in  the  bungalows 
in  India  which  is  quite  efficient  in  destroying  mosquitoes.  This  lizard 
is  known  locally  by  the  name  "gecko,"  and  Giles  states  that  one  gecko 
is  quite  equivalent  to  a  fly-paper  of  the  largest  size  in  destroying  mos- 
quitoes. 

There  are  insectivorous  birds  which  feed  on  the  wing  and  devour 
mosquitoes  in  great  numbers.  Among  the  birds  known  to  feed  in  this 
way  on  these  insects  are  night  hawks,  whip-poor-wills,  chimney  swal- 
lows, and  the  tj^rant  fly  catchers.  Enormous  numbers  of  the  larvae  of 
mosquitoes  are  eaten  by  aquatic  birds,  notably  ducks,  and  there  are 
nine  species  of  shore  birds,  such  as  the  sandpiper,  that  help  in  mate- 
rially decreasing  the  number  of  mosquitoes  arising  from  breeding 
swamps. 

It  is  well  known  that  bats  play  an  important  role  in  certain  countries 
in  the  destruction  of  these  pests.  It  has  been  seriouslj^  proposed  that 
bat-breeding  houses  be  provided  near  swamps  from  which  mosquitoes 
arise.  Certain  insectivorous  plants,  notably  the  bladderworts  of  the 
genus  Utricularia,  trap  and  destroy  many  insects,  including  probably 
all  species  of  mosquitoes.  In  some  countries  it  is  probable  that  these 
plants  exercise  a  certain  degree  of  mosquito  control. 

The  Employment  of  Fish  in  the  Destruction  of  M,osquitoes. — It  has 
long  been  known  that  certain  fishes  feed  voraciously  upon  mosquito 
eggs  and  larvae,  but  it  is  only  within  recent  years  that  fish  have  been 
employed  scientifically  in  the  eradication  of  these  insect  pests.     It  is  a 
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matter  of  record  that  mosquitoes  are  not  abundant  in  Barbados  as  com- 
pared to  other  West  Indian  Islands.  It  is  a  common  i)ractice  among 
the  natives  to  keep  small  fish  in  their  drinking-water  barrels  and  at 
the  same  time  fish  abound  in  the  natural  waters  on  the  Island.  Boyce 
states  that  when  the  native  residents  are  asked  why  they  keep  fish  in 
their  water  barrels  they  say  that  they  have  been  taught  to  do  so  by  their 
parents  or  grandparents  for  the  reason  that  if  a  maliciously  inclined 
neighbor  should  poison  the  water  the  fish  would  die,  float  on  the  surface, 
and  thus  indicate  that  the  water  is  dangerous. 

In  recent  years  much  attention  and  considerable  scientific  study  have 
been  devoted  to  the  selection  of  fish  best  suited  for  the  destruction  of 
mosquitoes.  The  fish  in  Barbados  are  known  by  the  popular  name  of 
''millions."  The  female  when  full  groAvn  is  dull  in  color,  Avithout 
conspicuous  markings,  and  measures  about  an  inch  and  a  half  in  length. 
The  male  is  much  smaller  but  carries  irregular  red  dots  and  has  a  cir- 
cular dark  spot  on  each  side.  This  fish  thrives  in  captivity  and  seems 
to  be  quite  at  home  in  tanks,  reservoirs,  garden  tubs,  fountains,  etc. 
They  are  hardy  little  animals  and  bear  transportation  even  when  not 
carefully  attended.  They  have  been  distributed  from  Barbados  to  many 
other  West  Indian  Islands  and  apparently  have  proved  of  marked 
value.  Of  course,  it  will  be  understood  that  the  success  of  the  trans- 
plantation of  any  form  of  either  vegetable  or  animal  life  Avill  depend 
upon  many  circumstances.  There  are  several  genera  of  small  fish  found 
in  the  stagnant  waters  at  sea  level  along  the  coast  of  the  Gulf  of  Mexico, 
especially  in  Texas.  One  of  the  most  abundant  of  these  is  Gambusia 
afftnis.  This  species  is  widely  disseminated  in  tropical  and  subtropical 
countries.  It  has  been  carried  from  Texas  to  the  Hawaiian  Islands 
and  has  there  been  used  successfully,  it  appears,  in  the  warfare  against 
mosquitoes. 

It  is  worthy  of  remark  at  this  place  that  tlie  presence,  breeding,  and 
abundance  of  "millions"  on  the  Island  of  Barbados  are  not  regarded 
by  experts  who  have  studied  the  local  situation,  as  a  satisfactory  ex- 
planation of  tlje  absence  of  anopheles  on  the  Island.  Culex  and  Ste- 
gomyia  are  abundant.  Filariasis  is  not  uncommon,  and,  indeed,  the 
Island  is  acquiring  an  undesirable  reputation  from  the  phrase  "Barba- 
dos leg,"  which  is  becoming  apparently  more  and  more  applicable  to 
that  locality.  In  1908  there  was  on  this  Island  an  outbreak  of  dis- 
ease which  was  reported  as  yellow  fever.  Guiteras  thinks  that  it 
possibly  might  have  been  febrile  jaundice.  However  this  may  be, 
stegomyia  are  common  on  the  Island.  Balfour  has  discovered  in  the 
waters  of  the  Island,  in  addition  to  the  "millions"  a  little  back-swim- 
mer of  the  genus  Notonecta,  and  he  has  observed  this  animal  feeding 
upon  the  larva   of  the  stegomyia.     According  to   Sambon,   the  rugged 
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northern  part  of  the  Island  fnrnishes  a  natural  oil  which  floats  on  the 
surface  of  the  streams  and  prevents  the  development  of  not  only  mos- 
quitoes, but  of  all  aquatic  life.  Low  has  shown  that  there  is  nothing 
in  the  chemical  constituent  of  the  waters  of  Hastings  Swamp  on  the 
Island  Avhicli  is  inimical  to  mosquito  life.  Balfour  thinks  it  strange, 
admitting  that  there  are  no  suitable  breeding-places  for  anophelines 
on  the  Island,  that  this  mosquito  is  not  imported  on  some  of  the  numer- 
ous small  craft  which  visit  the  Island  frequently  from  relatively  nearby 
ports  where  it  is  abundant.  It  seems  that  culex  and  stegomyia  are 
often  found  on  these  boats  when  they  reach  Bridgetown,  but  the  anoph- 
eles seem  to  be  less  expert  sailors  and,  although  they,  Avith  the  culex 
and  stegomyia,  are  swarming  on  the  boats  when  they  leave  British 
Guiana,  Bridger,  health  officer  of  the  port  of  Bridgetown,  has  never 
found  them  on  the  boat  when  it  reaches  Barbados. 

Gold  fish  and  silver  fish  thrive  in  small  collections  of  water,  demand 
but  little  care,  and  delight  in  consuming  mosquito  larvae.  These  fish 
have  been  employed  for  this  purpose  in  New  England. 

The  widely  disseminated  stickleback  and  the  common  sunfisli  or  pump- 
kinseed  abound  in  certain  localities  and  when  opportunity  is  present 
apparently  prefer  mosquito  eggs  and  larvae  to  other  delicacies.  We  have 
elsewhere  spoken  of  the  Brazilian  fish,  "barrigudo,"  and  its  employ- 
ment in  Rio  de  Janeiro  in  the  campaign  for  the  eradication  of  yellow 
fever.  Certain  conditions  are  necessary  in  order  that  fish  be  of  value 
as  mosquito  exterminators.  In  the  first  place,  they  must  be  protected 
from  their  enemies.  The  small  fish  which  feed  upon  mosquito  larvae 
are  eaten  by  large  fish,  such  as  perch,  bass,  carp,  pickerel,  etc.,  and  the 
small  fry  cannot  exist  and  fill  their  function  unless  protected  from 
their  enemies.  In  the  second  place,  the  eggs  and  larvae  of  the  anoph- 
eles lie  on  or  near  the  surface  of  the  water  and  antimosquito  fish 
must  be  top  feeders.  There  are  many  species  of  small  fish  which  feed 
only  on  the  bottom.  Of  course,  these  are  not  efficient  mosquito  exter- 
minators. The  general  term  'Hop  minnows"  applies  to  the  many  and 
varied  species  which  may  be  used  in  the  antimalarial  campaign.  How- 
ever, top  minnows  need  man's  help  if  they  are  going  to  be  efficient  in 
rendering  him  assistance.  They  abound,  in  the  absence  of  their  enemies, 
in  shallow  water  and  breed  in  shoals  near  the  banks.  They  seem  to  be 
especially  at  home  in  stagnant  water,  but  without  man's  help  they 
cannot  pass  over  even  a  few  inches  of  dry  land  and  find  their  way  into 
isolated  puddles,  cow  tracks,  and  similar  places  in  which  mosquitoes 
may  breed;  therefore,  they  must  be  dipped  from  their  natural  habitat 
and  distributed  in  isolated  mosquito  breeding-places.  It  is  also  desir- 
able that  we   recognize  the   fact  that   too  much   aquatic   vegetation  re- 
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stricts  the  fish  in  their  movements  and  at  the  same  time  gives  protection 
to  the  larvae. 

The  Artificial  Transportation  of  Mosquitoes. — The  mosquito  has  ap- 
parently not  hesitated  to  avail  itself  of  the  improved  and  rapid  methods 
of  transportation  employed  by  man.  The  express  carries  New  Orleans 
mosquitoes  to  Washington  and  even  farther  north.  It  is  said  on  good 
authority  that  the  City  of  Mexico  was  free  from  these  pests  until  the 
railroads  were  built  from  Vera  Cruz  and  from  the  valley  of  the  Rio 
Grande.  Herrera  states  that  during  the  summer  time  almost  every 
train  from  the  north  brings  many  mosquitoes  to  the  City  of  Mexico. 
These  escape  from  the  cars,  take  advantage  of  the  abundant  breeding 
places,  and  soon  multiply  excessively.    According  to  Lounbury,  the  rail- 
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roads  in  Cape  Colony  have  been  efficient  agents  in  the  distribution  of 
mosquitoes  in  South  Africa.  Like  testimony  comes  of  the  distribution 
of  these  pests  in  Australia.  Howard  says  that  it  is  reasonably  well 
established  that  Hawaii  has  no  aboriginal  mosquito  fauna  and  that  the 
mosquitoes  found  there  were  brought  to  the  Islands  in  sailing  vessels 
many  years  ago.  The  fearful  epidemic  of  yellow  fever  in  Philadelphia 
in  1793  was  undoul^tedly  due  to  mosquitoes  brought  on  sailing  vessels 
from  the  West  Indies;  indeed,  yellow  fever  was  carried  by  sailing- 
vessels  as  far  north  as  Portsmouth,  N.  IT.  On  the  old  type  ship  there 
was  abundant  opportunity  for  the  breeding  of  mosquitoes.  The  intro- 
duction of  steam  has  shortened  the  voyage  but  has  increased  the  risk 
to  the  life  of  the  mosquito  which  noAv  would  undertake  a  journey  from 


MALARIA 


583 


Colon  to  New  York.  At  the  same  time  the  water-supplies  of  modern 
ships  are  more  carefully  guarded.  Still  the  possibility,  even  under 
modern  conditions  of  the  transmission  of  infected  anopheles  or  stegomyia 
from  one  country  to  another,  must  not  be  overlooked. 

Measurements  of  Malaria  Prevalence. — It  is  impossible  to  give  any 
exact  statistics  concerning  either  the  morbidity  or  the  mortality  from 
malaria  in  any  country.  As  a  rule,  malarious  countries  are  backward 
in  their,  sanitation  and  do  not  provide  for  the  collection  and  registration 
of  sickness  and  death.  The  number  of  deaths  from  malaria  reported  in 
the  U.  S.  Registration  Area  for  the  year  1919  is  3,275,  corresponding  to 
a  rate  of  3.8  per  100,000  population.  This  is  the  highest  rate  attained  since 
1905.  In  1900  the  rate  was  7.9  and  each  year  showed  a  decline  down 
to  1910,  when  the  rate  was  2.2.  There  has  been  a  general  rise  since 
1915.  The  lowest  rate  reached  is  2.2  for  the  years  1910  and  1914.  The 
cause  of  the  arrested  decline  is  due,  not  to  an  actual  increase  in  malaria, 
but  to  the  changing  character  of  the  Registration  Area.  Most  malaria  is 
found  in  the  southern  states,  and  the  recent  additions  to  the  Registra- 
tion Area  have  come  largely  from  the  South.  This  will  be  illustrated 
in  Table  XXX. 

Table  XXX 


MALARIA    DEATH 
RATE 


STATES    IN    REGISTRATION    AREA    WITH 
YEARLY    ADDITIONS 


1900 


1901 
1902 
190.3 
1904 
1905 
1906 

1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 


7.9 


6.3 
5.4 
4.3 
4.2 
3.9 
3.4 

2.7 
2.4 
2.3 
2.2 
3.0 
3.1 
2.5 
2.2 
2.3 
3.0 
3.2 
3.1 
3.8 


Massachusetts,  New  Hampshire,  Rhode 
Island,  Connecticut,  Vermont,  New  York, 
New  Jersey,  Maine,  Michigan,  Indiana, 
District  of  Columbia 


California,  Colorado,  Pennsylvania,  Mary- 
laud 

Washington,  Wisconsin 

Ohio 

Utah,  Minnesota,  Montana 

Missouri,  Kentucky 

Virginia 
Kansas 

Soutli   Carolina,  North   Carolina 

Tennessee 

Oregon,  Louisiana,  Illinois 

Mississippi,  Florida,  Delaware 


The  rates  for  individual   states  have   shown  uninterrupted   declines 
from  1900  to  1919. 
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Table  XXXI 
Malaiua  Moktality  in  Certain  States 


MASSA- 

NEW 

NEW 

YEAR 

CHUSETTS 

YORK 

JERSEY 

MICHIGAN 

KENTUCKY 

VIRGINIA 

1900 

2.9 

4.5 

5.4 

6.5 

- 

_ 

1901 

3.2 

3.8 

4.4 

4.6 

- 

- 

1902 

2.0 

3.1 

4.0 

- 

- 

1903 

2.2 

2.1 

3.1 

2.6 

- 

- 

1904 

2.0 

2.3 

2.8 

2.6 

- 

- 

1905 

1.4 

1.7 

2.4 

2.3 

- 

— 

1906 

1.2 

2.2 

2.2 

1.9 

- 

— 

1907 

1.2 

1.7 

2.0 

1.2 

- 

_ 

1908 

0.5 

1.0 

1.2 

1.4 

- 

— 

1909 

0.7 

1.1 

0.9 

1.0 

— 

— 

1910 

0.7 

0.9 

1.0 

0.7 

_ 

_ 

1911 

0.4 

0.7 

1.0 

1.0 

10.3 

_ 

1912 

0.2 

0.5 

1.2 

0.8 

9.6 

- 

1913 

0.4 

•      0.4 

0.5 

0.6 

8.1 

7.1 

1914 

0.2 

0.5 

0.3 

0.7 

7.0 

7.9 

1915 

0.2 

0.4 

0.5 

0.4 

6.4 

7.0 

1916 

0.2 

0.3 

0.3 

0.2 

6.4 

6.6 

1917 

0.1 

0.3 

0.2 

0.2 

5.7 

5.6 

1918 

0.1 

0.3 

0.4 

0.2 

4.7 

3.7 

1919 

0.1 

0.2 

0.1 

0.1 

3.0 

3.0 

States  having-  rates  above  10  per  100,000  in  1919  are  Florida  (43.7), 
Mississippi  (36.5),  South  Carolina  (31.7),  Louisiana  (26.6)  and  Tennes- 
see (10.3).  Other  states  with  rates  above  the  rate  for  the  Registration 
Area  as  a  whole  (3.8  per  100,000)  are  North  Carolina  (7.9)  and  Missouri 
(6.4).  Ten  states  show  rates  of  0.1  or  less — Maine,  Massachusetts,  Michi- 
gan, Minnesota,  Montana,  New  Hampshire,  New  Jersey,  Pennsylvania, 
Utah  and  Wisconsin. 

The  eleven  registration  cities  of  100,000  population  or  more  with  the 
highest  death  rates  in  1919  were : 


Memphis 
Bii'iiiingham 
New  Orleans 
Nashville 
St.  Louis 
Louisville 


31.4 

Atlanta 

6.2 

Kansas   City 

4.4 

Washington 

2.5 

Spokane 

2.3 

Indianapolis 

2.1 

2.0 
1.6 
1.4 
1.0 
1.0 


Of  the  3,275  deaths  from  malaria  in  1919,  2,760  occurred  in  the  rural 
sections  of  registration  states,  365  in  the  cities  of  registration  states  and 
150  in  registration  cities  in  nonregistration  states. 

Differences  in  malaria  prevalence  between  urban  and  rural  districts 
are  not  so  marked  as  one  might  expect.  In  the  records  of  11  states  with 
significant  rates  in  1917,  seven  show  an  excess  in  the  rural  territory 
(towns  with  populations  of  less  than  10,000).  In  Missouri  the  rural  rate 
is  from  six  to  seven  times  more  than  in  the  cities.     In  North  Carolina 
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the  ratio  is  nearer  two  to  one.    In  Virginia  the  rate  in  the  cities  is  nearly 
clonble  that  in  the  rnral  sections. 

Table  XXXII 

Urban  and  Eural  Differences  in  Malaria  Mortality — 1917 
Annual  Rate  Per  100,000 


URBAN 


RURAL 


California 
Indiana 
Kansas 
Kentucky- 
Missouri 
New  York 
N.  Carolina 
Pennsylvania 
S.  Carolina 
Tennessee 
Virginia 


0.6 
1.1 
2.7 
4.8 
2.3 
0.2 
6.1 
0.3 
22.7 
19.1 
8.7 


2.3 
1.3 
2.0 
5.9 

.15.2 
0.4 

11.4 
0.1 

35.3 

19.1 
4.7 


Mortality  from  malaria  is  about  four  times  as  common  among  the 
colored  as  among  the  white.  The  death  rates  in  the  registration  area 
for  1917  (the  last  year  for  which  rates  are  ]3ublished  in  the  U.  S.  Mor- 
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tality  Statistics)  show  a  much  greater  disparity  than  this,  namely,  1.8 
for  white  and  21.0  for  colored,  but  this  is  not  a  fair  expression  of  the 
racial  difference.  Most  malaria  is  in  the  South,  and  the  colored  popula- 
tion is  likewise  found  in  greatest  numbers  there.  The  comparative  fig- 
ures for  the  entire  registration  area  represent  a  large  white  population 
located  for  the  most  part  in  a  nonmalarious  section  and  a  colored  popu- 
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lation  located  principally  in  malarious  sections.    It  is  necessary  to  com- 
pare the  white  and  colored  rates  within  a  state  or  city. 

This  we  have  done  in  Table  XXXIII.  Colored  malaria  rates  exceed 
those  for  the  white  most  markedly  in  Virginia,  Birmingham  and  New 
Orleans,  where  the  ratio  is  about  4.5  to  one.  The  disparity  is  least  in 
Missouri  (1.5  to  1.0)  and  Vicksburg  (1.8  to  1.0). 

Table  XXXIII 
Eacial  Difference  in  Malaria  Mortality  in  1917 

annual  death  kate  per  100,000 
state  ok  city  white  colored 


Kansas 

2.0 

8.6 

Kentucky 

4.5 

16.3 

Missouri 

10.1 

15.4 

North  Carolina 

7.0 

19.8 

South  Carolina 

12.0 

53.2 

Tennessee 

14.7 

36.5 

Virginia 

2.7 

11.9 

Birmingham,  Ala. 

5.0 

22.7 

Registration  Cities 

of  Florida 

4.3 

17.5 

Augusta,  Ga. 

17.9 

48.3 

New  Orleans 

1.8 

8.2 

Shreveport,  La. 

23.2 

58.1 

Vicksburg,  Miss. 

53.5 

94.0 

Registration  Cities 

of  Texas 

9.0 

24.2 

The  death  rate  from  malaria  in  Atlanta  has  fallen  since  1910  among 
the  whites  from  4.6  to  1.5  per  100,000;  among  the  colored  people  from 
12.3  to  1.7.  In  New '  Orleans  a  corresponding  fall  has  been  among  the 
whites  from  9.4  to  1.8,  among  the  blacks  from  22.4  to  8.2;  in  Memphis 
from  55.6  to  20.5  among  the  whites  and  from  174.1  to  66.2  among  negroes. 
In  the  smaller  cities  in  the  South,  so  far  as  we  have  figures,  there  has 
been  a  fall  in  the  death  rate  from  this  disease  among  both  whites  and 
blacks,  but  this  fall  is  not  so  marked  as  in  the  larger  cities.  In  Vicks- 
burg, taking  the  population  as  a  whole,  the  fall  has  been  from  138.1  in 
1915  to  77.7  in  1917.  Among  these  minor  cities  six  have  rates  of  10  or 
more  per  100,000  for  the  series  of  years  1911-1917:  Mobile,  Ala.,  Savan- 
nah, Ga.,  Paducah,  Ky.,  Charlotte,  N.  C,  Charleston,  S.  C,  and  Norfolk, 
Va.  The  five  cities  which  have  the  highest  rates  in  1917  are:  Vicks- 
burg, Miss.,  (77.7);  Brunswick,  Ga.,  (63.7);  Hattiesburg,  Miss.,  (57.6); 
Meridian,  Miss.,  (55.0),  and  Beaumont,  Texas,  (48.5). 

In  1913  Carter  made  a  report  on  malaria  in  eastern  North  Carolina, 
from  which  we  make  the  following  quotation:  "In  the  absence  of  statis- 
tics I  can  only  say  that  there  is  much  malaria  in  eastern  North  Carolina, 
mainly  of  a  rather  mild  type,  tertian,  but  there  is  some  estivo-autum- 
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nal.  There  is  some  in  every  town  I  have  visited,  generally  in  proportion 
inversely  to  its  size,  but  varying",  of  course,  with  its  environment.  There 
is  much  more  in  the  country,  and  of  a  severer  type,  than  in  the  towns. 
Indeed  a  severe  type,  including  much  blackwater  fever,  is  reported  in 
several  counties  and  small  towns,  none  of  which,  however,  did  I  visit. 


MALAEIA     IN     ARKANSAS 

1915-1916 
Hc3o.vij     sbacied    areas     indicate    grecfest     prevalence 

U 5. Public     Hecl+b  Eeport5 
Jen.  2.5,1918 
Fig.  35. 


MALAeiA  IN   te:nne:3see: 

1913-  1916 

HecvLj     •5boded     areo-s      "indica+e    qreafe5+     prevalence 

U.S.Public    Healtb     Eepor+s 
Auc^.  £7,1917 


These  reports  are  from  practitioners  in  Plymouth,  Washington,  New- 
bern,  Goldsboro,  and  Fayetteville,  who  practice  in  the  places  where  the 
severe  type  prevails." 

In  1914  von  Ezdorf  made  a  survey  of  malaria  prevalence  in  the 
states  of  Alabama,  Arkansas,  Florida,  Kentucky,  Louisiana,  North  Caro- 
lina, South  Carolina  and  Tennessee.    From  the  returns  received  he  esti- 
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mates  that  4  per  cent  of  the  population,  or  600,000  people,  in  a  total 
population  of  15  million  had  malaria.  Since  this  time  more  detailed 
studies  have  been  made  by  the  Public  Health  Service.  The  accompany- 
ing  maps  suggest   the   relative   prevalence   of   malaria   in   the   counties. 

While  eastern  Tennessee,  being  mountainous,  is  on  the  whole  rela- 
tively free  from  malaria,  the  v^^estern  part  of  the  state  is  badly  en- 
cumbered by  this  disease.  In  1917  tertian  infection  w^as  reported  in 
31  counties,  quartan  in  21,  and  estivo-autumnal  in  24.  In  South  Caro- 
lina in  1915-1916  the  malaria  incidence  reached  its  height  in  September. 
There  was  much  estivo-autumnal  fever,  and  as  we  have  already  stated, 
the  death  rate,  especially  among  the  colored  people,  is  high.  In  Florida 
in  1914  Ezdorf  found  malaria  in  every  county  except  one,  and  that  did 
not  report.  The  pernicious  form  of  the  fever  is  widely  distributed 
throughout  the  state. 

The  Parasite  Index. — There  are  several  methods  to  follow  in  attempt- 
ing to  get  data  concerning  the  prevalence  of  malaria  in  any  community. 
One  of  these  is  to  determine  the  parasite  index.  This  means  the  per- 
centage of  individuals  in  the  community  in  whose  blood  malarial  para- 
sites can  be  found  after  a  reasonable  search  by  one  expert  in  the  pro- 
cedure. It  Avill  be  understood  that  this  gives  the  minimum  rate  for 
the  disease  in  the  community.  It  can  in  no  case  be  an  overestimate.  The 
number  of  parasites  in  the  peripheral  blood  at  the  time  of  the  examina- 
tion may  be  so  small  that  even  an  expert  cannot  detect  them.  In  other 
cases  quinin  accounts  for  the  failure  to  detect  the  parasite.  The  para- 
site index  may  be  employed  not  only  for  determining  the  percentage  of 
people  infected  in  any  community,  but  it  may  be  applied  to  different 
groups  of  individuals;  for  instance,  to  villagers  and  farmers,  to  children 
and  adults,  to  males  and  females,  etc.  In  fact,  this  method  is  most  ap- 
plicable to  children.  The  one  making  the  survey  visits  the  schools,  talks 
to  the  children,  and  examines  a'  drop  of  blood  taken  from  the  ear  of 
each.  It  is  also  of  value  in  the  examination  of  employes  in  large 
lumber  mills  and  elscAvhere.  To  attempt  this  procedure  by  going  from 
house  to  house  is  never  satisfactory.  Ezdorf  has  done  some  of  this 
work  among  both  white  and  black  school  children  in  Arkansas.  In 
four  village  schools  he  examined  802  children  and  found  the  parasite 
in  6.6  per  cent. 

The  Spleen  Index. — This  method  of  ascertaining  the  relative  preva- 
lence of  malaria  has  been  employed  for  a  long  time.  As  we  have  al- 
ready stated,  the  connection  between  enlargement  of  the  spleen  and 
malaria  was  well  knoAvn  to  ancient  Greek  physicians.  The  enlargement 
is  sufficient  to  be  easily  discoverable  in  a  few  seconds  by  pressing  the  fingers 
under  the  ribs  of  the  left  side,  and  this  can  be  done  not  only  by  physi- 
cians, but  bv  assistants,  nurses,   and   even  bv  trained  members   of  the 
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laity.  The  subjects  with  clothing  properly  arranged  pass  in  line  be- 
fore the  examiner,  who  reports  the  result  to  a  secretary  standing  behind 
him.  Properly  carried  out,  100  people  can  be  examined  in  this  way  in 
an  hour.  Ross  examined  31,022  children  in  Mauritius  and  92,258  in 
Ceylon.  As  Ross  points  out,  this  method  is  open  to  certain  defects : 
(a)  In  early  cases  the  enlargement  may  not  be  sufficient  to  be  detected 
in  this  manner,  (b)  In  healthy  infants  the  spleen  is  easily  palpable  oc- 
casionally, (c)  Not  all  infected  persons  present  a  palpable  spleen. 
(d)  All  persons  with  palpable  spleens  are  not  necessarily  infected  with 
malaria.  In  certain  regions  kala-azar  must  be  excluded.  The  advan- 
tages in  the  method  are  evident  and  the  information  obtained  is  with 
due  precaution  sufficiently  accurate.  Ross  found  that  the  average  child 
on  the  Island  of  Mauritius  had  a  spleen  2.54  times  the  normal  size.  In 
this  computation  of  course,  normal  spleens  were  counted.  Omitting 
these  the  average  enlarged  spleen  was  5.54  times  the  normal.  The  degree 
of  enlargement  of  the  spleen  'is  believed  by  Craig  to  depend  upon  the 
kind  of  parasite  and,  according  to  this  author,  there  is  the  greatest  en- 
largement in  estivo-autumnal  fever.  This  has  been  questioned  by  Hope 
and  others,  who  are  inclined  to  the  belief  that  the  extent  of  the  enlarge- 
ment is  dependent  more  upon  the  length  of  the  continuance  of 
the  disease  than  upon  the  nature  of  the  parasite.  Craig's  belief  that 
the  enlargement  of  the  spleen  is  greater  in  estivo-autumnal  infections 
than  in  either  tertian  or  quartan  is  based  upon  his  own  personal  studies 
of  many  thousands  of  malarial  infections  and  is  supported  by  the  well- 
known  fact  that  in  estivo-autumnal  infections  the  number  of  plasmodia 
is  infinitely  greater  in  the  spleen  than  in  tertian  or  quartan  infections 
and  immense  numbers  go  through  their  entire  life-cycle  in  this  organ, 
thus  causing  pathologic  changes  leading  to  hypertrophy  much  more 
frequently  than  in  other  malarial  infections.  Long-continued  malarial 
infection  with  any  of  the  species  of  plasmodia  will  undoubtedly  cause 
enlargement  of  the  spleen  but  this  occurs  much  more  often  and  with 
greater  rapidity  in  estivo-autumnal  infection  than  in  either  tertian  or 
quartan  according  to  Craig's  observation. 

The  Fever  Index. — Of  course,  in  using  this  measure  one  must  be  sure 
that  the  fever  is  malarial  and  not  typhoid  or  due  to  some  other  infec- 
tion. In  regard  to  the  value  of  the  fever  index,  Ross  makes  the  fol- 
lowing statement: 

''The  admissions  into  military  hospitals,  ci^-il  hospitals  and  hospitals  of  gaols  and 
plantations,  are  generally  fairly  correctly  diagnosed  by  medical  men,  and  give  some 
idea  of  the  great  amount  of  sickness  caused  by  the  disease.  The  same  is  true  of  the 
large  number  of  attendancies  for  malaria  at  out-patient  departments  and  dispensaries. 
The  figures  are  valuable  for  comparative  estimates  of  variation  from  time  to  time 
or  place  to  place." 
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Ross  found  in  Mauritius  that  malaria  caused  23.2  per  cent  of  tlie  total 
hospital  admissions  and  35.8  per  cent  of  dispensary  cases.  In  India 
before  quinin  was  used  to  any  great  extent  about  36.2  per  cent  of  the 
soldiers  were  admitted  to  hospital  each  year  for  malarial  fever.  In 
highly  malarious  countries  it  is  safe  to  say  that  one-third  of  the  total 
population  requires  treatment  for  malaria  each  year.  A  few  years  ago, 
before  quinin  was  so  largely  used,  it  was  not  rare  to  find  on  any  one 
day  during   the   malarial   season   twenty  per   cent    of   the    employes   on 
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sugar  and  rubber  plantations  sick  from  malaria.     This  gives  some  idea 
of  the  economic  loss  due  to  this  disease. 

The  Greographic  Distribution  of  Malaria. — It  must  be  evident  that 
malaria  is  not  transferred  in  nature  from  one  individual  to  another 
except  through  the  agency  of  a  mosquito  of  the  genus  Anopheles ;  there- 
fore, the  only  cases  of  malaria  that  can  exist  in  a  country  Avholly  free 
from  these  mosquitoes  are  those  who  come  into  the  region  already  in- 
fected. '  As  we  have  seen,  these  individuals  may  still  carry  the  parasites 
in  their  bodies  and  may  suffer  relapses,  but  there  can  be  no  transfer  of 
the  parasite  through  natural  agencies  to  another.  On  the  other  hand, 
there  are  many  localities  where  anopheles  abound  but  where  malaria  is 
not   found.      These   mosquitoes    acquire   their   infection   only   by   biting 
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infected  persons,  and  if  there  are  no  infected  persons  witliin  their  reach 
the  mosquitoes  never  acquire  or  transmit  tlie  infection.  Anopheles  are 
still  widely  distributed  over  the  Great  Lakes  region  of  the  United 
States,  but  there  is  no  malaria  in  this  area  unless  some  individual  bear- 
ing the  infection  comes  into  it.  This  occasionally  happens  and  there 
are  local  outbreaks  of  the  disease.  Laborers  from  Italy  bearing  in  their 
bodies  the  infection  come  to  this  part  of  the  United  States  and  are 
bitten  by  mosquitoes,  which  transmit  the  parasite  to  others  and  local 
outbreaks  result.  It  will  be  seen  from  this  that  only  a  general  state- 
ment can  be  made  concerning  the  geographic  distribution  of  this  disease. 
When  we  attempt  to  definitely  define  its  limits  it  may  easily  be  seen 
that  malaria  may  appear  next  summer  in  jDlaces  where  it  has  not  been 
seen  in  the  past  20  years.  Shipley  writes  as  follows  concerning  the 
geographic  distribution  of  malaria: 

' '  Roughly  speaking,  malaria  is  confined  to  a  broad  irregular  belt  runjiing  round 
the  world  between  the  fourth  isothermal  line  north  of  the  equator  to  the  sixteenth  line 
south.  It  is,  however,  said  to  occur  occasionally  outside  these  limits — for  instance,  in 
southern  Greenland  and  at  Irkutsk  in  Siberia;  but  until  recentl}'  the  accurate  diagnosis 
of  the  disease  has  been,  difficult,  and  too  much  reliance  cannot  be  placed  on  these 
statements.  The  chief  endemic  foci  of  the  disease  are  along  the  banks  and  deltas  of 
large  rivers,  on  low  coasts,  and  around  inland  lakes  and  marshes.  Malaria  is  common 
all  around  the  Mediterranean  region ;  it  was  well  known  to,  and  its  symptoms  were  clearly 
aoted  by,  the  early  physicians  since  the  time  of  Hippocrates.  They  even  recognized 
the  difference  between  mild  spring  and  summer  attacks  and  the  more  pernicious  effects 
of  the  autumnal  fever.  In  France  there  are  several  prominent  malarial  districts:  the 
vaUey  of  the  Loire  and  its  tributary  the  Indre,  and  the  valley  of  the  Rhone;  also  the 
seacoast  and  strip  from  the  mouth  of  the  Loire  to  the  Pyrenees,  and  again  the  Mediter- 
ranean, seaboard.  It  occurs  in  Switzerland,  and  is  found  in  Germany  along  the  Baltic 
coasts  and  on  the  banks  of  the  Rhine,  Elbe,  and  other  rivers,  and  in  many  other  parts. 
Scarcely  a  province  in  Holland  is  quite  free  from  it,  and  it  is  found  in  Belgium  and 
around  Lake  Wener  in  Sweden.  It  extends  along  the  Lower  Danube  and  around  the 
Black  Sea,  and  spreads  across  Russia,  being  especially  prevalent  along  the  course  of 
the  Volga  and  around  the  Caspian.  From  Europe  it  spreads  over  Asia  Minor  and  af- 
fects all  southern  Asia  as  far  as  the  East  Indies,  but  in  Japan  it  is  curiously  rare. 
It  is  also  infrequent  in  Australia — where  it  is  con.fined  to  the  northern  half  of  the  con- 
tinent— and  in  many  of  the  Pacific  Islands;  and  it  is  unknown  in  the  Sandwich  Islands, 
New  Zealand,  Tasmania,  and  Samoa.  In  America  it  is  more  common  and  of  a  more 
severe  type  on  the  Atlantic  seaboard  than  on  the  Pacific;  in  the  last  hundred  years  its 
northern  limit  is  said  to  have  retreated  in  the  center  of  the  continent,  though  some 
observers  thiixk  it  is  creeping  farther  north  in  the  eastern  states.  In  a  mild  form  it  is 
known  around  the  Great  Lakes  and  in  Canada  and  in  New  England;  but  it  reaches  a 
high  deg-ree  of  intensity  in  the  southern  states,  Mexico,  Cuba,  and  Central  America, 
where  it  probably  played  a  greater  part  in  ruining  the  projected  Panama  Canal  than 
all  the  corrupt  financing  of  the  speculators  in  Paris.  It  extends  through  the  warmer 
parts  of  South  America  and  is  known  in  a  virulent  form  all  over  Africa  except  the 
extreme  south. ' ' 

It  Avill  be  seen  that  some  of  the  statements  made  in  the  above  quota- 
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tion,  although  they  might  have  been  true  when  Avritten,  are  not  at 
present  trustworthy.  At  this  time  there  is  malaria  in  the  Sandwich 
Islands,  The  statement  that  it  is  creeping  farther  north  in  the  eastern 
states  was  true  30  years  ago  and  for  a  very  good  reason  which  no  longer 
exists.  At  present,  taking  the  United  States  as  a  whole,  malaria  is  rare 
m  NeAV  England  and  when  present  is  due  to  local  conditions.  Anopheles 
are  still  found,  though  in  greatly  diminished  numbers  over  New  Eng- 
land, but  they  have  opportunity  to  infect  themselves  only  when  some 
infected  person  comes  in  from  a  malarious  section.  In  New  York,  New 
Jersey,  and  Pennsylvania  there  is  but  little  malaria,  and  this  holds  good 
notwithstanding   the    fact    that    malaria    bearing    anopheles    are   fairly 
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abundant  in  certain  sections  of  these  states.  In  Maryland,  especially 
among  the  colored  people,  malaria  is  an  important  factor  in  causing 
both  sickness  and  death.  As  we  proceed  farther  south  along  the  At- 
lantic Coast,  and  even  if  we  spread  out  and  cover  all  of  that  area  south 
of  the  Ohio  River  and  extend  to  the  Rio  Grande  to  the  west,  we  include 
the  great  malarial  region  of  the  United  States.  The  region  round  about 
the  Great  Lakes  was  50  years  ago  highly  malarious  but  now  this  disease 
is  practically  nonexistent.  In  California  malaria  has  shown  considerable 
variation  in  its  prevalence  for  the  past  20  years  or  more.  This  is  due  largely 
to  the  care  or  lack  of  care  exercised  in  irrigation.  This  was  foreseen 
long  before  we  kncAV  that  the  mosquito  had  anything  to  do  with  malaria 
by  Widney,  at  that  time  secretary  of  the  California  State  Board  of 
liealth,  who  wrote  in  1881,  as  follows: 
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''The  conclusion  seems  to  be  fairly  just  and  legitimate,  then,  in  tlie  absence  of  any 
other  apparent  cause,  and  from  what  we  know  of  the  close  connection  between  defec- 
tive drainage  and  malaria,  that  in  this  case  the  relationship  is  that  of  cause  and  effect. 
With  thorough  drainage,  the  places  which,  by  all  other  rules,  should  develop  malaria, 
escape  it  almost  entirely;  without  drainage,  the  places  which,  by  all  other  rules,  should 
be  free  from  it,  develop  it  constantly  and  actively.  The  whole  history  of  irrigation  in 
southern  California  goes  to  impress  this  lesson;  that,  to  escape  malaria,  drainage  must 
go  hand  in  hand  with  irrigation;  that  unless  it  does,  the  water  which  brings  wealth 
brings  also  disease  and  death. ' ' 

At  about  the  time  the  above  was  written,  Californians  were  busily 
engaged  in  lining  their  roads  with  plantings  of  Eucalyptus  trees,  with 
the  hope  that  some  mysterious  exhalation  from  the  leaves  would  neutral- 
ize some  mythical  gas  to  which  malaria  is  due.  The  energy  of  the  people 
has  developed  these  roads  into  royal  highways,  but  the  malaria  bearing 
mosquito  now  breeds  in  the  pools  that  lie  in  the  shade  of  the  stately 
trees. 

The  Atlantic  Coast  of  South  America  and  the  region  extending  far 
into  the  interior,  even  to  the  base  of  the  Andes,  are  highly  infested  with 
malaria  and  in  certain  sections  of  this  region  the  pernicious  form  is 
largely  in  evidence.  The  Pacific  Coast  of  the  same  continent  from 
Central  America  south  is  frequently  dotted  with  malarial  sections  and 
in  some  places  the  disease  has  found  its  way  high  up  the  slopes  of  the 
Andes. 

From  the  eastern  end  of  the  Mediterranean  through  Arabia  and  India 
and  extending  into  the  Malay  Archipelago  this  is  one  of  the  most 
serious  of  diseases  and  has  delayed  the  development  of  the  people. 
The  infection  reaches  in  some  places  the  lofty  tablelands  of  the  Hima- 
layas and  extends  widely  over  southern  China.  The  greater  part  of 
the  African  continent  is  involved  and  the  pernicious  form  of  the  disease 
is  found  along  both  the  west  and  east  coasts  of  this  continent.  The 
infection  has  found  its  way  into  all  the  Islands  of  the  Southern  Pacific 
and  the  Indian  Oceans.  Northern  Africa,  including  Algeria,  Tunis, 
Tripoli,  and  the  Nile  Delta,  is  badly  infested  with  this  parasite. 

While  altitude  constitutes  a  certain  barrier  to  the  progress  of  this 
disease,  it  reaches  a  height  of  more  than  2,500  meters  in  the  Andes.  In 
the  Himalaya  Mountains  it  is  found  as  high  up  as  2,000  meters.  In 
Italy,  Grassi  has  found  certain  malarial  foci  at  an  altitude  of  2,500 
meters.  In  Algeria  it  climbs  to  1,800  meters.  In  Germany  it  has  not 
been  found  above  500  meters.  It  will  be  seen  from  these  statements 
that  the  altitude  reached  hy  this  disease  depends  largely  upon  local 
conditions. 

As  is  well  known,  the  influence  of  settlement  and  civilization  on  this 
disease  is  variable,  being  dependent  largely  upon  the  attention  that  is 
given  to  drainage.     Michigan,  Illinois,  Indiana,  and  Ohio,  were  50  or 
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75  years  ago  highly  malarious.  In  the  sixties  of  the  hist  century  the 
rural  populations  of  southern  Illinois,  Indiana,  and  Ohio,  were  almost 
universally  infected.  Quinin  at  that  time  Avas  the  only  relief,  but  free- 
dom from  the  disease  was  secured  only  after  the  establishment  of  satis- 
factory drainage.  From  1906  to  1910  the  average  annual  death  rate 
from  this  disease  in  Indiana  was  4.5  per  100,000.  In  1917  it  had  fallen 
to  1.2.  There  is  no  satisfactory  comparison  for  Illinois,  since  this  state 
as  a  whole  was  not  admitted  to  the  registration  area  until  1918.  In  1918 
the  rate  was  1.3,  in  1919,  1.4.  Nuttall  and  his  coworkers  have  made  a 
careful  study  of  the  former  distribution  of  malaria  in  England  and  the 
present  distribution  of  anopheles.  The  malarial  area  was  within  but 
not  so  extensive  as  the  anopheline  area.  The  disease  was  severe  in 
certain  parts  of  England  up  to  and  including  the  early  part  of  the 
nineteenth  century.  It  began  to  decline  about  1850,  since  which  time 
it  has  entirely  disappeared.  The  authors  attribute  the  disappearance 
of  malaria  from  England  to  (a)  the  reduction  of  anophelines  by  drain^ 
age;  (b)  to  reduction  of  population  by  emigration,  and  (c)  to  the  use 
of  quinin.  Ross  thinks  that  (b)  has  had  no  atfect,  and  he  is  inclined 
to  attribute  the  disappearance  of  the  disease  almost  entirely  to  the 
reduction  of  the  anopheline  factor  by  drainage  and  to  the  iTse  of 
quinin.  Furthermore,  he  seems  to  suspect  that  there  has  been  some 
slight  change  in  the  climate  not  without  effect,  and  that  glass  windows 
have  been  more  in  use  since  the  beginning  of  the  nineteenth  century,  thus 
lighting  up  the  houses  and  destroying  in  a  way  the  sanctuaries  of  the 
insects. 

While  there  has  always  been  more  or  less  malaria  along  the  Volga, 
in  1920  the  disease  in  this  region  took  on  tropical  form,  with  a  high 
mortality;  in  some  places  fifty  per  cent.  At  the  same  time  the  disease 
spread  even  to  the  most  northern  parts  of  Russia  and  became  endemic 
at  Archangel.  It  should  be  stated  that  in  these  districts  at  that  time 
quinin  was  exceedingly  scarce  and  in  some  localities  could  not  be  ob- 
tained. 

Preventive  Measures, — The  oldest  method  of  personal  protection  from 
the  annoying  song  and  the  bite  of  the  mosquito  concerned  itself  wholly 
with  the  desire  of  the  individual  to  find  for  himself  comfort  and  rest. 
As  we  have  seen,  mosquito  nets  were  used  by  the  intelligent  long  before 
the  Christian  era.  Under  the  Latin  name  of  conopeum,  nets  were  em- 
ployed by  the  Greeks  and  Romans,  and  j^ossibly  by  still  more  ancient 
peoples.  While  some  of  the  most  observant,  even  in  ancient  times, 
apparently  suspected  that  the  moscpiito  might  be  the  bearer  of  infec- 
tion, it  was  not  this  suspicion  that  led  man  to  protect  himself  from 
this  pest  by  netting.  Through  all  the  centuries  this  method  of  protec- 
tion has  been  employed  more  or  less  generally,  and  today  it  remains 
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an  essential  to  the  traveler  wlio  visits  mosquito  ridden  countries.  It  is 
true  tliat  such  a  traveler  might  take  quinin  and  thus  render  himself 
immune  to  malaria,  but  the  quinin  in  his  blood  would  not  hush  the 
song  of  his  night  visitor  or  prevent  this  predatory  insect  feeding  on 
him.  In  the  daytime  in  malarious  countries  netting  is  worn  over  the 
face  and  neck,  while  the  hands  and  arms  are  protected  by  gloves.  It 
is  true  that  during  the  daytime  one  is  not  likely  to  be  bitten  by  anoph- 
eles, but  one  is  not  desirous  of  being  bitten  by  any  species  of  mosquito. 
The  mosquito  net,  however,  has  had  its  most  general  and  efficient  use 
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at  night  and  covers  bed  or  cot.  It  goes  without  saying  that  there  must 
be  no  holes  in  it;  that  it  should  not  hang  to  the  floor,  thus  enabling  mos- 
quitoes in  hiding  under  the  bed  to  enter  it,  nor  should  it  have  any  slit 
or  opening  in  it.  The  net  should  not  be  thick  enough  to  exclude  the 
air  and  still  must  be  fine  enough  to  keep  out  the  insects.  About  18 
threads  to  the  inch  furnish  the  best  mesh.  When  small  gnats  are  abun- 
dant the  texture  must  be  more  dense  and  is  best  made  of  muslin  or 
cambric.  It  should  be  stretched  rather  tightly,  inasmuch  as  when  al- 
lowed to  hang  in  folds  it  excludes  too  much  air.     From  the  bed-net  to 
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the  room-net  is  quite  an  adA'ance.  Mosquito  proof  rooms  large  enough 
to  hold  the  bed  or  cot,  a  small  table  and  a  chair,  are  now  offered  the 
traveler.  Mosquito  proof  tents  have  been  largely  advertised  and  may 
serve  a  purpose  in  warm  climates,  but  they  are  likely  to  be  torn  to 
pieces  by  winds  or  beaten  down  by  heavy  rains.  Fortunately,  it  has 
become  quite  the  fashion  and  the  custom  in  this  country  to  use  screening 
in  all  houses  during  the  summer  time.  This  excludes  not  only  mosqui- 
toes, but  other  disease  bearing  and  pestiferous  insects.  Verandas,  doors, 
and  windows  are  screened.  For  the  verandas  the  screens  are  station- 
ary and  if  made  of  the  proper  material  and  well  cared  for  will  last  for 
years,  especially  when  they  can  be  taken  down,  stored  away,  and  pro- 
tected against  the  inclemencies  of  winter  weather.  A  screened  veranda 
gives  comfort  and  protects  from  undesirable  insect  visitors,  both  day 
and  night.  It  was. found  on  the  Isthmus  of  Panama  where  all  screens 
must  remain  in  place  during  the  twelve  months  that  it  was  cheaper  to 
screen  the  verandas  than  to  screen  the  doors  and  windows  opening 
on  to  them.  Screened  verandas  permit  outdoor  living  both  day  and 
night  and  during  the  summer  time  constitute  the  most  enjoyable  part 
of  the  house.  Screen  doors  are  costly,  demand  some  skill  in  their  hang- 
ing, more  frequently  get  out  of  order,  and  still  more  frequently  through 
carelessness  are  allowed  to  stand  open.  Window  screens  are  relatively 
cheap,  easily  placed,  and  when  properly  cared  for  will  last  many  years. 
A  16-mesh  screen  will  exclude  anopheles  but  an  18-mesh  is  required  to  keep 
out  stegomyia.  It  is  possible  to  exclude  anopheles  with  a  14-mesh  screen, 
provided  it  is  carefully  painted,  thus  reducing  the  size  of  the  mesh  to 
about  No.  16.  If  wire  screens  are  painted  every  year  or  even  once  in 
two  years  and  care  is  employed  in  their  handling,  they  will  last  a  num- 
ber of  years.  As  we  have  stated  elsewhere,  Sambon  and  Low  lived  in 
one  of  the  most  malarial  sections  of  Italy  during  the  worst  season 
and  escaped  malaria  simply  by  taking  the  precaution  to  enter  their 
screened  cottage  before  sundown  and  not  to  leave  it  before  sun  up.  It 
should  be  remembered  that  for  absolute  protection  against  mosquitoes 
every  possible  port  of  entry  into  the  house  must  be  closed.  These  pestif- 
erous insects  will  find  their  way  through  large  key  holes  and  will  de- 
scend the  chimney,  entering  the  room  through  an  open  fireplace.  The 
throat  of  the  chimney  can  be  effectively  closed  by  packing  with  papers. 
In  some  instances  the  top  of  the  chimney  is  covered  with  sacking  and 
securely  fastened.  Wire  screens  might  be  used  for  this  purpose  and  it 
would  not  be  necessary  to  remove  these  when  a  fire  is  built. 

In   a   report   to    the    New   Jersey   Agricultural   Experiment    Station, 
Smith  makes  the  following  statement: 

"Adjustable,  folding,  or  sliding  screens  are  never  tight,  and  when  the  insects  really 
want  to  get  indoors  tliey  work  their  way  patiently  lietween  the  two  parts  of  tlie  screen 
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or  between  its  frames  and  the  window.  But  even  a  well-iitted  screen  either  sets  tightly 
into  the  frame  or,  running  like  a  sasli,  may  offer  leaks  when  a  window  is  only  partly 
opened.  There  is  abundant  opportunity  for  the  insect  to  get  in  between  the  net  and 
lower  cross  bar;  in  fact,  there  is  no  real  protection  at  all.  Where  the  netting  is  fixed 
to  the  outside  of  its  frame,  so  that  there  is  no  space  between  it  and  the  lower  part  of 
the  sash,  the  insects  nevertheless  find  their  way  in  between  the  window  sashes.  It  has 
been  already  said  that  the  mosquitoes  will,  in  certain  seasons,  attempt  to  make  their 
way  through  the  screens,  and  they  have  less  trouble  with  wire  netting  than  with  any 
other  because  the  meshes  are  even  in  size  and  the  strands  smooth.  Some  of  the  fabrics 
used  for  nettings,  specially  of  the  cheaper  grades,  have  threads  so  fuzzy  that  it  is 
simply  impossible  for  the  mosquitoes  to  make  their  way  through,  and  they  rarely  even 
try  it  except  where  there  is  a  tear,  or  where  the  threads  have  been  spread  apart  leaving 
an  unusually  large  opening.  Where  an  onslaught  is  made  on  wire  netting  it  can  be 
checked  by  painting  lightly  with  kerosene  or  oil  of  citronella.  I  have  tried  both  and 
found  them  successful. ' ' 

Not  infrequently  one  neglects  to  screen  cellar  and  attic  windows  and 
then  wonders  how  mosquitoes  find  their  way  into  the  house.  Whether 
they  reach  attic  windows  or  not  dejoends  upon  the  height  of  the  house, 
but  that  they  are  sure  to  find  their  way  into  cellar  windows  admits  of 
no  doubt.  They  are  especially  fond  of  the  semi-dark  corners  and  other 
hiding  places  found  in  the  cellar. 

Every  fisherman  has  his  special  ointment  with  which  he  anoints  his 
face  and  hands  when  he  goes  into  the  woods  in  search  of  trout.  Each 
is  confident  that  his  own  preparation  is  the  only  one  which  will  protect 
from  mosquitoes.  According  to  Celli,  the  workmen  in  southern  Italy 
rub  their  hands  and  faces  with  the  fats  of  certain  fishes  or  of  certain 
kinds  of  game,  or  wash  their  hands  and  faces  with  infusions  of  cer- 
tain plants,  such  as  quassia,  camomile,  etc.  Ross  mentions  oil  of  lav- 
ender, or  eucalyptus,  petroleum,  ammonia,  and  powdered  sandalwood, 
but  he  admits  that  these  are  not  always  efficacious.  Laveran  mentions 
sulphur,  petroleum,  a  mixture  of  tar  and  oil,  and  quassia,  but  adds  that 
his  own  experiences  were  unfavorable.  Fermi  and  Lumbau  tried  many 
substances  without  evidence  of  success.  Oil  of  citronella  is  used  largely 
in  this  country  and  a  mixture  consisting  of  one  ounce  of  this  oil,  one  ounce 
of  spirits  of  camphor,  and  one-half  ounce  of  oil  of  cedar,  has  been  largely 
used.  According  to  Howard,  a  few  drops  on  a  bath  tow^el  hung  over  the 
head  of  the  bed  will  keep  Culex  pipiens  away  for  a  whole  night.  The 
same  author  states  that  where  mosquitoes  are  persistent  a  few  drops  of 
this  rubbed  on  the  face  and  hands  will  suffice.  It  is,  however,  of  no 
value  in  protecting  against  the  bite  of  the  stegomyia.  According  to 
Howard,  fishermen  and  hunters  in  the  north  woods  will  find  that  a 
good  mixture  against  mosquitoes  and  black  flies  can  be  made  as  follows: 

''Take  2%  pounds  of  mutton  tallow  and  strain  it  while  hot;  %  pound  of  black  tar 
(Canadian  tar).     Stir  thoroughly  and  pour  into   the  receptacle  in  which  it  is  to   be 
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contained.     When  iioarly  cool  stir  in  3   ounces  of   oil  of  citioiiolla   and   l^/v.    ounces   of 
pennyroyal. ' ' 

In  regions  around  the  Black  and  Caspian  Seas  and  along  the  coast  of 
the  Mediterranean  a  powder  knoAvn  under  various  names,  as  Pyrethrum, 
Chrysanthemum,  Persian  Insect  Powder  or  Dalmatian  Insect  Powder, 
has  been  used  to  kill  insects.  This  powder  is  obtained  from  the  dried 
flowers  of  certain  species  of  the  genus  Chrysanthemum  which  gTOAVs 
al)undantly  in  the  Transcaucasia.  The  species  now  groAvn  commercially 
is  C.  roseum.  Howard  says  that  30  years  ago  it  was  considered  the  most 
valuable  export  of  Dalmatia.  The  essential  principal  consists  of  oleo- 
resins  and  the  ■strength  of  the  poAvder  disappears  with  age  or  exposure. 

Asiatic  and  European  species  of  these  plants  have  been  imported  into 
this  country  and  are  now  grown  in  California.  According  to  Howard, 
the  insect  poAvders  sold  in  the  shops  of  this  country  have  pyrethrum 
powder  as  a  base  but  are  largel}^  adulterated.  Under  the  United  States 
Insecticide  Act  of  1910  it  is  now  required  that  the  manufacturers  of 
insect  powders  indicate  on  the  label  the  composition  of  the  powder 
unless  it  is  made  from  the  flower  heads  of  the  folloAving  three  species: 
(1)  Chrysanthemum  cinerariaefolium ;  (2)  C.  roseum;  (3)  C.  marshallii. 
These  powders  are  bloAvn  into  crevices  frequented  by  insects  or  are 
throAvn  into  the  air  of  a  room  in  Avhich  there  are  mosquitoes  or  flies. 
It  is  a  common  practice  to  heap  the  poAvder  into  a  pyramid  which  is 
lighted  at  the  top  and  burned  sloAvly,  giving  off  a  dense  and  pungent 
smoke.  In  recent  years  pastilles  are  molded  from  these  poAvders  and 
are  sold  in  mosquito  countries.  It  is  a  highly  efficient  method.  It  does 
not  actually  kill  all  the  mosquitoes,  but  it  paralyzes  or  stupefies  them 
causing  them  to  fall  to  the  floor  Avhere  thcA^  may  be  SAvept  up  and 
burned.  It  is  not  possible  to  get  good  results  in  clearing  a  room  of 
insects  Avith  these  powders  unless  doors  and  AvindoAvs  are  tightly  closed. 
The  burning  poAvder  gi\^es  off  a  pungent  but  to  most  people  not  a  dis- 
agreeable odor.  There  is  a  method  of  A^aporizing  its  A^olatile  oils  Avithout 
actually  burning  the  poAA'der.  This  is  done  by  placing  the  poAvder  on  a 
metal  screen  al)ove  the  chimney  of  a  kerosene  lamp  and  so  regulating 
the  distance  that  the  heat  A^olatilizes  the  oils  AA'itliout  burning  the  poAA'- 
der.  HoAA'ard  states  that  he  is  in  the  habit  of  puffing  the  poAvder  from 
an  insufflator  into  a  burning  gas  jet.  Pyrethrum  poAA-der  undoubtedly 
is  of  A^alue  as  a  means  of  clearing  liA'ing  rooms  of  mosquitoes.  It  has 
been  used  extensively  in  the  fumigation  of  houses  in  epidemics  of  yelloAv 
fcA^er ;  also  to  kill  hibernating  mosquitoes  of  all  kinds  in  cellars,  pan- 
tries, etc.  The  NeAv  Orleans  Board  of  Health  for  a  time  recommended 
this  method  of  disinfecting  rooms  during  yelloAV  fcA^er  epidemics.  The 
Board  required  at  first  the  burning  of  four  ounces  and  later  one  pound 
for  cA'cry  1,000  cubic  feet.     Finally,  hoAA-ever,  the  Board  AvithdrcAV  the 
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authorization  of  this  use  of  the  powder,  because  the  fumes  do  not  kill 
the  mosquitoes  but  simply  stupefy  them.    Howard  says: 

"Nevertheless,  on  account  of  the  fact  that  the  fumes  are  not  noxious  to  human 
beings,  there  still  remains  a  decided  use  for  pyrethrum  in  every  day  work  in  mosquito 
inhabited  regions. ' ' 

During  the  outbreak  of  yellow  fever  in  New  Orleans  in  1905  a  chem- 
ist of  that  city  recommended  as  a  fumigant  a  mixture  of  equal  parts  by 
weight  of  carbolic  acid  crystals  and  gum  camphor.  The  crystals  were 
melted  at  a  gentle  heat  and  slowly  poured  over  the  gum,  resulting  in  the 
preparation  of  a  volatile  liquid  with  an  agreeable  odor.  In  fumigation 
work  three  ounces  of  this  is  volatilized  over  a  lamp  for  every  1,000 
cubic  feet  of  space.  According  to  Berry,  this  preparation  ranks  next 
to  sulphur  as  an  insecticide  in  joractical  fumigation.  A  more  thorough 
study  by  Francis  led  to  the  conclusion  that  the  fumes  do  not  penetrate 
readily  and  that  large  amounts  of  the  compound  are  required  to  obtain 
satisfactory  results. 

Under  the  name  of  Pyrofume,  McCormack  of  Mobile,  has  prepared 
by  fractional  distillation  from  pine  wood,  as  a  by-product  in  the  manu- 
facture of  turpentine,  a  fumigant  for  mosquitoes.  Francis,  of  the  Pub- 
lic Health  Service,  in  1906,  made  a  very  favorable  report  on  this  insecti- 
cide, but  for  some  reason  it  is  not  largely  used. 

Sulphur  dioxid  remains  the  most  efficacious  volatile  insecticide.  It 
is  used  in  the  ordinary  way  well  known  for  general  disinfection  pur- 
poses. In  the  1905  epidemic  of  yellow  fever  in  New  Orleans  it  was  em- 
ployed in  the  proportion  of  one  pound  to  every  500  cubic  feet  of  space. 
Rosenau  found  that  even  when  present  in  the  air  in  small  quantities  it 
kills  mosquitoes  and  is  quite  as  effective  when  dry  as  when  moist.  It 
has  an  unusual  penetrating  power  and  was  found  to  kill  mosquitoes 
hidden  under  four  layers  of  toweling  after  an  exposure  of  one  hour. 
According  to  the  same  author,  sulphur  dioxid  must  be  considered  as 
holding  first  rank  in  disinfection  against  all  mosquito-borne  diseases. 
Formaldehyd  gas  has  been  tried  and  even  recommended,  but  it  was 
demonstrated  soon  after  this  gas  came  into  use  as  a  disinfectant  that 
its  insecticide  properties  are  very  feeble.  It  does  not  compare  at  all 
favorably  with  sulphur  dioxid." 

According  to  Celli,  tobacco  smoke  is  the  most  efficient  volatile  culi- 
cide.  However,  as  we  know  from  observation,  while  smoking  may  give 
partial  relief  from  the  persecution  of  the  mosquito  to  the  smoker,  it  is 
not  possible  to  use  this  agent  in  ridding  a  room  of  these  insects.  The 
amount  of  smoke  necessary  to  do  this  would  be  sufficient  to  thoroughly 
sicken  the  confirmed  smokers  in  the-  room. 

The  volatilization  of  mercuric  chlorid,  25  grams  per  1,000  cubic  feet 
of  space,  has  been  advised.     Experimentally,  this  procedure  has  been 
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fairly  successful.  It  is  said  that  the  vapors  are  without  visible  effect  on 
man.  However,  when  we  remember  that  mercury  may  in  relatively 
small  amounts  produce  chronic  poisoning,  we  are  inclined  to  think  it 
the  part  of  wisdom  to  still  prefer  the  old-fashioned  disinfection  with 
sulphur  dioxid. 

The  Use  of  Petroleum. — Oiling  waters  prevents  the  development  of 
mosquito  larvae,  because  it  cuts  off  the  air  supply.  The  oil  forms  on 
the  water  a  scum  through  which  the  larvae  cannot  breathe.  In  select- 
ing an  oil  for  antimosquito  purposes  it  should  be  borne  in  mind  that  the 
best  kind  will  be  that  which  spreads  rapidly  over  the  water  and  does 
not  evaporate  too  quickly.  The  grade  of  petroleum  generally  known  in 
this  country  as  "light  fuel  oil"  has  been  most  commonly  employed. 
Probably  this  is  best  known  as  "kerosene."  An  ounce  of  kerosene  it 
is  said  will  cover  15  square  feet  of  water  surface  with  a  film  sufficient 
to  effectively  destroy  the  larvae,  and  if  it  is  not  disturbed  will  remain 
effective  for  about  ten  days.  Kerosene  may  be  applied  to  marshes  and 
pools  by  means  of  pumps  or  by  hand  sprays.  On  the  Canal  Zone  the 
kerosene  was  carried  in  a  tank  on  the  back  of  the  laborer  and  was 
thrown  from  a  nozzle  which  he  carried  in  his  hand,  much  after  the  man- 
ner that  the  Hun  in  later  years  used  his  flame  thrower.  On  small  ponds 
and  pools  the  kerosene  can  be  distributed  from  a  watering  pot.  It  is 
evident  that  the  removal  of  vegetation  from  breeding-places  before  oil- 
ing is  desirable.  If  there  be  much  aquatic  vegetation  there  is  great 
waste  in  oiling  inasmuch  as  a  large  part  of  the  oil  floats  on  the  plants, 
and,  besides,  a  uniform  pellicle  does  not  result.  If  there  be  floating 
vegetable  debris  in  the  water  the  oil  will  adhere  to  it  and  may  be  moved 
even  by  moderate  winds  and  leave  unprotected  surfaces  of  water  in 
which  the  larvae  may  breed. 

Experiments  have  been  made  with  the  desire  to  ascertain  what  oils 
are  best  in  antimosquito  work.  Cheapness,  tendency  to  spread  evenly, 
and  slowness  in  evaporation,  are  desirable  points.  An  oil  made  from 
corn  has  been  tried  but  it  has  been  found  not  to  compare  favorably 
either  in  cost  or  effectiveness  Avith  kerosene.  The  present  (1922)  high 
cost  of  all  grades  of  petroleum  is  limiting  the  use  of  oils  in  the  exter- 
mination of  mosquitoes  and  is  turning  attention  more  forcibly  to  the 
advantages  of  top  minnows. 

Larvicides. — On  the  Canal  Zone,  Gorgas,  after  abundant  experience 
with  these  agents,  concluded  that  there  is  nothing  as  yet  known  that  is 
perfectly  satisfactory.  He  states  that  an  ideal  larvicide  should  possess 
the  following  properties:  (a)  Low  cost,  (b)  Abilit^^  to  affect  and  kill 
mosquito  larvae  promptly,  the  more  promptly  the  better.  It  must  be 
effective  in  both  still  and  running  water,  (c)  The  ability  to  dissolve, 
diffuse,  and  mix  with  water  Avhen  applied  to  only  one  part  thereof.    It 
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must  retain  its  larvicidal  properties  for  a  week  or  more,  the  longer  tlie 
more  valuable  it  is.  (d)  Diffusibility  through  water  containing  aquatic 
vegetation  and  vegetable  debris.  (e)  Ability  to  kill  green  algae 
promptly,  (f)  It  should  kill  mosquito  larvae  and  pupae  promptly  in 
dilutions  of  1-5,000.  (g)  It  must  not  be  poisonous  to  man  or  animals  in 
solutions  of  1-1,000.  (h)  It  should  so  change  the  color  of  the  water  or 
give  off  a  distinct  odor  so  that  people  will  not  use  the  water  for  drink- 
ing purposes,  (i)  The  odor  must  not  be  so  obnoxious  as  to  make  it  un- 
desirable near  habitations,  (j)  It  should  have  a  safe  flash-test  and  be 
nonexplosive.  (k)  It  should  be  sufficiently  stable  so  that  it  may  be 
kept  standardized. 
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Antimosquito  Measures  Employed  in  Havana. — For  the  sake  of  brev- 
ity we  shall  include  here  the  destruction  of  both  the  stegomyia  and  the 
anopheles.  Since  the  discovery  of  Cuba  by  Columbus  yellow  fever  has 
been  known  as  the  curse  of  this  island.  For  at  least  150  years  this  dis- 
ease had  been  endemic  in  Havana,  from  which  port  it  frequently  made 
excursions  into  the  southern  United  States.  Improved  drainage  and 
other  sanitary  measures  reduced  the  total  death  rate  in  this  city  from 
100  per  1,000  in  1898  to  22  per  1,000  in  1902.  However,  this  reduction 
was  due  more  largely  to  decreased  immigration  rather  than  to  meas- 
ures employed.  Yellow  fever  prevailed  in  the  metropolis  of  Cuba  in 
direct  proportion  to  the  number  of  nonimmune  population,  and  in  1900 
there  was  a  severe  epidemic.  When  Gorgas  took  charge  of  this  work 
the  following  species  of  mosquitoes  were  found  to  be  abundant  in  the 
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city;  S.  calopiis,  C.  quinquefasciatus,  and  A.  albimanus.  The  first  bred 
almost  exclusively  in  the  rain-water  collections  within  the  city.  The 
second  bred  everywhere,  and  the  third  bred  in  j)ools  and  puddles  in  the 
suburbs,  especially  in  those  protected  by  grass.  Gorgas  organized  two 
mosquito  brigades,  one  to  take  care  of  the  stegomyia  and  the  other  of 
the  anopheles.  The  stegomyia  brigade  was  confined  to  the  city,  which 
was  divided  into  districts  of  1,000  houses  each.  Each  brigade  consisted 
of  an  inspector  and  two  laborers.  The  mayor  issued  an  order  requiring 
all , collections  of  water  to  be  so  covered  that  mosquitoes  could  not  have 
access,  a  fine  being  imposed  upon  those  who  neglected  to  obey  this  order. 
The  city  supply  consisted  of  hard  water,  nearly  every  family  collecting 
rain  water  in  barrels.  In  the  tenement  houses  each  family  had  a  water- 
barrel.  The  brigade  covered  these  barrels  with  screens,  permitting  an 
opening  for  the  gutter  to  discharge  into  the  barrel,  and  placed  a  spigot 
near  the  bottom  through  which  the  water  could  be  drawn.  Nearly 
every  house  in  Havana  had  a  cesspool.  Into  these,  the  inspector  poured 
from  four  to  six  ounces  of  petroleum  and  when  the  cesspool  was  not 
accessible  the  petroleum  was  poured  into  all  closets  connected  with  it. 
Barrels  of  fresh  water  found  after  a  time  not  to  conform  to  the  law 
were  emptied  and  the  owner  reprimanded.  On  evidence  of  renewed 
negligence  he  was  fined.  In  January,  1901,  there  were  found  26,000 
fresh  water  receptacles  containing  mosquito  larvae.  In  January,  1902, 
this  number  had  been  reduced  to  less  than  400.  The  stegomyia  prac- 
tically disappeared  and,  for  the  first  time  in  its  history,  the  city  was  free 
from  yellow  fever. 

So  far  as  the  adult  mosquito  was  concerned  the  only  attention  given 
to  it  was  by  screening  and  by  the  fumigation  of  quarters  in  which  yel- 
loAV  fever  cases  were  found.  Every  case  of  yellow  fever  was  carefully 
screened  against  the  admission  of  mosquitoes. 

The  anopheles  brigade  consisted  of  from  50  to  300  men  and  did  its 
work  along  the  small  streams,  in  the  irrigated  gardens,  and  in  other 
places  where  water  might  collect  in  the  suburbs.  No  great  engineering 
skill  was  required.  The  natural  streams  and  gutters  were  cleared  of 
obstructions  and  grass,  and  superficial  ditches  were  dug  so  as  to  drain 
the  irrigated  lands.  Pools  of  every  size  and  description  were  obliterated. 
There  was  but  little  need  for  the  employment  of  petroleum  in  this  work. 
After  a  year  it  Avas  rare  to  find  mosquito  larvae  of  any  kind  either  in  city 
or  suburbs.  In  1900,  the  year  before  this  work  was  begun,  there  were 
325  deaths  from  malaria.  Today  Havana  is  practically  free  from  both 
malaria  and  yellow  fever. 

Measures  Employed  on  the  Canal  Zone. — Gorgas,  who  had  done  such 
splendid  work  in  Havana,  was,  fortunately,  selected  as  chief  sanitary 
officer  of  the  Canal  Zone  when  the  United  States  undertook  the  digging 
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of  the  Canal.  In  the  cities  of  Colon  and  Panama  the  conditions  were 
much  the  same  as  had  existed  in  Havana  and  the  procedure  adopted 
was  similar.  Upon  first  inspection  in  March,  4,000  breeding-places  were 
discovered  in  the  city  of  Panama  alone.  Within  less  than  one  year  this 
number  had  been  reduced  to  less  than  one-tenth.  In  Colon  and  in  the 
Anllages  between  the  two  cities  the  same  kind  of  work  was  carried  out 
so  far  as  the  stegomyia  is  concerned.  It  is  now  universally  admitted  that 
the  French  failure  to  build  the  Panama  Canal  was  not  on  account  of  lack 
of  engineering  skill,  but  because  at  that  time  they  did  not  know  how  to 
deal  with  the  mosquito.  We  have  no  figures  showing  the  losses  from 
yellow  fever  and  malaria  experienced  by  the  French  and  their  em- 
ployes. The  contractors,  of  whom  there  were  17,  were  charged  $1  a 
day  for  every  sick  man  taken  care  of  in  the  hospital.  It  was,  therefore, 
to  the  interest  of  these  contractors  to  discharge  the  sick  as  soon  as 
possible.  Gorgas  thinks  that  there  were  more  deaths  among  employes 
outside  the  hospital  than  in  it.     Many  died  on  the  roadside  while  en- 

MALAKIA  MORTALITY     AND    THE!    BUILDING    OF    THE. 
PANAMA     CANAL 

EATE    F=E15    100,000      EmPLQ-V^S 


1881  -  1890       FeENCH  CONSTBUCTIOM-1509 

1905-1'310        EaEIJY     AMEliarCAN EB9 

1911-  1916        EeICEUsIT     AmEEICAN 40 


F= 


T>o.ia.  from     PrudGn+.<xl     Io5or-c>oce   Co.  of  Aroericn 
Fig.    41. 

deavoring  to  reach  either  Panama  or  Colon.  The  superintendent  of  the 
old  French  hospital  states  that  in  one  day  three  of  his  medical  staff 
died  of  yelloAv  fever  and  in  one  month  nine.  Of  36  Catholic  sisters 
brought  over  as  nurses  24  died  of  yellow  fever.  One  A^essel  brought 
over  from  France  18  young  engineers  and  Avithin  a  month  after  their 
arrival  all  but  one  had  died.  Under  the  Gorgas  administration,  doc- 
tors with  their  families  and  the  nurses,  all  nonimmunes,  lived  in  peace 
and  comfort  and  remained  healthy  in  their  well  screened  houses.  In- 
dividuals sick  from  some  other  disease  had  no  fear  of  lying  in  bed  with 
a  yellow  fever  patient  on  the  next  cot.  The  children  of  the  medical  and 
other  officers  maintained  their  health  and  grew  at  a  normal  rate  and 
were  quite  as  safe  as  they  would  have  been  in  Washington. 

Le  Prince,  who  was  chief  sanitary  inspector  of  the  Panama  Canal 
Zone  under  General  Gorgas,  has  given  us  an  account  of  the  contest  with 
anopheles  in  that  region.  This  mosquito  gave  much  more  trouble  and 
was  reduced  in  numbers  with  greater  difficulty  than  the  stegomyia. 
Every  known  antimosquito  method  was  used  in  the  warfare  with  this 
insect.     The   screening   of  buildings   was   found   to   be   of   great  impor- 
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tance,  but  even  this  was  difficult  to  maintain  in  proper  condition  where 
ignorant  laborers  were  concerned.  The  officers  could  protect  themselves 
and  their  families  by  living  in  carefully  screened  houses.  The  nurses 
and  patients  were  safe  in  the  wards  of  the  well  protected  hospitals, 
but  the  unskilled  laborers,  many  of  whom  were  ignorant  West  Indian 
negroes,  were  quartered  in  the  native  villages,  lived  in  tents  that  had 
to  be  frequently  moved,  and  sometimes  slept  in  box  cars.  Protection 
against  mosquitoes  under  these  conditions  was  a  difficult  problem. 

Gorgas  states  that  his  chief  antimalarial  work  was  rural,  along  a  strip 
of  land  extending  through  the  47  miles  between  Panama  and  Colon.  In 
this  area  there  were  about  80,000  people  living  within  half  a  mile  of 
the  railroad  and  occupying  some  30  villages  and  camps  with  more  or 
less  isolated  houses  scattered  between.  The  47-mile  strip  along  the 
railroad  was  divided  into  18  districts  and  each  placed  under  the  charge 
of  an  inspector  whose  duties  consisted  in  carrying  out  the  sanitary  work 
of  his  district.  Each  inspector  had  at  his  disposal  about  50  men.  Gorgas 
estimates  the  importance  of  antimalarial  work  which  he  did  as  follows: 
(1)  Drainage.  (2)  Brush  and  grass  cutting.  (3)  Oiling.  (4)  Use  of 
larvicide.  (5)  Prophylactic  quinin.  (6)  Screening.  (7)  Killing  mos- 
quitoes in  quarters. 

In  many  localities  drainage  was  exceedingly  difficult.  On  the  Zone 
the  rainy  period  continues  for  seven  or  eight  months.  The  dense  vege- 
tation prevents  evaporation  of  surface  water  to  a  large  extent  and  most 
of  the  ditches  contain  water  throughout  the  wet  season  and  partially 
during  the  dry  season.  Bains  during  certain  seasons  were  almost  daily, 
occurring  26  days  out  of  the  30.  Under  these  conditions  it  was  difficult 
to  keep  open  ditches  free  from  vegetation,  and  especially  from  the 
rapid  growth  of  algae.  It  was,  therefore,  necessary  to  resort  to  open 
ditches  only  when  subdrainage  was  impossible.  The  rains  helped  to 
clean  out  the  open  ditches  and  to  remove  larvae,  but  heavy  storms  filled 
the  ditches  or  obliterated  them  entirely.  When  of  necessity  open  ditches 
were  resorted  to  they  were  laid  out  on  strict  grade  and  lined  with  stone 
held  in  place  by  concrete.  These  ditches  were  in  section  a  fiat  ''V." 
The  cost  of  maintaining  open  ditches  was  greater  when  they  were  not 
lined  with  stone.  In  certain  sections  there  was  much  seepage  water 
creeping  out  from  the  hillsides  and  keeping  the  lower  levels  most  fit 
for  mosquito  breeding.  In  these  instances  subdrainage  was  found  far 
superior  in  every  way  to  open  ditches.  It  was  much  more  economical 
in  the  end  than  any  other  method  employed.  The  open  joints  between 
the  tiles  were  about  one-eighth  of  an  inch  and  the  tiling  was  covered 
Avith  pieces  of  field  stone  from  four  to  six  inches  in  diameter.  With 
such  tiling  the  fiow  of  water  in  the  drain  carries  the  fine  silt  which 
enters  through  the  joint,  provided  that  the  grade  is  about  one  per  cent 
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for  six-inch  tile  and  not  less  than  one-half  of  one  per  cent  for  ten-inch 
tile.  When  the  ditches  were  dug  the  soil  removed  was  thrown  on  the 
lower  side  of  the  ditch.  It  was  necessary  to  keep  the  outlets  of  the  tile 
cleared  at  all  times.     Gorgas  states : 

' '  The  porous  subsoil  pipes  give  a  perfect  antimalarial  drainage.  Besides  doing  away 
with  all  breeding-places,  they  enable  you  to  use  a  horse  mower  on  the  ground  so  drained, 
and  thus  much  cheapen  the  cost  of  subsequent  grass  cutting.  We  use  the  open  con- 
crete ditch  in  localities  where  subsoil  drainage  is  not  practicable,  such  as  flat  places 
where  the  fall  is  not  sufficient,  and  small  natural  rills  where  the  volume  of  water  is 
too  large  for  subsoil  drainage,  etc.  The  objection  to  this  style  of  ditch  as  compared 
with  the  subsoil  is  that  it  requires  supervision  for  the  purpose  of  keeping  it  free.  Any 
obstacle  in  the  ditch  will  make  a  small  collection  of  water,  which  in  this  warm  climate 
will  breed  mosquitoes  at  any  time  of  the  year.  Open  ditches  we  used  onJy  when  the 
occupancy  is  going  to  be  temporary,  not  more  than  two  years.  While  the  first  cost  is 
smaller  than  in  either  of  the  other  class  of  ditches,  the  ultimate  cost  is  very  large.  In 
a  locality  such  as  Panama,  vegetation  grows  so  rapidly  that  the  ditches  have  to  be 
cleared  out  at  least  once  a  month,  and  when  clean  they  will  breed  larvae  unless  treated 
with  larvicide. ' ' 

Each  inspector  was  required  to  drain  all  pools  within  200  yards  of 
villages  and  within  100  yards  of  individual  houses.  Within  the  same 
areas  all  tropical  undergrowth  had  to  be  kept  cut.  Gorgas  considered 
this  scarcely  less  important  than  the  drainage,  because  brush  and  grass 
shelter  the  adult  mosquito  and  the  insect  reaches  a  habitation  from 
distant  breeding-places  by  short  flight  so  long  as  it  can  have  continu- 
ous protection  of-  vegetation.  Moreover,  the  evaporation  of  surface 
water  is  largely  increased  by  the  removal  of  vegetation. 

On  large,  low-lying,  damp  places  where  drainage  was  impossible  it 
was  necessary  to  use  a  larvicide  freely.  Le  Prince  gives  the  following 
method  of  preparing  the  larvicide  found  most  efficient: 

"Crude  carbolic  acid,  containing  about  15  per  cent  of  phenol,  is  heated  to  212°  F., 
finely  pulverized  resin  is  added  and  the  mixture  kept  boiling  until  the  resin  is  all  dis- 
solved. Caustic  soda  is  then  added,  and  the  solution  kept  at  212°  F.  for  about  ten 
minutes,  or  until  a  perfectly  dark  emulsion  without  sediment  is  obtained.  The  mixture 
is  thoroughly  stirred  from  the  time  the  resin  is  added  until  the  end.  As  the  composi- 
tion of  crude  carbolic  acid  varies  greatly,  the  proportion  of  ingredients  of  the  larvicide 
will  vary,  and  it  is  necessary  to  have  small  experimental  lots  made  in  the  laboratory,  and 
tested  before  the  batch  of  larvicide  for  use  in  the  field  is  manufactured.  The  average 
mixture  is  about  as  follows: — 300  gallons  crude  carbolic  acid;  200  pounds  resin;  30 
pounds  caustic  soda. ' ' 

It  was  found  that  one  part  of  this  mixture  placed  in  5,000  parts 
of  water  containing  mosquito  larvae  kills  in  less  than  five  minutes,  while 
one  part  to  8,000  kills  in  30  minutes.  In  lagoons  and  ponds  after  the 
removal  of  the  vegetation  so  far  as  possible  from  the  edges,  this  larvicide 
was  introduced  in  sufficient  quantity  to  prevent  breeding.  In  larger 
bodies  of  water  dead  vegetable  matter  is  sometimes  driven  into  wind- 
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rows  and  in  these  mo.s<initoes  deposit  tlieir  eggs.  All  siicli  accumnla- 
tions  must  be  removed.  The  larvicide  was  distributed  from  knapsack 
sprayers,  and  each  laborer  could  carry  with  him  enough  to  occupy  sev- 
eral hours  of  his  time  in  spraying. 
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Le  Prince  makes  the  following  statement  concerning  the  use  of  oil : 

' '  111  long  running  streams  and  open  ditclie.s  where  antimalarial  work  is  being  done 
crude  petroleum  may  be  \ised,  and  it  is  more  effective  when  applied  automatically. 
Should  the  quantity  of  running  water  be  small,  so  that  not  much  oil  is  needed,  then  a 
handful  of  cotton  waste  tied  in  a  biuidle  is  soaked  in  oil  for  a  day,  and  then  placed 
near  whei'e  the  water  outcrops.  The  water  iiassing  by  this  waste  becomes  covered  with 
a  very  fine  film  of  oil.     The  waste  gives  off  oil  film  for  about  10  to  14  dnys  and  is  then 
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resoaked  in  oil  and  used  again.  For  larger  bodies  of  water  having  fair  velocity,  drip 
cans  or  drip  barrels  are  used  and  should  be  located  two  feet  above  the  water  surface  to 
break  up  the  oil  drops  as  they  fall.  They  are  made  as  follows: — a  piece  of  metal  similar 
to  that  of  a  flat  wick  lamp  that  holds  the  flat  wick  is  fastened  to  the  barrel  or  can  near 
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its  base.  This  wick  chamber  is  made  somewhat  larger  than  tlie  wick,  so  that  the  wick 
may  fit  it  loosely  when  saturated  with  fuel  oil.  The  space  inside  the  barrel,  between 
the  wick  chamber  and  the  bottom  of  the  barrel,  is  filled  with  a  solution  of  caustic  soda 
or  larvieide.  As  the  oil  passes  along  the  wick  it  comes  in  contact  with  the  caustic 
soda  and  is  cut  or  rendered  thinner.     This  prevents  the  wick  from  becoming  clogged  by 
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the  thick  fuel  oil.     The  wicks  seldom   clog,  but  in  case  such  occurs  some  larvicide  is 
dropped  on  the  wick.     This  cleans  it,  and  makes  it  as  serviceable  as  before. ' ' 

There  were  21  dispensaries  along  the  line  and  all  of  these  distributed 
quinin  gratis.  It  was  placed  on  all  hotel  and  mess  tables.  Besides  these 
methods  of  distribution,  there  was  in  each  district  a  quinin  dispenser 
who  spent  his  time  going  from  squad  to  squad  and  offering  everybody 
a  dose,  allowing  each  to  choose  whether  he  should  take  it  in  pill  form  or 
in  solution.  There  was  no  attempt  to  compel  the  taking  of  quinin.  The 
annual  use  of  quinin  amounted  to  about  3,200  pounds,  one-third  of  which 
went  to  the  employes.  G-orgas  estimates  that  about*  one-half  the  force 
received  a  prophylactic  dose  of  quinin  each  day.  In  addition  to  the 
above-mentioned  measures,  it  was  found  profitable  to  have  certain  men 
engaged  all  day  in  killing  adult  mosquitoes  in  the  tents,  box  cars,  and 
houses  in  which  the  laborers  slept.  These  mosquito  killers  went  from 
tent  to  tent  or  house  to  house  and  destroyed  all  the  mosquitoes  found 
resting  within.  This  killing  Avas  done  by  inverting  a  test  tube  contain- 
ing cotton  soaked  in  chloroform  over  the  resting  mosquito.  This  was 
regarded  as  a  supplementary,  but  a  justifiable,  procedure. 

Measures  Employed  in  Rio  de  Janeiro. — The  physical  and  social  con- 
ditions in  this  city  were  adverse  to  sanitary  measures  when  the  work 
of  eradicating  yellow  fever  and  reducing  malaria  was  undertaken  in 
April,  1903.  At  that  time  the  city  had  a  population  of  more  than  800,000 
and  covered  430  square  miles.  Its  topography  is  irregular,  varying  in 
altitude  from  1  to  460  meters  above  sea  level.  It  had  a  mixed  popula- 
tion from  all  parts  of  the  world,  including  many  of  the  lowest  classes,  and 
occupying  82,396  houses.  The  Government  made  an  annual  appropriation 
of  $1,650,000  for  the  work.  The  personnel  consisted  of  one  chief  admin- 
istrator, one  customs  inspector,  one  accountant,  seventy  medical  stu- 
dents, nine  subchiefs,  two  hundred  overseers,  eighteen  guards  of  the 
first  class,  eighteen  guards  of  the  second  class,  and  about  a  thousand 
workmen.     Cruz  has  reported  on  this  work  as  follows : 

' '  Yellow  fever  cases  were  made  known  to  the  sanitary  inspectors  by  the  reports 
of  medical  assistants,  of  the  head  of  the  family  in  which  a  case  occurred,  or  by  any 
one  to  whom  the  facts  of  the  case  were  known,  in  accordance  with  the  requirements  of 
the  law.  The  sanitary  service  being  advised,  a  competent  group  of  inspectors  and 
authorities  was  at  once  dispatched  to  the  locality,  having  with  them  a  physician.  .  The 
latter  ascertained  if  the  case  was  one  for  isolation  treatment  (whether  under  or  over 
four  days  after  the  onset  of  the  disease),  and  if  the  case  required  isolation  the  same  was 
earned  out  either  in  the  dwelling-house  or  in  the  hospital,  hospital  treatment  being  re- 
sorted to  only  when  the  dwelling  was  unsuited  to  isolation  treatment  or  when  the  pa- 
tient wished  it.  In  such  cases  the  patient  was  taken  to  hospital  in  a  vehicle  closed 
against  the  enti-ance  of  mosquitoes  and  the  house  was  disinfected  in  accordance  with  the 
system  below  outlined.  In  the  case  of  isolation,  in  the  home  the  physician  chose  a 
roomy  quarter  of  the  house,  with  a  door  opening  into  another  secluded  part  of  the 
house  and  witli   windows.     If   there  were  more   than   one   door,   the   others  were   tem- 
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poTarily  closed.  The  patient  was  kept  under  a  netting  enveloping  the  bed  upon  which 
he  lay  during  the  time  permanent  quarters  were  being  arranged.  The  doors  and  windows 
of  the  room  to  be  isolated  and  of  the  rest  of  the  house  as  well  were  sealed  to  prevent  the 
exit  of  mosquitoes  existing  there,  the  windows  of  the  isolated  room  being  fitted  with  wire 
screens  in  such  a  way  as  not  to  interfere  with  ventilation,  all  other  openings  to  the 
outside  or  to  other  parts  of  the  house  being  sealed  with  cloth  or  paper.  The  only  door 
to  be  used  in  the  use  of  the  room  must  be  specially  fitted  with  a  double  door  di-uni, 
provided  with  an  arrangement  which  does  not  permit  of  both  doors  being  opened  at 
the  same  time.  This  apparatus  prevents  the  entrance  and  exit  of  mosquitoeSj  and 
after  the  room  is  thus  prepared  the  doors  and  windows  are  closed  and  camomile  is 
burned  in  the  room  three  to  four  hours  in  the  proportion  of  ten  grams  per  cubic  meter 
of  space.  The  room  is  then  well  ventilated  and  is  ready  to  receive  the  patient.  The 
rest  of  the  house  is  well  calked  and  isolated  from  the  room  in  wliich  the  patient  is 
placed  and  disinfected  with  sulphur  gas,  as  below  indicated.  During  this  operation 
the  sanitary  inspector  remains  in  the  room  with  the  patient  and  stops  the  entrance  of 
any  g^as  which  may  possibly  find  its  way  through  some  overlooked  crevice.  During 
the  preparation  for  disinfection  the  sanitary  authorities  make  a  thorough  inspection 
and  destroy  any  mosquito  larva  they  find,  pick  up  or  destroy  any  vessels  lying  about 
which  might  serve  as  a  receptacle  for  mosquito  breeding-water  and  close  water  boxes 
against  the  same  danger.  The  jjatient  remains  in  isolation  for  seven  days,  after  which 
isolation  will  terminate,  if  the  family  so  wishes.  Tlie  infected  district  is  then  treated 
as  above  indicated;  that  is,  by  disinfection,  sanitary  policing,  and  medical  supervision. 
Disinfection  is  carried  on  in  two  ways,  one  force  working  from  the  center  toward  the 
outer  limits  of  the  district  and  the  other  from  the  boundaries  of  the  district  inward. 
The  area  of  infection  being  determined  over  as  large  an  area  as  possible,  these  two 
sections  separate,  one  of  which  begins  immediately  with  the  house  in  which  the  case 
of  yellow  fever  occurred,  the  other  beginning  at  those  houses  which  might  possibly 
have  been  infected  at  the  greatest  possible  distance  from  the  case  in  isolation.  The 
I)urpose  of  such  a  system  was  to  destroy  all  mosquitoes  which  might  have  carried  in- 
fection withiu  the  district.  While  the  disinfecting  force  is  thus  at  work  the  police 
division,  under  the  direction  of  a  physician  and  of  students  who  direct  the  different 
sections,  operates  throughout  the  infected  district,  making  every  effort  to  destroy  all 
mosquito  larvae  and  to  prevent  the  possible  breeding  of  mosquitoes  outside  as  well  as 
inside  the  houses.  Where  larvae  are  likely  to  exist  in  stagnant  water  or  refuse  of  any 
sort,  petroleum  mixed  with  creolin,  lysol,  or  similar  products,  is  thrown  over  the  water 
or  refuse  in  sufficient  quantity  to  kill  the  larvae  instantly.  Where  it  is  impossible  to 
use  petroleum,  as  in  the  case  of  tanks  and  boxes  for  household  use,  a  small  fish,  the 
'  banigudo '  or  '  Girardinus  caudimaculatus '  is  placed  in  large  numbers  in  the  water. 
The  fish  destroy  the  larvae  of  mosquitoes  most  voraciously.  Larvae  in  the  drains  are 
destroyed  by  the  use  of  Clayton  gas,  which  is  pumped  into  the  sewer,  which  has  been 
j)reviously  divided  into  compartments.  Simultaneously  with  the  disinfection  the  sani- 
tary inspectors  make  daily  inspection  of  the  suspected  district,  examining  every  in- 
habitant supposed  not  to  be  immune;  that  is,  children  under  five  and  all  foreigners  of 
less  than  five  years'  residence  in  Rio.  These  are  subjected  to  the  closest  vigilance,  being- 
placed  in  isolation  at  the  least  tendency  to  rising  temperature.  Reports  are  made  in 
writing,  those  to  whom  this  duty  falls  being  required  to  fill  out  daily  a  bulletin  sent 
out  by  the  medical  inspector  to  the  chief  of  each  district.  In  this  report  must  be  given 
the  record  of  any  who  work  outside  the  district  or  who  for  any  reason  absent  them- 
selves therefrom,  a  record  of  their  condition  being  also  kept  by  the  physician  in  the 
district  in  which  they  work  or  are  temporarily  resident.  When  any  inhabitant  absents 
liimself   from  the   district   the   record  must   show  his   addr-ess,   where  he  will   be   sub- 
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jeeted  to  vigilance  on  the  part  of  the  authorities  there.  If  the  person  under  vigi- 
lance evades  the  attention  of  the  physician  and  withdraws  without  giving  notice,  the 
owner  of  the  house  in  which  he  lived  is  fined,  he  himself  is  apprehended  by  the  sanitary 
police,  fined,  and  subjected  to  renewed  vigilance.  The  vigilance  in  each  district  ex- 
tends over  a  period  of  one  month  after  the  appearance  of  the  last  case.  To  give  an 
idea  of  this  service  we  will  note  the  figures  covering  the  prophylactic  campaign  in  the 
infected  district  about  the  cotton  factory,  '  Fabrica  das  Chitas, '  in  1906.  The  inspec- 
tion was  carried  out  by  18  doctors,  who  examined  daily  all  suspected  persons,  in  all, 
7,966  persons,  of  whom  2,989  were  not  immune.  Sixty  cases  were  reported,  of  which 
only  19  proved  to  be  yellow  fever,  and  the  district  was  declared  entirely  freed  of  in- 
fection after  six  months.  With  the  combination  of  the  three  systems  there  is  no  doubt 
about  cleaning  up  effectively  any  district  in  which  yellow  fever  may  appear.  In  normal 
conditions  the  police  service  is  carried  out  with  equal  painstaking,  especially  in  the 
districts  where  infection  last  appeared.  When,  after  some  time,  there  seems  no  longer 
to  be  danger  of  new  infection,  the  inspectors  allow  water  to  stand  in  several  marked 
spots  most  favorable  to  mosquito  breeding.  These  pools  are  then  carefully  watched, 
and  examined  at  frequent  intervals.  This  is  a  sure  way  to  indicate  the  presence  of 
the  mosquito  and  is  a  trap  for  those  about  to  spawn.  They  are  thus  most  easily  de- 
stroyed. In  many  zones  of  the  city  these  traps  revealed  the  presence  of  no  mosquitoes 
whatever. ' ' 

In  1901  there  were  2,299  deaths  from  yellow  fever  in  Rio  de  Janeiro. 
In  1909,  for  the  first  time  since  records  have  been  kept,  there  was  not  a 
case. 

Antimalarial  Work  in  Italy. — ^Under  the  splendid  guidance  of  Celli, 
Italy  during  the  first  15  years  of  the  present  century  was  making  giant 
strides  in  ridding  itself  of  mosquitoes  and  in  improving  living  condi- 
tions of  its  laboring  classes ;  indeed,  we  think  that  it  may  be  said  with 
truth  that  during  the  time  mentioned,  Italy  did  more  than  any  other 
nation  in  protecting  and  improving  the  health  of  its  people.  The  Gov- 
ernment not  only  concerned  itself  with  the  welfare  of  Italians  at  home, 
but  every  ship  carrying  Italian  emigrants  to  North  or  South  America 
was  compelled  to  carry  an  Italian  health  officer,  who  looked  after  the 
quarters  and  food  of  those  under  his  charge  during  the  voyage.  More- 
over, Italy  attempted  to  protect  its  emigrant  children  after  arrival  in 
the  Western  Hemisphere  and  to  save  them,  so  far  as  possible,  from 
exploitation. 

In  his  fight  against  malaria,  Celli  spoke  of  his  triple  alliance,  the  doc- 
tor, drainage,  and  agriculture,  and  claimed  that  this  combination  was 
able  to  thwart  the  most  formidable  enemy  of  his  country.  He  saw  that 
there  had  been  established  in  Italy  a  vicious  circle  whereby  man  could 
not  live  on  the  land  because  it  Avas  malarious,  and  the  land  could  not 
be  rendered  healthful  because  man  was  unable  to  live  on  it.  With  great 
wisdom  Celli  saw  that  the  most  speedy  and  effective  method  of  render- 
ing the  Italian  peasant  fit  to  live,  or  at  least  able  to  live  in  his  country, 
was  by  the  administration  of  quinin.  Under  the  temporary  protection 
of  this  agent  the  people  Avould  be  given  strength  and  afforded  time  to 
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provide  drainage  and  establish  profitable  agriculture.  In  1900  state 
quinin  was  placed  on  sale  at  cost  price.  In  1901  laborers  were  provided 
gratuitously  with  state  quinin  for  treatment  of  malarial  fevers.  In  1904 
laborers  were  supplied  gratuitously  with  quinin  for  prophylaxis.  Until 
the  World  War  came  and  interrupted  this  most  beneficial  work  the  con- 
sumption of  quinin  in  Italy  went  up  year  by  year,  while  in  the  same 
ratio  the  mortality  from  malaria  fell.  Simultaneously  with  the  temporary 
protection  secured  by  quinin  the  Government  encouraged  protection  of 
its  laboring  classes  from  the  mosquito  by  mechanical  means  (screening) 
and  the  eradication  of  the  insect  by  drainage  and  scientific  agriculture. 
We  are  surprised  that  Celli  finds  that  prophylaxis  against  malaria  is 
secured  by  the  daily  use  of  such  small  doses  of  quinin  as  50  centigrams. 
This  is  a  matter  of  so  much  importance  that  we  reproduce  at  some  length 
his  conclusions: 

"(a)  That  quinin,  provided  it  be  administered  daily,  is  in  average  and  even,  thera- 
peutic doses  better  tolerated,  and  for  a  longer  time  than  a  priori  one  could  have  be- 
lieved; that  is  to  say,  after  tlie  first  two  or  three  days  it  no  longer  produces  the  least 
singing  in  the  ear,  and  is  not  only  comjjletely  innocuous,  but  also  acts  as  an  aid  to  nutri- 
tion and  as  a  tonic  to  the  digestive  apparatus  and  muscles,  thereby  increasing  the 
appetite  and  the.  power  of  work.  (b)  Quinin  taken  daily  is  always  present  in  the 
blood,  and  thus  prevents  instead  of  producing  the  phenomena  of  quininism.  Further, 
there  is  not,  perhaps,  another  example  of  a  remedy  so  perfect,  nor  one  which  so  rapidly 
establishes  itself,  and  can  be  prolonged  for  a  long  time  (up  to  five  or  six  months), 
and  yet  can  be  interrupted  when  desirable  without  any  disturbance,  and  without,  al- 
though the  organism  is  habituated  to  the  small  and  average  doses,  diminishing  the 
curative  efficacy  of  the  large  doses  when  they  are  necessary,  (c)  But  if  quinin  be  given 
at  intervals  longer  than,  three  days  the  phenomena  of  quininism  present  themselves 
every  time;  in  consequence  the  method  of  intermittent  administration,  namely,  every 
four  days  (Ziemann),  every  five  (Plehn),  every  seven  to  ten  (Koch),  although  recom- 
mended by  these  able  workers,  is  not  preferable  to  our  continuous  and  daily  method. 
The  administration  at  intervals  of  every  two  or,  at  the  utmost,  of  every  three  days 
(Sergent)  may  be  in  some  cases  employed.  Longer  intervals  are  not  to  be  recommended, 
owing  to  the  disappearing  of  the  quinin  from  the  blood  three  days  after  the  adminis- 
tration, (d)  Intolerance  to  the  salts  of  quinin  insoluble  in  water,  if  they  be  admin- 
istered in  average  doses  daily,  is  met  with  in  very  few  persons,  and  up  till  now  we  have 
never  observed  the  hemoglobinuria  which  the  inteiniittent  method  and  the  relative 
large  doses  have  not  succeeded  in  preventing,  (e)  Intolerance  very  exceptionally  mani- 
fests itself  if  a  salt  insoluble  in  water,  such  as  tannate  of  quinin  be  given.  This  salt 
is  slowly  absorbed,  especially  in  the  intestine,  by  the  work  of  the  bile  and  of  the  pan- 
creatic juice,  and  it  is  perhaps  for  this  reason  that  it  has  the  value  of  being  generally 
atoxic,  even  in  persons  who  have  a  special  idiosyncrasy  for  hemoglobinuria  towards  the 
salts  soluble  in  water.  By  reason  of  this  ordinary  atoxicity,  as  well  as  the  absence  of 
bitter  taste,  it  is  specially  indicated  for  children,  and  for  those  adults  who  show  in- 
tolerance for  the  other  salts  or  suffer  from  malaria  complicated  by  gastrointestinal 
disturbances,  (f)  According  to  Mariani  and  Giemsa  also,  quinin  proper  that  is,  in  the 
basic  state,  is  absorbed  and  acts  very  well.  Consequently,  the  solubility  or  not  in  water 
of  a  preparation  of  quinin,  or  its  administration  with  the  stomach  full  or  empty,  do 
not  in  the  least  deserve  that  importance  which   has  been  and   is   attributed   to  them. 
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(g)  All  essential  coefficient  of  true  tolerance  is  to  administer  it  in  an  agreeaile  form, 
hence  the  forms  of  comfits  or  chocolates  which  we  have  persistently  proposed  for  the 
various  salts  of  quinin.  (h)  He  who  takes  quinin  every  day,  and  therefore  has  always 
a  supply  of  quinin  in  the  blood  stream,  can  undergo  witJt  impunity  inoculations  of 
blood  full  of  malarial  parasites,  and  can  expose  himself  with  little  or  no  danger  to  the 
bites  of  infected  mosquitoes,  (i)  Arsenic  and  iron  do  not  display  any  protective  anti- 
malarial action,  either  experimentally  or  chemically  demonstrable. 

"These  are  the  scientific  and  practical  facts  on  which  we  have  based  the  method  of 
preventing  new  infections,  and  of  redircing  the  recurrences  by  means  of  the  daily  ad- 
ministration of  quinin  in  average  doses,  namely: — 40  centigi'ams  of  the  bisulphate, 
hydrochlorate  or  bihydrochlorate  of  quinin  for  adults  and  young  persons;  20  centigrams 
of  the  same  salts,  or  30  centigrams  of  tannate  of  quinin  for  childi-en;  and  in  every 
case  administered  in  the  agreeable  form  of  comfits  or  of  chocolates.  These,  especially, 
owing  to  the  sugar  and  cocoa  have  overcome  the  dread  and  j)rejudice  against  the  pro- 
phylactic use  of  quinin." 

According  to  Cruz,  Celli's  method,  including  his  small  dose  daily 
administered,  has  proved  satisfactory  among  the  railroad  builders  in 
Brazil.  To  these  workers  a  daily  dose  of  50  centigrams  of  the  hydro- 
chlorate  of  quinin  is  administered  by  the  doctors  who  see  that  the  pa- 
tients swallow  the  capsules.  ''Not  one  of  the  persons  subjected  to  this 
regime  fell  sick,  whereas  others  who  accompanied  the .  party  without 
belonging  to  it,  and  who  would  not  submit  to  the  same  prophylaxis, 
were  attacked  by  malaria." 

The  same  observer  reports  that  when  these  laborers  left  the  malarial 
region  and  without  reinfection,  they  developed  malaria  if  they  discon- 
tinued the  use  of  quinin.  Furthermore,  if  after  leaving  the  malarial 
zone  they  continued  the  daily  use  of  50  centigrams  of  quinin  for  some 
months  and  then  discontinued  it  they  developed  malaria  without  rein- 
fection. One  concludes  from  this  that  with  this  mild  treatment  the  para- 
site remains  alive  but  inactive  in  the  human  body. 

It  is  now  generally  admitted  that  quinin  should  be  administered  as 
a  prophylactic  in  daily  doses  of  60  centigrams  if  good  results  are  to  be 
obtained,  as  the  smaller  amounts  simply  kill  off  enough  plasmodia  to 
prevent  the  development  of  symptoms  in  a  large  majority  of  cases, 
but  they  do  not  actually  prevent  infection. 

Work  in  G-reece. — We  have  elsewhere  referred  to  the  possible  connec- 
tion between  the  introduction  of  malaria  and  the  decline  of  ancient 
Greek  civilization.  Savas  has  published  the  results  of  recent  surveys  in 
that  country.  He  states  that  twenty-nine  per  cent  of  the  people  are 
affected  by  this  disease  every  year,  and  that  from  time  to  time  there 
are  exacerbations  in  which  the  infection  is  even  more  prevalent.  In 
1905  more  than  half  the  inhabitants  of  the  country  had  the  disease  and 
more  than  6,000  died  from  it.  Before  the  war  Greece  was  divided  into 
69  provinces  and  in  19  of  these  the  infection  annually  touched  more  than 
forty  per  cent  of  the  population.     There  are  in  Greece  639  marshes  not 
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counting  those  covering  areas  of  less  than  1,000  square  meters;  indeed, 
marshes  occupy  from  one  sixty-eighth  to  one  seventy-second  of  the 
Avhole  surface  of  the  Kingdom.  In  addition  to  these  large  marshy  areas 
there  are  innumerable  smaller  ones  and  there  are  streams  in  which  pools 
are  formed  during  certain  seasons  of  the  year. 

Savas  gives  a  most  interesting  picture  of  the  present  condition  of  the 
classical  Plain  of  Marathon.  This  lies  on  the  east  coast  of  Attica  about 
30  kilometers  from  Athens  and  is  11  kilometers  in  length.  In  1910  the 
population  of  the  Plain  of  Marathon  numbered  1,680,  distributed  in 
villages  each  containing  not  more  than  200  inhabitants.  The  village  of 
Marathon  itself  had  a  population  of  1,200.  In  this  village  in  1906  the 
school  children  were  examined  for  enlarged  spleen  and  this  condition 
found  to  be  present  in  one  hundred  per  cent.  The  whole  of  the  plain 
at  certain  seasons  of  the  year  is  covered  by  two  large  marshes  and 
innumerable  small  accumulations  of  stagnant  water,  in  all  of  which  the 
larvae  of  anopheles  were  found.  The  Greeks  first  tried  the  German 
method  of  employing  quinin  both  for  curative  and  preventive  measures. 
This  method  consists  in  giving  one  gram  of  quinin  on  each  of  two  suc- 
cessive days  and  then  permitting  an  interval  of  from  seven  to  nine 
days,  when  the  doses  are  repeated  for  two  successive  days.  This  method 
of  using  quinin  was  found  to  be  impracticable  for  two  very  good  rea- 
sons. In  the  first  place,  the  large  dose  causes  great  discomfort,  such  as 
ringing  in  the  ears,  dizziness,  drowsiness,  and  general  weakness.  In 
the  second  place,  during  the  interquinin  periods  people  become  infected 
with  the  disease.  This  method  of  employing  quinin  should  not  be  re- 
garded as  proper  prophylactic  treatment.  It  results  in  systematizing 
regulated  curative  treatment.  After  finding  that  this  method  did  not 
\vork,  the  Greeks  resorted  to  the  method  of  Celli  which  consists  in  the 
administration  of  50  centigrams  of  quinin  daily.  This  form  of  adminis- 
tration keeps  quinin  constantly  in  the  blood  and  thus  protects  at  all 
times  against  inoculation  by  the  mosquito.  In  the  second  place,  it  does 
not  induce  quininism.  There  are  no  unpleasant  effects.  The  guard  is  on 
duty  all  the  time  and  never  harms  his  ward.  We  think  it  safe  to  say 
that  the  different  methods  employed  with  quinin  as  a  prophylactic 
against  malaria  have  been  sufficiently  tried  in  various  parts  of  the 
Avorld  to  justify  the  conclusion  that  the  Italian  procedure  is  the  most 
satisfactory  and  the  most  efficacious.  In  1910  the  Government  of  Italy 
was  supplying  Greece  with  quinin  at  cost.  So  far  as  we  know,  the 
Greek  Government  has  never  supplied  its  poor  with  quinin  gratuitously. 
"We  do  not  wish  to  be  understood  as  recommending  the  employment  of 
quinin  in  all  antimalarial  Avork. 

In  the  early  part  of  the  present  century  Pankrati  and  Batraconesi, 
suburbs  of  Athens,  suffered  scA^erely  from  malaria,  the  average  percent- 
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age  of  infection  running  from  30  to  50  and  occasionally  going  as  high 
as  90.  Malaria  in  these  villages  was  due  to  small  pools  in  the  bed  of 
the  River  Ilissos.  These  were  found  to  be  filled  with  larvae  of  A.  super- 
pictus.  In  1906  the  river  bed  was  converted  into  a  narrow  channel  and 
the  stagnant  pools  filled.  This  simple  and  relatively  inexpensive  pro- 
cedure sufficed  to  abolish  malaria.  It  was  not  necessary  to  resort  to 
the  prophylactic  use  of  quinin. 

Work  in  Malaya. — Watson  has  written  a  most  interesting  volume  on 
the  antimalarial  work  in  the  Federated  Malay  States.  This  enterprise 
was  undertaken  in  1901  along  the  Klang  River  and  at  Port  Swettenham. 
Different  regions  in  the  Federated  Malay  States  are  occupied  by  differ- 
ent species  of  anopheles  and  present  widely  variable  problems  when  the 
eradication  of  malaria  is  undertaken.  It  has  been  found  that,  while 
removing  the  jungle  and  letting  in  the  sunlight  causes  the  disappear- 
ance of  A.  umbrosus,  it  invites  the  coming  of  A.  maculatus,  and  malaria 
transmitted  by  the  latter  is  just  as  bad  as  that  conveyed  by  the  former. 
On  the  whole,  deforestation  and  subsequent  drainage  have  been  the 
most  effective  measures  tried  in  Malaya.  Clearing  out  the  jungle  and 
even  the  stripping  of  the  jungle  land  of  all  its  growth,  unless  accompan- 
ied or  followed  by  drainage,  has  not  succeeded  in  eliminating  malaria. 
Watson  emphasizes  the  facts  that  a  scheme  suitable  for  the  eradication 
of  one  species  of  mosquito  is  not  necessarily  suitable  for  another;  that 
methods  found  successful  in  the  case  of  A.  umbrosus  proved  worse  than 
useless  in  the  case  of  A.  maculatus;  that  schemes  suitable  in  one  coun- 
try should  not  be  slavishly  followed  in  another  where  the  mosquito 
fauna  is  different ;  that  a  thorough  mosquito  survey  is  an  essential  pre- 
liminary of  any  scheme  of  eradication,  and  the  scheme  should  be  framed 
according  to  the  mosquito  findings;  that  a  problem  full  of  indeterminate 
elements  must  be  tested  by  trials  and  experiments;  that  unforeseen  dif- 
ficulties are  likely  to  arise  whatever  the  scheme  adopted  and,  finally, 
that  the  cost  is  at  the  start  a  guess  and  generally  grows  with  the  prog- 
ress of  the  work.  At  certain  localities,  both  in  the  Federated  Malay 
States  and  in  India,  procedures  for  the  eradication  of  malaria  adopted 
f\athout  proper  preliminary  study  have  ended  in  making  matters  Avorse. 
A¥atson  says  that  some  years  ago  the  Royal  Society  of  England  and  the 
Government  of  India  joined  forces  in  an  attempt  to  eradicate  malaria 
from  Mian  Mir,  with  the  result  that  after  much  money  had  been  spent 
the  cantonment  was  more  malarious  than  ever. 

We  cannot  refrain  from  giving  the  following  quotation  from  Watson 
concerning  man's  warfare  with  the  tropical  jungle: 

''Against  the  intruder,  the  jungle  wages  a  ceaseless,  though  silent,  warfare.  It 
neither  sleeps  nor  slumbers;  and  if  it  is  to  be  kept  in  check,  it  requires  of  man  endless 
effort.     Ever  vigilant,  it  sends  forward,  at  every  opportunity,  its  advance  battalions. 
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Along  the  drains  creep  the  water-loving  grasses  and  rushes;  on  their  sides  soon  appear 
other  grasses  and  tiny  ferns.  Grasses,  ferns,  wild  bananas,  and  bushes  grow  on  the 
dry  ground  of  the  ravines.  Gradually  leaves,  sticks,  and  silt  obliterate  the  drains; 
the  ravine  reverts  to  its  original  swamp,  the  ferns  and  bushes  are  replaced  by  the  trees 
of  the  original  forest.  The  jungle  comes  into  its  own.  With  all  these  changes,  the 
insect  life  of  the  ravine  changes  too:  at  one  period  the  insect  inhabitant  may  carry 
disease;  at  another  period  it  may  be  harmless.  And  one  zone  differs  from  another. 
It  is  in  tlie  power  of  man  temporarily  to  arrest  these  changes  at  any  stage  favorable 
to  himself,  or  to  allow  them  to  march  to  their  destined  end. ' ' 

Antimosquito  Measiires  in  the  United  States. — As  we  have  already 
stated,  malaria  has  practically  disappeared  from  the  northern  part  of 
our  country,  and,  indeed,  the  northern  boundary  of  the  malarial  region 
has  been  constantly  but  slowly  withdrawing  to  the  south  during  the 
past  60  years.  Until  1900,  how^ever,  all  the  antimalarial  work  done  in 
this  country  was  for  the  purpose  of  reclaiming  valuable  land.  There 
was  no  thought  of  the  prevention  of  malaria,  nor,  except  here  and  there, 
any  of  antimosquito  measures.  The  farmers  of  Michigan,  Wisconsin, 
and  adjoining  states  found  that  the  marshy  districts  and  tamarack 
swamps  contained  the  most  productive  soils,  and  consequently  they  pro- 
ceeded to  drain  these  areas,  strip  them  of  their  worthless  vegetation, 
and  put  them  under  cultivation.  Now  these  areas  are  yielding  great 
annual  revenues  in  crops  of  celery,  sugar  beets,  peppermint,  pennyroyal, 
etc.  Sections  of  land  in  Michigan  which  60  years  ago  were  not  only 
unproductive  but  were  the  hatching  places  of  innumerable  anopheles, 
are  now  worth  hundreds  of  dollars  per  acre  and  are  making  their  own- 
ers rich  by  the  annual  production  of  tons  of  sugar  beets.  In  1880  the 
death  rate  from  malarial  fevers  in  Michigan  was  19.5  per  100,000.  There 
were  actually  320  deaths  from  this  cause.  In  1919  there  were  5  deaths 
charged  to  malaria,  an  annual  mortality  rate  of  0.1  per  100,000.  This 
is  a  striking  one  of  many  illustrations  which  shows  that  improvements 
in  health  conditions  have  been  secured  as  by-products  in  the  produc- 
tion of  wealth.  Poverty,  ignorance,  and  disease  have  been  and  con- 
tinue to  be  the  most  powerful  obstructions  in  man's  progress  towards 
better  things.  It  may  be  that  the  desire  for  wealth  is  a  great  curse,  but 
it  cannot  be  denied  that  in  his  pursuit  of  riches  man  has  found  many 
things  more  valuable  than  that  which  he  sought.  We  are  inclined  to 
complain  somewhat  bitterly  because  the  pine  barons  were  permitted 
from  50  to  75  years  ago  to  rob  Michigan  and  adjoining  states  of  their 
splendid  and  boundless  wealth  represented  at  that  time  in  their  mag- 
nificent and  extensive  forests,  but  Avhile  the  pine  robber  committed  his 
depredations,  sometimes  with  the  connivance  of  the  administrators  of 
the  law  and  sometimes  against  their  protests,  he  was  unconsciously 
preparing  the  land  for  the  more  productive  crops  of  the  future,  and  at 
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the  same  time  rendering  the  region  a  more  healthful  and  habitable 
place  for  coming  generations. 

About  1901,  the  discovery  of  Laveran  in  1880  and  that  of  Ross  in 
1897,  began  to  be  known,  appreciated,  and  utilized  the  world  over. 
In  this  movement  our  country  has  not  in  all  times  lagged  in  the  rear. 
We  are  not  now  speaking  of  the  splendid  work  in  preventive  medicine 
done  by  our  army  medical  officers  in  Cuba,  Porto  Rico,  the  Canal  Zone, 
and  the  Philippines,  but  we  are  giving  our  attention  to  the  work  done 
in  Continental  United  States.  It  is  not  possible  to  say  just  where  this 
conscious  effort  first  came  into  evidence;  indeed,  there  is  no  one  locality 
and  no  one  individual  that  stands  out  preeminently  in  this  movement.  We 
shall,  therefore,  make  no  attempt  to  discuss  chronologically  the  events 
which  we  are  about  to  mention.  At  the  same  time  it  will  be  best  not 
to  inquire  too  minutely  into  the  motives  which  prompted  the  anti- 
mosquito  work  of  the  first  years  of  the  present  century.  Howard  says 
that  one  of  the  finest,  most  extensive,  and  most  effective  bits  of  this 
work  was  accomplished  through  the  use  of  large  sums  of  money  fur- 
nished by  a  wealthy  man  whose  object  was  not  primarily  the  improved 
health  of  the  people  of  the  region,  but  to  better  the  condition  of  his 
high-priced  race  horses  which  were  suffering  from  the  abundance  of 
mosquitoes.  In  many  other  instances  the  basic  purpose  was  to  so  im- 
prove mosquito  ridden  areas  that  the  land  could  be  sold  greatly  to  the 
profit  of  certain  individual  owners  or  corporations. 

In  1902  wealthy  owners  of  Center  Island,  off  the  north  coast  of  Long 
Island,  under  the  corporate  name  of  "North  Shore  Improvement  Asso- 
ciation" did  splendid  work,  especially  in  demonstrating  the  feasibility 
of  controlling  and  even  eradicating  the  salt  marsh  mosquito. 

In  1902  the  Brooklyn  Board  of  Health  began  a  local  campaign  in 
which  pools,  ponds,  ditches,  and  other  breeding-places  within  and  about 
the  city  were  filled,  drained,  or  oiled.  Here  and  there  all  over  the 
country  local  antimosquito  brigades  were  formed.  Hodge  and  McKibben 
did  splendid  work  in  Worcester,  Mass.,  as  did  Langford  at  San  Antonio. 
In  1903  there  were  a  few  cases  of  yellow  fever  with  some  deaths  in  the  latter 
city.  The  people  as  a  whole  cared  very  little  for  yellow  fever  nor  did  they 
mourn  very  seriously  over  their  dead  neighbors,  but  the  report  that  yellow 
fever  existed  in  San  Antonio  caused  a  commercial  loss  to  that  city  of 
many  hundreds  of  thousands  of  dollars.  After  the  common  method  of 
that  time,  the  first  thing  the  authorities  did  Avas  to  deny  that  there 
had  been  any  yellow  fever  in  the  city.  The  next  thing  they  did  was 
to  deny  with  equal  vehemence  that  if  it  Avere  yellow  fever,  mosquitoes 
had  anything  to  do  Avith  it.  They  had  liA^ed,  suffered  from,  and  fought 
mosquitoes,  for  years;  then  Avhy  should  the  yellow  fever  of  one  year 
have  anything  to  do  with  their  old  friends  and  enemies — the  local  mos- 
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quitoes?  It  was  difficult  to  meet  arguments  of  this  kind.  Langford, 
who  was  chairman  of  the  Sanitary  Committee  of  the  School  Board,  had 
a  bright  idea.  He  had  an  aquarium  placed  in  each  school  building 
and  in  these  he  bred,  under  proper  precautions,  mosquitoes,  demonstrat- 
ing to  the  children  day  by  day  and  hour  by  hour  the  development  of 
the  eggs,  the  antics  of  the  wrigglers,  and  the  wonderful  evolution  of 
the  pupa.  Boys  and  girls  were  furnished  with  magnifying  glasses  and 
studied  these  interesting  things  in  the  tank,  made  drawings  on  the 
board,  and  then  sought  the  natural  breeding-places  of  these  insects  in 
and  about  the  city.  Prizes  were  offered  for  the  largest  number  of  mos- 
quitoes captured  and  for  the  best  essays.  The  children  with  these  dem- 
onstrations before  them  were  not  influenced  by  the  arguments  of  the 
adults  and  they  went  forth  and  exterminated  the  mosquito.  There  has 
been  no  death  from  yellow  fever  in  San  Antonio  since.  Before  that 
time  there  were  from  50  to  60  deaths  each  year  from  malaria.  During 
the  first  year  the  mortality  from  malaria  was  reduced  seventy-five  per 
cent  and  in  the  second  year  it  was  entirely  eliminated  from  the  mortal- 
ity records  of  the  city. 

In  1901  a  house  to  house  visitation  of  certain  sections  of  Staten 
Island  in  New  York  Harbor  showed  that  at  least  twenty  per  cent  of 
the  inhabitants  of  these  districts  were  suffering  from  malaria.  Breed- 
ing-places in  the  shape  of  barrels,  cisterns,  and  puddles  were  abundant 
and  were  occupied  and  utilized  by  busy  anopheles.  Doty,  then  health 
officer  of  the  port  of  New  York,  undertook  the  eradication  of  malaria  from 
Staten  Island.  In  1905  he  induced  the  Department  of  Health  of  the  City  of 
New  York  to  cooperate  in  this  movement  and  within  the  next  few  years 
more  than  1,000  miles  of  ditches  had  been  dug  and  malaria  had  prac- 
tically been  eradicated. 

Excellent  work  has  been  done  by  state  entomologists  and  boards  of 
health.  Smith,  entomologist  for  the  State  of  New  Jerse.y,  deserves 
especial  mention  in  this  connection.  He  induced  that  state  to  pass  a 
a  law  which  provided  for  a  survey  at  the  request  of  the  local  board  of 
health  of  any  city,  town,  or  township.  In  this  survey  all  mosquito 
breeding-places  were  plotted.  The  law  stated  that  these  should  be 
eradicated  by  the  owner,  provided  that  the  cost  of  the  work  should  not 
exceed  the  value  of  the  land,  in  which  case  the  state  contributed  not 
more  than  fifty  per  cent  of  this  cost.  By  1910  there  had  been  reclaimed 
in  the  state  not  less  than  30,000  acres  of  marsh  land  which  necessitated 
ditching  to  the  extent  of  about  70  miles. 

The  International  Health  Board  has  been  and  continues  to  be  a 
most  efficient  agent  in  stimulating  state  and  local  boards  of  health  in 
antimalarial  work.  This  Board,  first  organized  to  combat  hookworm 
disease   in  the  south,   seriously  undertook   antimalarial   demonstrations 
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in  1916.  The  method  of  the  board  is  to  send  experts  into  a  highly- 
malarious  community  to  demonstrate  to  the  people  how  the  disease  may- 
be lessened.  In  one  locality  screening  alone  will  be  employed.  In  a 
second,  the  prophylactic  use  of  quinin  will  be  resorted  to;  in  a  third, 
killing  adult  mosquitoes  in  the  houses  is  depended  upon;  in  a  fourth 
place  antimosquito  measures  will  be  employed,  and  these  vary  accord- 
ing to  the  locality.  It  is  desirous  that  the  demonstrations  show  not 
only  that  malaria  can  be  greatly  reduced,  but  that  the  cost  is  within 
the  means  of  the  people.  It  is  pleasant  to  note  that  in  this  work  the 
representatives  of  the  Board  have  had,  in  the  main,  the  whole-hearted 
and  enthusiastic  approval  and  help  of  local  physicians,  notwithstanding 
the  fact  that  the  success  of  the  work  greatly  decreases  the  income  of 
the  physician. 

At  Crossett,  Arkansas,  a  lumber  town  of  2,029  people,  antimalarial 
work  was  begun  in  April,  1916.  This  consisted  in  the  elimination  or 
control  of  the  breeding-places  of  mosquitoes  without  major  drainage. 
Pits  and  shallow  ponds  were  filled  or  drained,  streams  were  cleared  of 
undergrowth,  accumulations  of  debris  were  removed  from  the  beds  and 
they  were  regraded  so  as  to  permit  an  unobstructed  flow  through  a 
narrow  channel.  Artificial  containers  were  removed  or  treated.  All 
other  breeding-places  were  sprayed  once  a  week  with  road  oil.  No 
other  antimalarial  measures  were  employed.  The  results  as  measured 
by  physicians'  calls  are  pictured  in  the  chart.  There  were  2500  calls 
in  1915  against  200  in  1917.  The  per  capita  cost  for  1916,  omitting 
overhead,  was  $1.24.  In  1917,  omitting  overhead,  which  was  slight,  the 
per  capita  cost  was  $.63.  At  $2.00  per  call  this  community  had  been 
paying  nearly  four  times  as  much  in  doctors'  bills  alone  as  was  ex- 
pended in  1917  for  being  practically  free  of  malaria  and  from  the  mos- 
quito as  a  pest. 

In  four  communities  in  Arkansas,  physicians'  calls  were  reduced  from 
3',394  (the  average  for  the  two  previous  years)  to  1,120  in  1919— a 
reduction  of  sixty-seven  per  cent.  The  per  capita  cost  of  this  work, 
with  overhead  expense  omitted,  was  sixty  cents.  In  one  locality  in 
Arkansas,  screening  the  houses  alone  was  tried.  By  this  means  the 
degree  of  malarial  control  reached  70.6  per  cent,  while  the  annual  per 
capita  cost,  less  overhead,  was  $1.75.  In  another  locality  the  prophy- 
lactic use  of  quinin  controlled  64.45  per  cent  of  the  malaria  at  a  per 
capita  cost  of  fifty-seven  cents.  It  was  found  that  in  getting  the  best 
effects  from  the  prophylactic  use  of  quinin  it  was  necessary  to  furnish 
the  drug  free  of  cost  and  to  personally  distribute  it  among  the  people. 
When  the  people  had  to  buy  it,  although  it  was  sold  at  cost  price, 
reduction  in  the  disease  was  not  so  marked.  A  two-year  field  experi- 
ment in  attempting  to  control  malaria  by  the  proph^dactic  use  of  quinin 
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was  carried  out  in  a  section  of  Bolivar  County,  Miss.,  during  the  years 
1916-17.  More  than  25,000  individuals  had  this  treatment  and  it  was 
found  that  ten  grains  of  quinin  daily  for  ten  days  sterilized  the  blood 
of  ninety  per  cent  of  the  carriers  to  whom  it  was  administered.  It  was 
found  that  personal  contact  with  the  people  is  necessary  to  induce  large 
numbers  to  take  the  drug  regularly  and  for  a  period  sufficiently  long- 
to  sterilize  their  blood.     Mass   education  or  trying  to  teach  and  con- 
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vince  the  people  by  public  lectures  proved  less  effective  than  house  to 
house  visitation. 

In  killing  mosquitoes  within  the  house  a  method  first  proposed  by 
Austen  in  1901  and  later  employed  by  Le  Prince  on  the  Canal  Zone  was 
tried.  The  inside  walls  of  the  cabins  are  whitewashed  and  a  black  band 
forming  a  dado  about  three  inches  broad  is  drawn  around  the  wall  between 
three  and  four  feet  from  the  floor.  When  mosquitoes  enter  the  house  they 
alight  on  the  dark  band.  This  gives  the  children  an  opportunity  to  kill  them. 
In  the  negro  cabins  of  the  South  this  method  has  been  necessarilv  modi- 
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fied.  There  are  so  many  dark  crevices  in  the  walls  between  the  logs 
that  the  mosqnitos  prefer  these  to  the  artificial  dado  and  thus  escape 
destruction.  The  method  has,  therefore,  been  improved  upon  by  cover- 
ing the  inside  of  the  walls  with  white  paper,  which  gives  to  the 
surface  a  relatively  smooth  character  and  leaves  the  dado  as  the  most 
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attractive  place  for  the  recently  arrived  insect.  How  long  a  smooth 
surface  can  be  maintained  by  this  method  in  the  average  negro  cabin 
remains  to  be  demonstrated.  We  are  inclined  to  predict  that  some 
further  modification  will  be  found  desirable.  This  paragraph  was 
written  in  1920.  Further  experience  has  led  to  the  abandonment  of 
this  procedure. 
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In  some  localities  drainage  and  other  methods  of  destroying  or  ren- 
dering inoperative  breeding-places  have  been  tried.  In  a  small  section 
of  a  Mississippi  connty  18.1  per  cent  of  the  people  had  malaria  in  1918, 
while  under  drainage  this  percentage  was  reduced  to  5.5  in  1919.  The  cost 
of  drainage  varies  within  wide  limits  according  to  local  conditions.  In 
Hinds  County,  Miss.,  the  cost  per  capita  by  this  method  was  in  1919, 
$2.60.  Ponds  were  cleared  of  their  vegetable  growth  and  stocked  with 
top  minnows.  These  fish  have  proved  especially  effective  in  ponds 
which  have  been  provided  and  maintained  for  the  purpose  of  furnishing 
water  for  horses  and  cattle. 

During  the  present  year  (1922)  a  new  experiment  is  being  made  in 
the  Delta  of  the  Mississippi.  Engineers  state  that  the  drainage  of  this 
region  would  cost  so  much  that  it  cannot  possibly  be  done.  The  region 
is  low,  level,  intersected  with  a  patch-work  of  swamps  and  bayous,  in 
all  of  which  anopheles  breed  abundantly.  The  houses  of  the  laborers 
are  scattered  over  this  region,  being  located  generally  on  the  banks  of 
bayous.  It  is  proposed  to  concentrate  the  houses  on  a  given  plantation 
at  a  few  points  selected  with  reference  to  control  of  breeding-places, 
with  the  hope  that  in  these  villages  protective  measures  which  are  feasi- 
ble can  be  made  operative.  The  field  hands  will  spend  their  nights  in 
these  protected  villages  and  will  go  out  to  their  work  in  the  malarious 
districts  during  the  daytime.  A  similar. plan  has  been  in  operation  in 
certain  sections  of  Italy  for  hundreds  of  years.  The  peasants  live  in 
some  village  located  high  up  on  a  hill  and  go  out  to  work  during  the 
daytime  in  the  malarial  lowlands ;  indeed,  it  long  ago  became  a  habit 
of  those  who  live  in  the  Roman  Campagna  to  build  scaffolds  upon  which 
they  sleep  at  night.  Anopheles  do  not  fly  high  and  even  in  highly  malarious 
countries  those  who  sleep  in  the  second  story  are  less  likely  to  be 
infected  than  those  who  pass  the  night  below. 

M,alaria  Reduction  in  U.  S.  Army  Experience. — Formerly  a  scourge 
of  armies,  as  has  been  mentioned,  malaria  has  by  control  measures  been 
reduced  to  almost  negligible  proportions.  During  1917  and  1918  there 
were  14,087  hospital  admissions  for  malaria  in  the  U.  S.  Army.  This 
was  a  rate  of  less  than  3.0  per  1000.  If  malaria  had  prevailed  to  the 
same  extent  as  during  1861-62  of  the  Civil  War,  there  would  have  been 
1,526,572  cases,  or  108  times  as  much.  Similarly,  if  it  had  prevailed 
as  it  did  during  1898-99  of  the  Spanish  War  there  would  have  been 
1,906,066  cases,  or  135  times  the  amount  of  1917-18. 

The  admission  rate  for  the  entire  army  in  1906  was  1274.  This  has 
declined  to  a  minimum  figure  of  2.30  for  1919.  In  1920  the  rate  rose 
to  8.45.  In  this  year  the  rate  for  white  troops  in  the  United  States 
was  7.54;  in  Europe,  1.38;  in  Philippine  Islands,  8.37;  in  Hawaii,  0.80; 
in  Panama,  55.13 ;  in  China,  3.24.     The  total  rate  for  all  white  troops 
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was  7.92;  for  colored,  11.06;  for  Porto  Eicans,  24.79;  and  for  Filipino 
native  troops,  26.32.  The  reduction  from  year  to  year  has  been  carried 
out  by  increasing  attention  to  antimalarial  measures,  including  the 
draining  of  swamp  areas  and  the  oiling  of  areas  that  could  not  be 
drained.  The  Public  Health  Service  carried  on  this  work  in  the  extra 
cantonment  zones.  The  cutting  down  on  this  work  following  the  close 
of  the  war  undoubtedly  accounts  for  the  increase  apparent  in  1920. 

During  the  period  when  camps  and  cantonments  were  open  in  1917 
and  1918  malaria  was  confined  largely  to  a  few  of  the  southern  camps. 
During  the  five  summer  months  from  April  to  August,  1918,  inclusive, 
the  four  highest  case  rates  were  40.4  for  Camp  Beauregard  (Louisiana), 
24.6  for  Camp  Shelby  (Mississippi),  23.5  for  Camp  Pike  (Arkansas),  12.8 
for  Camp  Sevier  (South  Carolina).  Contrasted  with  the  above  rates 
were  0.6  for  Cody  (New  Mexico)  and  0.5  each  for  Upton  (New  York), 
Custer  (Michigan)  and  Funston  (Kansas). 

During  the  four  autumn  months,  September  to  December  inclusive 
Camp  Beauregard  again  headed  the  list  with  an  admission  rate  of  42.8. 
Las  Casas  in  Porto  Kico  was  second  with  a  rate  of  31.3.  Next  in  order 
came  Wheeler  (Georgia)  16.1,  Sevier  (South  Carolina)  12.1  and  Eustis 
(Virginia)  10.7.  Most  of  the  malaria  occurred  in  men  who  contracted 
the  disease  prior  to  entering  camp.  The  malaria  control  measures  about 
the  camps  were  so  well  handled  that  little,,  if  any  malaria  was  con- 
tracted in  the  camps.  Camp  Meade  reported  that  of  the  24  cases  of 
malaria  in  July,  1918,  all  occurred  in  recent  arrivals  and  were  plainly 
recurrences  of  old  infections.  Camp  Sevier  reported  that  no  cases  of 
malaria  developed  except  in  men  coming  from  malarious  districts. 
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CHAPTER  XXII 

YELLOW  FEVER 

Definition. — Yellow  fever  is  an  acute,  infections,  febrile  disease,  highlj^ 
fatal,  and  until  recently,  endemic  in  the  West  Indies  and  in  certain 
localities  in  Central  and  South  America.  The  virus,  which  has  been 
identified  recently  by  Noguchi  under  the  name  of  Leptospira  ieteroides, 
is  distributed  from  man  to  man  by  a  species  of  mosquito,  Stegomyia 
calopus.  From  time  to  time  in  the  past  this  disease  has  been  trans- 
ported from  the  endemic  area  to  diverse  parts  of  the  tropical  and  tem- 
perate zones,  and  when  such  regions  are  infested  by  the  stegomyia 
local  epidemics  have  resulted.  The  disease  is  characterized  by  sudden 
onset,  with  rapid  elevation  of  temperature,  with  or  without  chills,  ac- 
companied by  marked  pain  in  the  muscles,  especially  in  the  back.  As 
a  rule,  there  is  nausea  and  vomiting.  The  ejected  matter  is  dark  brown 
or  black,  constituting  the  characteristic  black  vomit  {vomito  negro). 
With  the  development  of  the  symptoms  the  skin  takes  on  a  peculiar 
coppery  tint,  which  gives  to  the  disease  its  popular  name. 

History.— There  has  been  some  discussion  as  to  whether  yellow  fever 
existed  in  the  Eastern  Hemisphere  before  the  time  of  Columbus.  We 
believe  that  if  yellow  fever  did  exist  in  the  Eastern  Hemisphere  prior 
to  the  time  mentioned,  it  must  have  been  confined  to  remote  parts  of 
Africa.  It  seems  quite  certain  that  it  never  appeared  about  the  Mediter- 
ranean Coast.  A  disease  with  such  characteristic  symptoms  and  so 
deadly,  certainly  would  have  been  observed  and  described  had  it  come 
under  the  observation  of  the  more  intelligent  physicians  of  that  region  of 
the  earth  at  any  time.  There  can  be  no  doubt  about  the  existence  of  malaria 
in  ancient  Greece  or  in  Italy  before  the  Christian  era,  nor  is  there  any 
doubt  about  the  appearance  of  the  plague  in  the  Mediterranean  region. 
The  manifestations  of  yellow  fever  are  quite  as  characteristic  as  those 
of  either  malaria  or  the  plague,  and  we  feel  we  are  justified  in  con- 
cluding that  yellow  fever  was  confined  to  the  Western  Hemisphere  be- 
fore connection  between  the  two  hemispheres  was  established  by  Colum- 
bus and  his  sailors.  There  is  a  tradition  that  Columbus  himself  suffered 
from  this  disease  somewhere  on  the  southern  coast  of  Cuba  about  the 
year  1495,  but  this  is  tradition  and  we  have  no  positive  information 
bearing  on  the  subject.  The  first  unquestionable  description  of  the 
disease  was  that  of  du  Tertre,  who  observed  it  in  Guadaloupe  in  1635, 
and  from  that  time  on  yellow  fever  is  described  as  appearing  in  severe 
epidemic  form,  certainly  in  the  West  Indies   and  in   certain  parts  of 
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Central  America.  There  was  a  quarantine  put  upon  this  disease  at 
European  ports,  beginning  early  in  the  eighteenth  century  and  extend- 
ing up  to  1790.  The  French  Revolution  and  the  Napoleonic  Wars  put 
an  end  to  the  effectiveness  of  this  quarantine  and  during  the  period  from 
1791  to  1815  yellow  fever  made  frequent  excursions  not  only  to  Europe, 
but  to  remote  parts  of  North  and  South  America.  According  to  Beren- 
ger-Feraud,  who  wrote  in  1891,  the  most  intense  endemic  area  of  this 
disease  during  the  century  preceding  the  writing  was  on  the  Atlantic 
Coast  of  Mexico  and  Central  America.     During  the  same  time  it  was 

THE     KAVAGES      OF     EPIDEMIC     DISEASE        IN 
NE3V      012L.EA.NS,  DURING     THE    LAST     CENTURV 
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endemic  in  the  Greater  Antilles,  including  the  Islands  of  Cuba,  Jamaica, 
San  Domingo,  and  Porto  Rico;  and  somewhat  less  prevalent  in  the 
Smaller  Antilles,  including  Martinique,  Antigua,  Guadaloupe,  and  other 
islands.  It  is  probably  safe  to  say  that,  at  least  from  the  time  of  Colum- 
bus down  to  the  close  of  the  nineteenth  century,  there  were  endemic 
areas  of  this  disease  in  the  regions  just  mentioned.  There  are  those 
who  believe  that  the  endemic  area  should  include  the  coast  of  Brazil, 
the  western  coast  of  South  America,  and  certain  sections  of  the  Atlantic 
Coast  of  Africa.  There  are  others  who  hold  that  this  disease  was  not 
endemic  in  Brazil,  although  repeatedly  carried  to  that  country,  before 


626 


EPIDEMIOLOGY 


1850.  From  tlie  last-meutioued  date  up  to  tlie  end  of  tlie  nineteentli 
century  yellovr  fever  undoubtedly  occurred  frequently  on  the  Atlantic 
Coast  of  Brazil,  especially  at  Eio.  The  author  just  referred  to  thinks 
that  the  disease  cannot  be  said  to  hare  become  endemic  in  either  Bra2dl 
or  on  the  western  coast  of  Africa,  although  he  admits  that  it  "was  fre- 
quently imported  into  these  regions. 

During  the  latter  part  of  the  eighteenth  and  during  the  greater  part 
of  the  nineteenth  centuries  yellow  fever  made  frequent  invasions  of 
Xorth  America,  extending  at  one  time  as  far  north  as  ^Montreal  in 
Canada  and  Portsmouth.  X.  H.  During  this  time  yellow  fever  found  a 
foothold  in  the  Tnited  States  about  ninety  times.  Among  the  larger 
cities  visited  were  Xew  York.  Philadelphia,  Baltimore,  Charleston,  and 
Xew  Orleans.  The  epidemic  of  1793  killed  ten  per  cent  of  the  popula- 
tion of  Philadelphia:  that  of  1853  destroyed  8,000  in  Xew  Orleans. 

The  United  States  Mortality  Statistics  contain  a  "record  of  464  deaths 
from  yellow  fever  in  the  registration  area  from  1900  to  1919.  In  the 
single  year  1905,  438  deaths  occurred,  434  of  these  in  Xew  Orleans. 
Among  males  there  were  304  deaths,  females  130.  Most  of  the  deaths 
were  among  white  people,  only  19  occurring  among  the  colored.  One 
death  occurred  in  Maine  in  1916  and  one  in  Louisiana  in  1919.  The 
deaths  by  years  in  the  registration  area  were  as  shown  in  Table  XXXIY. 
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The  financial  loss  to  the  United  States  from  the  one  epidemic  of  1878, 
in  which  Memphis  was  visited,  is  estimated  as  having  amounted  to 
$15,335,000.  Occasionally  the  disease  found  its  resting  place,  where 
it  .spread  locally,  in  some  relatively  small  interior  town;  such  was  the 
outbreak  at  Decatur,  Ala.,  in  1888.  It  was  soon  observed  that  when  it 
found  a  foothold  in  the  United  States,  sanitation  in  the  ordinary  sense 
had  no  effect  and  that  it  disappeared  with  the  oncoming  of  fro.st.  It 
never  was  known  to  hibernate  within  the  limits  of  this  country.  Eogers, 
writing  in  1911,  says: 
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"The  extreme  limits  yet  invaded  are  Quebec,  46°  56'  north  latitude,  and  Montevideo 
34°  54'  south  latitude,  in  the  TVestem  Hemisphere;  Swansea,  51°  37'  north  latitude,  and 
St.  Paul  du  Loanda,  in  the  Congo  State,  9°  south  latitude,  on  the  eastern  side  of  the 
Atlantic.  Xear  the  southern  limits  the  disease  has  proved  to  be  verj  virulent,  but  at 
most  northern  places  attacked,  it  was  distinetlj  attenuated  in  character,  while  thev  are 
situated  on  the  isothermie  line  of  16°  C.  or  60 ""  F.  mean  temperature  at  the  hottest 
season  of  the  year.  Fortunately,  outbreaks  are  very  rare  in  these  higher  latitudes, 
although  serious  ones  have  occurred  in  Spain  and  Portugal,  especially  in  the  first  two 
decades  of  the  eighteenth  century,  extending  to  Leghorn  in  Italy  in  1804,  and  milder 
ones  in  the  same  areas  in  1870  and  1878.  In  1861  St.  Xazaii'e  in  France  was  attacked, 
while  in  1865  the  disease  was  imported  into  Swansea  from  Cuba.  In  1878  the  disease 
overran  the  United  States,  no  less  than  182  towns  beiug  infected,  and  about  16,000 
persons  carried  off;  but  since  that  date  only  the  southern  towns  have  occasionally  been 
attacked,  New  Orleans  having  suffered  within  the  last  few  years.  In  1854  Peru  was 
severely  attacked,  which  is  of  interest  as  showing  that  countries  bordering  on  the 
Pacific  Ocean  are  not  exempt,  so  that  when  the  Panama  Canal  is  open  great  precautions 
will  be  necessary  to  prevent  the  tropical  shores  of  the  Pacific — and  possibly  even  the 
Indian  Ocean — being  invaded.  There  appears  to  "be  no  reason  why  the  importation  of 
the  infection  into  the  doubtless  very  susceptible  inhabitants  of  those  areas  should  not 
be  followed  by  appalling  epidemics,  far  exceeding  anything  yet  known  in  the  endemic 
areas  of  the  disease,  where  so  many  of  the  inhabitants  are  immune,  while  such  epidemics 
might  be  followed  by  the  permanent  settling  of  the  disease  in  an  endemic  form  in  parts 
of  the  world  where  the  temperature  and  other  conditions  are  suitable. ' ' 

It  may  be  of  epidemiologic  interest  to  go  somewhat  minutely  into  tlie 
outbreaks  of  tbis  disease  in  Europe.  The  first  unquestionable  appear- 
ance of  the  disease  in  Portugal  occurred  in  172-3.  We  bare  been  unable 
to  find  any  estimate  of  the  population  of  Lisbon  at  that  time,  but  it  is 
evident  that  the  disease  spread  widely  among  the  inhabitants  and  that 
the  death  rate  was  great.  In  1850  a  ship,  The  Edward  lY,  arrived  at 
Oporto  from  Brazilian  ports  infected  with  yellow  fever.  The  disease 
was  first  observed  among  the  custom  house  officers  but  did  not  spread 
widely  through  the  city.  A  year  later  from  two  to  three  ships  car- 
ried the  disease  to  Oporto  and  at  this  time  it  became  widespread.  In 
1856-1857  a  severe  epidemic,  killing  more  than  5,000  people,  occurred 
in  Portugal,  from  whence  it  was  transferred  to  the  Azores.  Quite 
naturally,  at  that  time  Spain  was  in  more  danger  of  infection  from  the 
West  Indies  and  South  America  than  any  other  country,  and  epi- 
demics occurred  in  Cadiz  and  other  cities  almost  annually  during 
the  first  half  of  the  eighteenth  century.  The  epidemic  of  1741  is  said 
to  have  caused  10,000  deaths.  Then  for  quite  half  a  century  yellow 
fever  was  unknown  in  Spain.  Suddenly  it  again  appeared  in  ISOO,  and 
in  that  year  destroyed  17,500  persons.  From  1800  to  1821  yellow  fever 
appeared  almost  annually  in  Spain,  invol\*ing  ports  not  only  on  the 
Atlantic  Coast,  but  those  on  the  Mediterranean  Sea.  There  were  light 
epidemics  in  1823  and  1829.     Then  there  was  an  interval  of  immunity 
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extending  to  1870.  The  latest  known  occurrence  of  the  disease  in  Spain 
was  in  1879,  when  it  invaded  Madrid  but  did  not  prevail  widely. 

There  is  no  authentic  history  of  yellow  fever  in  France  until  1802, 
when  several  cases  occurred,  both  at  Brest  and  at  Marseilles.  It  was 
introduced  into  St.  Nazaire  in  1861  by  a  sailing  vessel  from  Havana  and 
it  spread  to  seven  other  vessels  lying  in  port.  There  have  been  five 
outbreaks  of  yellow  fever  in  the  British  Isles,  these  occurring  between 
1817  and  1865.  The  first  appearance  of  the  disease  in  Italy  was  at 
Leghorn  in  1804,  where  it  prevailed  for  four  months,  causing,  accord- 
ing to  one  author  700  deaths,  and  according  to  another,  1,900.  Yellow 
fever  was  reported  in  the  Province  of  Naples  in  1883',  but  there  seems 
to  have  been  some  doubt  about  the  correctness  of  the  diagnosis.  The 
most  eastern  appearance  of  yellow  fever,  certainly  so  far  as  the  Medi- 
terranean is  concerned,  was  reported  in  Trieste  in  1894.  It  is  reported 
that  the  contagion  was  brought  from  Brazil  by  two  sailors  who  landed 
from  a  pest-ship  at  Genoa  and  went  by  land  to  Trieste.  On  account 
of  the  short  incubation  period  of  the  disease  this  report  must  be  re- 
ceived with  reservation.  We  have  given  these  brief  statements  to  show 
how  far  from  its  endemic  centers  yellow  fever  has  been  carried,  espe- 
cially in  the  days  when  sailing  vessels  were  so  largely  employed  in 
trade.  At  that  time  it  was  believed  that  the  virus  was  carried  in  in- 
fected clothing,  baggage,  and  cargoes.  It  would  be  impossible  to  esti- 
mate the  total  financial  cost  of  combating  this  disease  by  quarantine 
and  disinfection.  When  General  Wood  was  made  military  governor  of 
Santiago  in  1898  he  set  to  work  immediately  to  clean  the  city,  and 
indeed  the  whole  province.  He  succeeded  in  making  Santiago  an  ex- 
ceptionally clean  place,  certainly  compared  with  other  cities  in  Cuba, 
but  he  soon  observed  that  his  efforts  were  futile  so  far  as  the  eradication 
of  yellow  fever  was  concerned.  Our  old  methods  of  combating  this 
disease  were  costly  and  at  the  same  time  ineffectual. 

Finlay,  of  Havana,  was  the  first,  so  far  as  we  know,  to  suggest  the 
transmission  of  yellow  fever  through  the  agency  of  a  mosquito.  In 
1881  he  read  a  paper,  entitled,  "The  Mosquito  Hypothetically  Con- 
sidered as  the  Agent  of  Transmission  of  Yellow  Fever"  before  the  Royal 
Academy  of  Havana,  from  which  we  make  the  following  extract: 

''Three  conditions  are  necessary  in  order  that  yellow  fever  may  be  iDropagated:  (1) 
The  existence  of  a  "yellow  fever  patient  into  whose  capillaries  the  mosquito  is  able  to 
drive  its  sting  and  to  impregnate  it  with  the  virulent  particles,  at  an  appropriate  stage 
.  of  the  disease.  (2)  That  the  life  of  the  mosquito  may  be  spared  after  its  bite  upon 
the  patient  until  it  has  a  chance  of  biting  the  person  in  whom  the  disease  is  to  be 
reproduced.  (3)  The  coincidence  that  some  of  the  persons  whom  the  same  mosquito 
happens  to  bite  thereafter  shall  be  susceptible  of  contracting  the  disease." 

Finlay  not  only  suspected  the  mosquito,  but  he  hit  upon  exactly  that 
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species  Avliicli  was  afterwards  shown  to  be  responsible  for  the  trans- 
mission of  the  disease.  He  made  a  number  of  experiments  involving 
more  than  100  individuals.  He  did  succeed  in  producing  three  cases 
of  mild  fever,  but  inasmuch  as  his  results  were  not  uniform  he  at  no 
time  claimed  that  he  had  thoroughly  proved  his  case.  As  we  now  know, 
there  are  certain  conditions  which  must  be  complied  with  in  securing 
positive  results  and  these  were  not  known  at  that  time  by  Finlay  or 
any  one  else.  However,  this  indefatigable  worker  continued  his  re- 
searches and  never  altogether  lost  faith  in  his  belief,  and  lived  to 
finally  see  the  problem  solved  by  others  along  the  lines  he  had  laid  down. 
Finlay  should  not  be  regarded  as  a  mere  dreamer  who  had  been  for- 
tunate in  his  dreams,  but  he  was  a  man  who  proceeded  at  all  times  along 
scientific  lines  and  that  he  failed  to  completely  demonstrate  the  correct- 
ness of  his  theory  was  no  fault  of  his. 

Investigations  as  to  the  transmission  of  yellow  fever  were  diverted 
from  the  right  course  in  1885  by  Freire,  of  Rio  de  Janeiro,  who  claimed 
that  he  had  found  the  specific  cause  in  an  organism,  which  he  named 
Cryptococcus  xanthogenicus.  In  1887  Sternberg,  of  the  U.  S.  Army, 
was  sent  to  Rio  to  investigate  and  report  upon  the  work  of  Freire. 
Sternberg  did  laborious  and  most  excellent  work,  but  his  results  were 
negative.  He  found  that  the  so-called  ''specific  cause"  offered  by 
Freire  was  nothing  more  or  less  than  the  common  Staphylococcus  pyog- 
enes albus.  Sternberg  continued  his  work  in  Havana  and  it  may  be 
said  that,  while  he  failed  to  find  the  specific  cause  of  yellow  fever,  he 
made  it  quite  certain  that  no  bacterium  found  in  the  body  after  death 
from  this  disease  could  be  its  cause ;  in  other  words,  Sternberg  did  in 
a  most  thorough  manner  a  necessary  piece  of  research  which  again 
turned  attention  to  the  necessity  for  more  thorough  investigation  of 
the  claims  of  Finlay.  In  1897  the  scientific  world  was  again  stirred  by 
the  announcement  by  an  Italian  bacteriologist,  Sanarelli  by  name,  that 
he  had  succeeded  in  finding  the  true  cause  of  yellow  fever  and  that 
it  was  a  bacterium,  to  which  he  gave  the  name  Bacillus  icteroides.  How- 
ever, it  was  soon  shown  that  this  was  nothing  more  or  less  than  a  bacil- 
lus which  Sternberg  had  obtained  ten  years  before  and  had  carried  in 
his  protocol  as  Bacillus  X;  in  fact,  the  bacillus  of  Sanarelli  turned  out 
to  be  a  variety  of  the  hog  cholera  bacillus  and  only  a  secondary  invader 
in  yellow  fever. 

About  this  time  Carter,  of  the  U.  S.  Public  Health  Service,  stud^'ing 
yellow  fever  epidemics  in  the  southern  states,  made  a  vital  observation. 
He  noticed  that  when  a  first  case  of  yellow  fever  developed  in  a  com- 
munity a  period  of  from  15  to  20  days  elapsed  before  secondary  cases 
occurred.  Holding  to  the  mosquito  theory,  this  observation  made  by 
Carter  could  mean   only  one  thing — that  the  mosquito  after  biting   a 
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yellow  fever  patient  must  carry  the  parasite  from  10  to  15  days  in  its 
body  before  it  could  transmit  effectively  the  parasite  to  another  individ- 
ual; in  other  words,  it  indicated  that  the  virus  of  yellow  fever,  what- 
ever it  may  be,  passes  through  a  life-cycle  in  the  body  of  a  mosquito  and 
to  do  this  requires  from  10  to  15  days,  since  as  was  well  known  the 
period  of  incubation  in  yellow  fever  is  something  less  than  five  days. 
This  offers  a  ready  explanation  of  why  Finlay  in  his  large  number  of 
experiments  had  obtained  no  uniform  results.  If  a  stegomyia  bites  a 
yellow  fever  patient  at  a  period  when  the  virus  is  in  his  blood  this  mos- 
quito cannot  transmit  the  disease  until  the  parasite  has  undergone  a 
definite  development  in  the  body  of  the  insect. 

In  1897,  Smith,  of  the  U.  S.  Public  Health  Service,  then  in  charge 
of  the  National  Quarantine  Station  on  Ship  Island  in  the  Gulf  of  Mexico, 
treated  some  30  cases  of  yellow  fever  brought  to  the  station  by  infected 
vessels  and  at  the  same  time  cared  for  other  patients,  while  the  only 
precaution  against  the  spread  of  the  disease  consisted  in  screening  all 
windows  and  doors.     No  case  of  yellow  fever  developed  at  the  station. 

In  1900,  with  Cuba  under  military  rule,  Surgeon  General  Sternberg, 
appointed  a  Yellow  Fever  Commission,  consisting  of  Reed,  Carroll, 
Lazear,  and  Agramonte,  to  study  the  transmission  of  yellow  fever.  This 
Commission  established  an  experimental  station  in  the  open  about  a 
mile  from  Quemados,  the  military  post.  Two  mosquito-proof  houses 
were  built.  Bedding,  blankets,  soiled  sheets,  and  pillow  cases  from  beds 
on  which  yellow  fever  patients  had  lain  sick  and  had  died,  were  brought 
from  Havana  and  used  for  the  bedding  supplied  in  one  of  these  houses. 
Young  soldiers,  nonimmunes,  slept  in  this  house  on  the  articles  men- 
tioned, many  of  which  were  badly  soiled  with  vomit  and  other  excre- 
tions of  yellow  fever  patients.  The  beds  in  this  house  were  occupied  by 
these  men  for  periods  of  from  20  to  21  days.  Then  the  men  were 
taken  to  quarantine  and  kept  under  observation  for  at  least  five  days. 
When  one  batch  left  the  house  another  occupied  it.  In  all,  this  house 
was  occupied  for  63  days  by  nonimmunes,  Avho  lived  day  and  night  in 
the  midst  of  soiled  clothing,  bedding,  etc.  However,  they  were  pro- 
tected against  mosquitoes.  No  one  developed  this  or  any  other  disease 
but  all  remained  in  perfect  health.  This  demonstrated  that  yellow 
fever  is  not  conve3^ed  by  fomites  and  showed  that  all  the  time,  work, 
and  money  which  had  been  bestoAved  upon  the  disinfection  of  clothing, 
bedding,  and  cargo,  in  order  to  protect  our  cities  from  yellow  fever 
had  been  in  vain;  in  other  words,  the  century-old  idea  that  yelloAv  fever 
is  acquired  b}^  contact,  either  directly  or  indirectly,  was  exploded. 

The  second  house  contained  two  rooms  which  were  separated  by  a 
wire  screen  partition.  All  the  furnishings  that  went  into  this  house 
were  thoroughly  disinfected   or  were  new  and  perfectly  clean.     Non- 
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immunes  were  placed  in  both  rooms.  Into  one,  mosquitoes  which  had 
been  reared  from  the  larvae  and  which  had  been  permitted  to  bite 
yellow  fever  patients  from  10  to  15  days  previously,  were  loosened. 
Thus  the  Commission  provided  a  two-room  house  with  only  a  wire 
screen  partition  between  the  rooms.  There  were  nonimmunes  in  both 
rooms.  All  mosquitoes  were  excluded  from  one  room,  while  into  the 
other,  mosquitoes  laden  with  the  blood  of  yellow  fever  patients  were 
admitted.  All  the  men  in  the  room  from  which  mosquitoes  were  ex- 
cluded remained  well;  fifty  per  cent  of  those  in  the  room  containing  in- 
fected mosquitoes  developed  yellow  fever. 

On  August  27,  1900,  one  of  the  Commission,  Carroll,  was  submitted 
to  the  bite  of  an  infected  mosquito.  We  shall  give  Carroll's  account  of 
his  own  case  in  his  own  words: 

''The  insect,  which  had  been  hatched  and  reared  in  the  laboratory,  had  been  caused 
to  feed  upon  four  cases  of  yellow  fever,  two  of  them  severe  and  two  mild.  The  first 
patient,  a  severe  case,  was  bitten  twelve  days  before;  the  second,  third,  and  fourth 
patients,  had  been  bitten  six,  four,  and  two  days  previously,  and  their  attacks  were  in 
character,  mild,  severe,  and  mild,  respectively.  In  writing  to  Dr.  Beed  on  the  night 
after  the  incident  I  remarked  jokingly  that  if  there  were  anything  in  the  mosquito 
theory  I  should  have  a  good  dose;  and  so  it  happened.  After  having  slight  premoni- 
tory symptoms  for  two  days  I  was  taken  sick  on  August  31,  and  on  September  1,  I 
was  carried  to  the  yellow  fever  camp.  My  life  was  in  the  balance  for  three  days,  and 
my  chart  shows  that  on  the  fifth,  sixth,  and  seventh  days  my  urine  contained  eight- 
tenths  and  nine-tenths  of  moist  albumen.  The  tests  were  made  by  Dr.  Lazear.  I 
mention  this  particularly  because  the  resiults  obtained  in  this  case  do  not  agree  with 
the  twentieth  conclusion  of  Marehoux,  Salimbeni,  and  Simond,  that  the  longer  the 
interval  that  elapses  after  infection  of  the  mosquito  the  more  dangerous  it  becomes. 
Twelve  days,  the  period  above  cited,  is  the  shortest  time  in  which  the  mosquito  has 
been  proved  to  be  capable  of  conveying  the  infection.  It  is  my  opinion  that  the  sus- 
ceptibility of  the  individual  bitten  is  a  much  more  potent  factor  in  determining  the 
severity  of  the  attack  than  the  duration  of  the  infection  in  the  mosquito,  or  the  num- 
ber of  mosquitoes  applied.  On  the  day  that  I  was  taken  sick,  August  31,  1900,  Dr. 
Lazear  applied  the  same  mosquito,  with  three  others,  to  another  individual  who  suffered 
a  comparatively  mild  attack,  and  was  well  before  I  left  my  bed.  Thus  it  happened 
that  I  was  the  first  person  to  whom  the  mosquito  was  proved  to  convey  the  disease. 
On  the  eighteenth  day  of  September,  five  days  after  I  was  permitted  to  leave  my  bed, 
Dr.  Lazear  was  stricken  and  died  in  convulsions  just  one  week  later,  after  several  days 
of  delirium  with  black  vomit.     Such  is  yellow  fever." 

Lazear  had  submitted  to  an  experimental  bite  without  any  effect,  but 
a  short  time  afterwards  a  mosquito  settled  upon  his  hand  while  he  was 
collecting  blood  from  yellow  fever  patients  and  he  allowed  it  to  take 
its  fill.  After  the  usual  period  of  incubation  he  developed  yellow  fever 
in  its  most  virulent  form,  and,  as  has  been  said,  died  within  a  week. 

We  make  the  following  quotation  from  Keed's  report: 

"It  was  now  proposed  to  attempt  the  infection  of  nonimmune  individuals  in  tliree 
different  ways,  namely,  first,  by  the  bites  of  mosquitoes  which  had  previously  bitten 
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eases  of  yellow  fever;  second,  by  the  iujection  of  blood  taken  during  the  early  stages 
from  the  general  circulation  of  those  suffering  the  disease;  and  third,  by  exposure  to 
the  most  intimate  contact  with  fomites.  For  this  jjurpose,  in  addition  to  the  seven 
tents  provided  for  the  quartering  of  the  detachment,  two  frame  buildings,  each  14  by 
20  feet  in  size,  were  constructed.  These  buildings,  having  a  capacity  of  2,800  feet, 
were  exactly  similar,  except  that  one  of  them,  known  as  the  '  infected  mosquito  building, ' 
was  divided  near  the  middle  by  a  permanent  wire  screen  partition  and  had  good  venti- 
lation; while  the  other,  designated  as  the  'infected  clothing  building,'  was  purposely 
so  constructed  as  to  exclude  anything  like  efficient  ventilation.  These  houses  were 
placed  on  opposite  sides  of  a  small  valley,  about  80  yards  apart,  and  each  75  yards 
distant  from  the  camp  proper.  Both  houses  were  provided  with  wire  screened  windows 
and  double  wire  screen  doors,  so  that  mosquitoes  could  be  kept  within  or  without  the 
buildings  as  the  experimenters  might  desire. ' ' 

Keed  aud  his  coworkers  demonstrated  that  blood  taken  from  yellow 
fever  patients  during  the  first  three  days  of  the  disease  and  injected 
into  nonimmunes  produces  the  disease.  Furthermore,  it  was  found  that 
such  blood  after  filtration  through  porcelain  still  causes  the  disease;  in 
other  words,  the  virus,  whatever  it  may  be,  is  filtrable. 

The  species  of  mosquito  with  which  Reed  and  his  coworkers  made 
their  experiments  was  at  that  time  believed  to  belong  to  the  genus 
Culex.  In  his  final  report  on  the  etiology  of  yellow  fever,  Eeed  sums 
up  his  work  as  follows: 

"(1)  The  mosquito,  C.  fasciatus,  serves  as  the  intermediate  host  for  the  parasite  of 
yellow  fever.  (2)  Yellow  fever  is  transmitted  to  nonimmune  individuals  by  means  of 
the  bite  of  a  mosquito  that  has  previously  fed  on  the  blood  of  those  sick  of  the  disease. 
(3)  An  interval  of  about  12  days  or  more  after  contamination  appears  to  be  necessary 
before  the  mosquito  is  capable  of  conveying  the  disease.  (4)  The  bite  of  the  mosquito 
at  an  earlier  period  after  contamination  does  not  appear  to  offer  any  immunity  against 
a  subsequent  attack.  (5)  Yellow  fever  can  also  be  experimentally  produced  by  the 
subcutaneous  injection  of  blood  taken  from  the  general  circulation  during  the  first 
and  second  days  of  this  disease.  (6)  An  attack  of  yellow  fever,  produced  by  the  bite 
of  the  mosquito,  offers  immunity  against  subsequent  injection  of  the  blood  of  an  indi- 
vidual suffering  from  the  nonexperimental  form  of  the  disease.  (7)  The  period  of 
incubation  in  13  cases  of  experimental  yellow  fever  has  varied  from  41  hours  to  5  days 
and  17  hours.  (8)  Yellow  fever  is  not  conveyed  by  fomites,  and  hence  disinfection  of 
articles  of  clothing,  bedding,  or  merchandise,  supposedly  contaminated  by  contact  with 
those  sick  with  this  disease,  is  unnecessary.  (9)  A  house  may  be  said  to  be  infected 
with  yellow  fever  only  when  there  are  present  withiu  its  walls  contaminated  mosquitoes 
capable  of  conveying  the  parasite  of  this  disease.  (10)  The  spread  of  yellow  fever 
can  be  most  effectually  controlled  by  measures  directed  to  the  destruction  of  mosquitoes 
and  the  protection  of  the  sick  against  the  bites  of  these  insects.  (11)  While  the  mode 
of  propagation  of  yellow  fever  has  now  been  definitely  determined,  the  specific  cause 
of  this  disease  remains  to  be  discovered. ' ' 

In  our  discussion  of  malaria,  we  have  shown  how  the  splendid  dis- 
covery of  Reed  and  his  coworkers  enabled  Gorgas  to  rid  Havana  of  this 
disease  and  later  to  protect  the  builders  of  the  Panama  Canal.  The 
work  done  by  Reed  and  his  coworkers  was  experimentally   confirmed 
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bj"  Gaiteras  in  Havana,  by  a  Conrmissicm  froni  tite  U.  SL  PaUie  HeaJlli 

Service  working  at  Tera  Cruz,  and  finally  by  a  Fr^neli  Ccnbub]^<hi  sent 
from  the  Pasteur  Listitute  of  Paris  to  BraziL 

In  order  that  "we  may  have  adequate  appreciation  of  fte  Tafaie  ©f 
Beed's  work,  we  shall  quote  from  an  aeeoimt  of  the  yellow  fever  epi- 
demic in  Philadelphia  in  1793.  written  by  Carey: 

"The  consremauon  of  tiie  people  of  Kdlsd-eipaat  st  tiife  pearfed  •«»$  git^st  Iwv^aid 
all  bona^  XSaaay  aad  alfngfet  were  visitle  in  tfce  eocEfeasui^e  of  alTsiost  e«x?iy  pe-raj*. 
Of  tiose  "wio  reaBsiaed.  maav  ^ut  tkem^elTes  ia.  tbeir  iiOGsses  amd  -were  afraid  tij  iraS: 
tl»  streets-  *  *  *  -pj,^  eoxpses  of  tite  isKssli  lespeeralDle  eitiraas.  eT-ea  tkcse  ■«&}  did 
ttot  die  of  tiie  epidoaiic.  were  exreied  to  ^e  gr»-ve  oa  tie  s&afEs  of  si  easise.  rae  i-Mrse 
driTea  by  a  negro,  imsttended  "by  frsead  or  restive,  sad  •witiioat  amy  sort  of  «i««w«y. 
People  hastily  shifted  their  course  at  the  aght  of  a  heaxse  comrrg  tO'«rsr>Js  thjeaac- 
Msny  never  "walked  oa  the  footpath.  b«t  "went  into  the  middte  cf  the  s*r>v*s^  t^.^  s""??! 
being-  infected  in  passing  by  hoases  "wher^a.  peopJe  had  died.     A:  < 

friends  ^-voided  <sieh  other  in  the  streets  aad  only  ssgsined  their  regar :,  .  ■ 
Tie  old  eustom.  of  shaking  h-ands  fell  into  s*i<ai  dis«se  that  many  shrank  ba»*k  witi 
affright  at  evesa  the  o:ffer  of  the  hand.  A  person  with  erepe.  oar  any  appearaasee  ef 
«M>araing.  "wtsis  shunned  like  a  "riper,  and  many  "raiaed  the2E2sei"v^e5  Mghxy  on.  ^e  skiS. 
and  address  with  whit^h  they  got  to  the  wiadward  ef  e^-ery  persoia.  they  aaet.  Indeed. 
it  is  not  probable  that  London,  at  the  last  stage  of  the  piagtse.  exr-~.b^.t^x^  str-.-rger 
majis  of  terror  than  wiere  to  be  seen  in  PhUade^-'hia  from  the  t"wtenty  ".  "I-"^ 

:fifih  of  A^^gttst  till  pretty  late  in  September.  While  affairs  wer«  i-..  ._-^  .„..-;..,Ie 
stage,  and  the  people  at  &e  lowest  ebb  of  de^xair.  we  ^sauso*  be  a^tai^sid.  at  the 
frightful  s«;eites  that  "were  enacted,  "whieh  seem  to  indicate  a  total  dissol£td^a  «€  tke 
bonds  of  soeiety  in  the  nearest  and  des&rest  coaBbeetioaSv  "Wh<v  without  hscsrter.  «» 
redeet  on  a  hvisband  deserting  his  wife*,  xmited  to  him.  perhaps  for  :^  yesrs^  in  the  Jssst 
agony — a  wife  linfeelitvgly  abandoniag  her  husband  csa  his  death-bed — er  parents  &ir- 
sakittg  their  only  ehHdrea  without  remorse — ehiidiest  ungratefolly  JSytng  froaa.  tfesr 
parents  and  resigniag  them  to  ehan«».  withoat  an  isequiry  after  their  h«ilth  or  sa&ty — 
masters  hurryiug  off  their  faithful  servants  to  B«:^-KilL  even  on  sos^>ieioa  of  the  dis- 
tsiise.  and  that  at  a  time  when,  like  Tartarus,  it  "ffas  open  to  every  visitants  bat  tte-ver 
returned  any — serN-ants  abandoning  the  tenvler  and  humane  i9aa^>*s>  wfeo  oa!^-  wanted 
a  little  eare  to  restore  theiu  to  bs^ilth  and  issefalaesss — w-ho.  I  say,  tstn  evear.  acow  ^Bjak 
of  these  things  withoxit  horrv>rf '^ 

In  contrast  to  the  above  quotation,  it  is  pleasing  to  know  that  the 
best  i>hA-sdeians  of  Philadelphia  at  that  time  remained  at  their  posts 

and  administered  to  the  needs  of  their  j»atientSv  many  of  them  saeritieinsr 
their  lives  in  this  service.  The  following  is  a  quotation  from  a  letter 
written  by  Benjamin  Itash,  then  dean  of  the  medieal  profession  of 
Philadelj>hia : 

**  After  the  loss  of  my  heahh  I  leeeivevl  lettets  ftoaw  f>ri<»ds  ia  the  vXHiutty.  press^ 
i»g  laae  iu  the  strongest  tew»s  to  l««ve  tte  «ty.  Ssack  a  st«i>  kad  be<fOi9S!e  impra»jtj«ssbfe. 
My  aged  mother  was  txx*  iufinu  to  be  leasftoved.  aud  I  vsjuld  »o*  ie^ve  ker.  I  w«»sw  susMe- 
over,  part  of  a  little  eirele  of  physicians  who  had  assoeiated  the*ttselves  in  sxtprvrt  of 
the  new  remedies.     This  eirole  \x"v>xtld  ha\x^  beeji  brokeu  xtp  by  my  c  ,'  eity. 

The  weather  \-aried  the  disease,  attvl  itx  the  wvskest  state  of  the  body  .  ,-,  to  be 

iible.  from  the  reports  of  my  pupiK  to  assist  my  ass*>»«iates  in  deteetJagr  «s  «;hai;j:vsi 
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and  ill  accommodating  our  remedies  to  them.  Under  these  circumstances  it  pleased 
God  to  enable  me  to  lei^ly  to  one  of  the  letters  that  urged  my  retreat  from  the  city 
that  I  had  resolved  to  stick  to  my  princij)les,  my  practice,  and  my  patients  to  the  last 
extremity. ' ' 

In  1903  there  was  an  epidemic  of  yellow  fever  in  Laredo,  Texas,  and 
the  city  of  the  same  name  in  Mexico  immediately  across  the  Rio  Grande. 
From  September  25  to  November  30,  there  were  1,050  cases  of  yellow 
fever,  691  of  which  were  Mexicans  and  359  Americans.  There  were 
103  deaths,  8  being  among  Americans.  The  measures  that  had  proved 
so  effective  in  Havana  were  immediately  put  into  operation  in  Laredo, 
with  the  result  that  the  epidemic  was  stamped  out. 

An  epidemic  of  yellow  fever  was  recognized  in  New  Orleans  on  July 
12,  1905.  White,  of  the  U.  S.  Public  Health  Service,  and  Kohnke,  of 
the  local  board  of  health,  took  charge  and  put  into  operation  antimos- 
quito  measures.  Although  the  epidemic  had  become  widespread  and 
the  number  of  infected  mosquitoes  large,  the  work  can  certainly  be 
called  successful,  since  the  number  of  deaths  (460)  was  just  a  little 
more  than  one-tenth  the  toll  paid  by  that  city  in  the  epidemic  of  1878, 
although  in  the  interval  the  population  of  the  city  had  greatly  increased. 

In  1918-1919  small  outbreaks  of  yellow  fever  occurred  in  certain 
Central  American  states — Guatemala,  Nicaragua,  Honduras,  and  Sal- 
vador. These  were  speedily  suppressed  by  Gorgas  and  White,  who  were 
sent  to  these  countries  by  the  International  Health  Board.  In  Novem- 
ber, 1918,  the  same  agency  undertook  the  eradication  of  this  disease 
from  Guayaquil,  Ecuador,  which  had  long  been  regarded  as  a  hot-bed 
for  the  development  of  the  disease.  The  average  yearly  number  of  cases  of 
yellow  fever  in  Guayaquil  during  the  period  from  1912  to  1918  inclu- 
sive was  259.  The  International  Health  Board  Commission  entered 
upon  an  active  antimosquito  campaign,  involving  drainage,  oiling,  and 
the  screening  of  all  water  containers.  In  the  carrying  out  of  this  work 
the  city  was  divided  into  districts  of  such  size  as  to  permit  a  weekly 
house  to  house  visitation  by  sanitary  squads.  All  suspicious  cases  were 
isolated  and  placed  within  metallic  screening.  There  has  been  no  case 
of  yellow  fever,  at  least  no  authentic  case,  since  April  1,  1919. 

Present  Endemicity  of  Yellow  Fever. — It  has  long  been  suspected  that 
the  Gulf  Coast  of  Mexico  and  Central  America  was  the  original  home 
of  this  disease.  It  is  possible  that  yellow  fever  played  a  part  in  the 
downfall  of  Mayan  civilization.  The  writings  of  the  earliest  Spanish 
explorers  in  this  region  show  that  these  people  suffered  from  a  highly 
fatal  disease.  The  stegomyia  is  abundant  in  these  localities,  which  have 
never  been  free  from  yelloAv  fever  from  the  time  they  were  first  visited 
by  the  Spaniards  up  to  the  present  time.  According  to  official  Mexican 
reports,  there  were  in  that  country  in  1920,   505  cases  of  recognized  yel- 
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low  fever,  with  249  deaths,  and  in  1921,  115  cases,  Avith  53'  deaths.  At 
the  present  time  (February,  1922)  the  disease  is  still  prevalent  in  Vera 
Cruz  and  surrounding  country.  With  the  effective  work  done  at  Gua- 
yaquil it  was  hoped  that  the  western  countries  of  South  America  had 
been  freed  of  this  disease,  but  within  a  short  time  it  appeared  in  Peru 
and  at  several  localities  in  Central  America.  We  have  recently  (March, 
1922)  been  informed  through  the  International  Health  Board  that  dur- 
ing 1921  there  were  15,000  cases  of  yellow  fever,  with  1,500  deaths,  in 
Peru.  Thirty-seven  towns  and  estates  in  the  departments  of  Lambayeque 
and  Libertad  were  swept  by  the  epidemic.  Vigorous  antimosquito  meas- 
ures, which  are  now  in  force  throughout  600  miles  of  coastal  territory, 
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have  brought  the  disease  under  complete  control.  At  present  there  is  no 
known  case  of  yellow  fever  in  the  country.  Within  the  past  two  or 
three  years,  it  has  appeared  from  time  to  time  along  the  eastern  coast 
of  Brazil.  The  commission  sent  by  the  International  Health  Board  to 
the  west  coast  of  Africa  in  1920  did  not  find  yellow  fever  in  the  places 
visited,  but  Avas  convinced  that  the  disease  exists  and  is  distributed 
over  a  large  area. 

Noguchi's  Researclies. — In  1919,  working  at  Guayaquil,  Noguchi  re- 
ported that  he  had  found  and  isolated  the  specific  cause  of  yellow  fever, 
to  which  he  has  given  the  name  Leptospira  icteroides.  Concerning  this 
parasite,  he  makes  the  following  statement: 
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' '  By  the  eniploymeut  of  methods  destined  to  promote  the  growth  both  of  aerobic 
and  anaerobic  orgaaiisms,  particularly  those  belonging  to  the  class  of  spirochetes,  it 
was  possible  to  obtain  a  pure  culture  of  a  delicate  organism,  the  morphologic  features 
of  which  place  it  in  the  genus  Leptospira.  On  three  occasions,  tha,t  is,  from  three  out 
of  11  cases  of  yellow  fever,  the  organism  was  directly  cultivated.  These  three  strains 
were  found  to  induce  the  characteristic  symptoms  and  lesions  when  tested  on  guinea 
pigs.  Leptospira  ieteroides  was  also  obtained  in  pure  culture  from  the  blood  of  guinea 
'pigs  which  succumbed  to  infection  after  being  inoculated  with  the  blood  or  organ 
emulsions  from  patients  suffering  from  yellow  fever.  These  cultures  also  proved  to  be 
virulent  when  tested  on  susceptible  animals.  The  morphologic  characteristics  and  cer- 
tain biologic  properties  of  the  organism  were  considered  in  detail.  It  is  invisible  under 
translucent  illumination  and  is  diflicult  to  stain  by  most  anilin  dyes.  It  is  highly 
sensitive  to  the  presence  of  bacteria  and  is  rapidly  destroyed  in  a  medium  in  which 
certain  other  organisms  are  present.  *  *  *  The  virulence  attained  by  some  strains 
was  such  that  0.00001  c.c.  of  a  culture  could  induce  typical  fatal  infection  in  guinea 
pigs.  *  *  *  Leptospira  ieteroides  passes  through  the  pores  of  Berkefeld  filtersi  V 
and  N,  and  there  is  a  possibility  of  its  having  a^  granular  phase  of  life  under  certain 
conditions. ' ' 

Still  more  recently,  Noguclii  reports  that  lie  lias  been  able  to  prepare 
an  effective  antitoxin.  The  serum  of  convalescents  may  be  used,  or  an 
antitoxic  serum  may  be  prepared  from  horses. 

The  Stegomyia. — As  has  been  stated,  when  Eeed  did  his  work  in 
Cuba,  the  yellow  fever  mosquito  was  knoAvn  as  Culex  fasciatus.  Hav- 
ing been  incriminated  as  the  carrier  of  so  serious  a  disease,  this  insect 
has  been  closely  studied  by  entomologists.  Theobald  concluded  that, 
on  account  of  its  scale  structure,  it  cannot  be  included  in  the  genus 
Culex;  therefore,  its  name  was  changed  to  Stegomyia  fasciata.  Some 
entomologists  brought  objections  to  this  name  and  for  a  while  it  was 
known  to  entomologists,  and  is  still  known  to  epidemiologists,  as  Stego- 
myia calopus.  More  exact  entomologists  have  created  still  another  name 
for  the  genus  and  to  them  it  is  now  known  as  Aedes  calopus  (again  changed 
to  A.  Egyptus).  For  the  present  at  least,  we  are  retaining  the  generic 
name  of  stegomyia,  because  this  is  the  one  more  generally  emploj'ed  by  epi- 
demiologists. The  stegomyia  is  a  domestic  insect  and  is  seldom  or  never 
found  at  great  distances  from  habitations.  In  regions  where  it  abounds  it 
has  evidently  come  to  regard  man  as  its  essential  host ;  indeed,  the  stego- 
myia is  by  preference  an  urban  rather  than  a  rural  dweller.  It  is  found  most 
abundantly  in  villages  and  even  in  large  cities.  Both  sexes  live  in  and  about 
houses,  where  they  mate,  reproduce  their  kind  and  rear  their  young, 
apparently  under  the  protection,  and  certainly  with  the  help,  of  man. 
The  insect  has  apparently  adapted  itself  to  this  domestic  life  and  it 
makes  of  itself  a  visible  and  an  audible  nuisance  to  the  least  possible  extent. 
It  has  no  song  and  does  not  warn  man  of  its  presence  by  claiming  cousin- 
ship  as  do  the  culex  and  the  anopheles  in  their  frequent  serenades. 
AVliile  it  refrains  from  noisy  demonstrations,  at  the  same  time  it  takes 
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care  not  to  be  too  much  in  evidence  to  the  sense  of  sight.  Its  habitual 
method  of  approach  to  man  is  from  tlie  rear.  Its  favorite  place  for  feed- 
ing is  neither  on  the  face  nor  the  hands,  though  it  may  seek  either 
locality,  but  is  the  ankle,  and  when  it  finds  this  part  of  man's  anatomy 
protected  it  crawls  up  under  the  clothing  and  bites  the  legs.  It  crawls 
into  our  pockets  and  hides  under  our  coat  lapels.  While  it  has  no  song 
and  is  noiseless  in  its  attendance,  its  sense  of  hearing  or  otherwise  appre- 
hending danger-  is  keen  and  it  flies  away  to  its  hiding  place  quickly  when 
it  senses  danger.  In  the  house  it  likes  dark  corners,  crawls  behind  pic- 
tures, and  even  enters  the  closet  where  the  clothes  hang  and  stows  itself 
away  in  the  folds  and  seams  of  garments,  evidently  with  the  knowledge 
that  these  articles  are  sooner  or  later  likely  to  be  brought  into  contact 
with  the  source  of  its  food.  This  mosquito  shows  a  decided  preference 
for  human  blood,  and  we  are  told  by  entomologists  that  blood  is  essen- 
tial to  the  development  of  its  eggs.  In  rare  instances  it  seems  to  be 
true  that  they  have  been  found  at  a  distance  of  500  meters  from  a 
human  habitation,  but  this  seems  to  be  rare  and  when  a  specimen  is 
found  at  so  great  a  distance  from  a  house  it  is  always  a  question  as  to 
whether  the  finder  has  not  brought  it  along  in  his  pocket  or  in  some  fold 
or  seam  of  his  garments.  Barber  states  that  he  was  bitten  by  a  female 
stegomyia  near  Helena,  Ark.,  after  he  had  left  the  last  house  rather 
more  than  a  quarter  of  a  mile  behind.  Barber  could  find  no  breeding- 
place  about,  and,  being  well  aware  of  the  fact  that  the  insect  is  likely 
to  hide  under  coat  lapels  or  in  pockets,  he  concluded  that  he  had  uncon- 
sciously brought  his  guest  and  boarder  with  him. 

Feeding  Habits. — It  has  been  stated  that  even  the  male  stegomyia 
draws  blood  from  man.  However,  those  who  have  had  best  opportunity 
to  study  this  pest  are  quite  convinced  that,  while  the  male  apparently 
enjoys  lapping  the  perspiration  that  may  stand  in  drops  on  the  skin,  it 
is  not  anatomically  supplied  with  the  puncture  apparatus  necessary  to 
pierce  the  skin  and  draw  blood.  On  the  other  hand,  the  female  is  a 
blood-thirsty  beast;  and  well  she  may  be  such,  since  blood  seems  to  be 
necessary  for  the  development  of  her  eggs.  Goeldi  is  quite  convinced 
that,  while  the  male  likes  to  drink  perspiration  and  in  doing  so  causes 
some  irritation,  it  is  not  able  to  draw  blood.  Virgin  females  have  been 
induced,  it  seems,  to  suck  blood  after  long  fasts,  but  it  is  not  their  habit. 
However,  after  copulation  the  female  seeks  blood  and  prefers  human 
blood.  Finlay  offered  every  inducement  to  females  captured  fresh  from 
the  pupa  state  to  bite,  but  was  unable  to  bring  about  this  result.  The 
same  investigator  found  that  fertilized  females  are  greedy  for  blood, 
and  this  has  been  confirmed  by  many  other  observers.  The  French  Com- 
mission in  South  America  placed  eight  virgin  females  so  that  they  had 
abundant  opportunity  to  bite  and  found  that  the  first  one  sucked  blood 
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after  a  fast  of  54  hours.  After  tlie  fertilized  female  lias  had  a  copious 
meal  she  becomes  sluggish,  flies  with  difficulty,  finds  a  retired  place  to 
alight,  and  rests  for  hours  at  a  time  with  a  curious  and  continuous 
movement  of  the  hind  legs.  Finlay  states  that  after  a  fertilized  female 
has  had  a  full  meal  of  blood  she  may  occupy  from  two  to  four  days  in 
digesting  it.  He  induced  such  a  mosquito  to  draw  blood  12  times  in 
31  days. 

The  French  Commission,  studying  the  stegomyia  in  Brazil,  found  that 
this  insect  has  a  decided  predilection  for  the  blood  of  man,  but  that  in 
the  absence  of  opportunity  to  secure  this  food  it  may  feed  upon  any 
warm-blooded  animal.  Finla}^  made  observations  on  the  race  preference 
of  this  mosquito,  as  follows: 

' '  Finally,  should  be  taken  into  account  the  preference  wliich  mosquitoes  manifest 
toward  certain  races  and  individuals;  one  notes  that  the  least  tormented  race  appears 
to  be  the  African  and  the  individuals  most  persecuted  by  them  are  those  of  northern 
races  who  have  recently  come  to  the  tropical  regions  of  America.  It  a.ppears  probable 
that  this  depends  upon  the  thickness  of  the  skin  and  ux)on  the  capillary  circulation  of 
the  skin;  it  is  to  be  assumed  that  these  circumstances  will  affect  the  facility  with 
which  the  female  mosquito  can  obtain  the  blood  which  it  needs  to  complete  its  life- 
cycle.  ' ' 

The  French  investigators  concluded  that  this  mosquito  bites  both  the 
negro  and  the  red-skinned  races,  but  that  it  prefers  the  white.  If  mos- 
quitoes of  the  same  age  and  at  the  same  temperature  are  placed  upon 
black,  red,  and  white-skinned  races,  the  white  will  be  bitten  most 
quickly.  They  state  that  the  stegomyia  shows  some  repugnance  to  the 
negro  and  that  it  may  rest  in  contact  with  his  skin  for  from  10  to  15 
minutes  before  it  inserts  its  lancet.  Among  whites  it  prefers  the  young 
and  vigorous,  but  when  hungry  will  feed  upon  the  first  human  being 
with  which  it  comes  into  contact. 

It  has  been  shown  that  the  stegomyia  prefers  to  draw  the  blood  itself. 
If  the  skin  be  pricked  with  a  needle  so  that  a  drop  of  blood  stands  on 
the  surface  and  a  mosquito  be  brought  into  contact  with  this  it  does  not 
utilize  the  blood  on  the  surface,  but  proceeds  to  draw  its  own  supply. 
The  U.  S.  Public  Health  Commission,  studying  at  Vera  Cruz,  makes  the 
following  statement: 

' '  The  approach  to  attack  of  stegomyia  is  extremely  insidious,  usually  approaching 
an  individual  on  the  shady  side  and  without  warning.  The  pertinacity  of  this  mosquito 
in  returning  to  its  victim  after  it  has  been  repeatedly  driven  off  is  almost  characteristic. 
It  has  been  noted  repeatedly  by  us  that  females  escaping  while  being  transferred  from 
one  jar  to  another  would  almost  unfailingly  return  after  a  few  minutes  and  attempt 
to  secure  food  from'  one  of  us.  On  one  occasion  a  marked  female  was  driven  off  five 
times  during  one  forenoon;  once  she  remained  away  nearly  an  hour,  when  her  intended 
victim  becoming  tired  of  further  time-keeping,  finally  recaptured  her. ' ' 

According  to  Neumann,  the  stegomyia  does  not  take  kindly  to  birds 
as  a  source  of  food,  but  will  feed  promptly  and  abundantly  upon  rats. 
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In  the  West  Indies  the  stegomyia  is  known  as  the  ''day  mosquito," 
in  contradistinction  to  the  C.  quinqnefasciatus,  which  is  exclusively  noc- 
turnal, Finlay  believed,  and  apparently  demonstrated,  that  the  stego- 
myia has  greater  resistance  to  heat  than  the  culex.  He  placed  females 
of  the  two  species  in  glass  tubes  and  exposed  them  to  the  midday  rays  of 
the  sun  under  identical  conditions.  The  culex  under  this  intense  heat, 
which  measured  about  100°  F.,  died  within  a  few  minutes,  while  the 
stegomyia  remained  unharmed.  Durham,  studying  mosquitoes  in  Bra- 
zil, has  the  following  to  say  concerning  the  stegomyia: 

"It  is  on  the  wing  and  will  bite  shortly  after  sunrise  (about  6  a.  m.)  ;  again,  a  few 
have  been  observed  biting  about  8  to  9  a.  m.,  after  which  there  is  a  pause  till  about 
11  A,  M.,  when  a  few  may  be  feeding.  The  time  of  chief  activity  is  in  the  middle  of 
the  day,  from  about  12  to  2  p.  m.,  they  then  bite  freely,  and  are  seen  to  copulate  on  the 
wing  in  numbers;  another  pause  follows,  though  there  may  be  a  few  about,  but  they 
do  not  cause  trouble  when  one  is  sitting  at  the  microscope  until  about  half  past  three 
till  about  5  P.  M.  After  dusk  or  dark  I  have  only  once  met  Avith  a  specimen;  this  was 
a  male,  feeding  in  a  sugar  basin  rather  before  7  P.  M.  Tliese  statements  are  derived 
from'  observations  whilst  working  in  the  laboratory,  and  during  a  residence  for  a  week 
in  the  house  of  a  gentleman,  whose  garden  was  liberally  supplied  with  ant-guards  (per- 
forated troughs  filled  with  water,  for  preventing  the  access  of  destructive  'Sauba'  to 
the  plants),  each  of  which  was  full  of  developing  larvae  and  pupae.  Sitting  in  the 
veranda  of  this  house  it  was  easy  to  catch  50  to  80  specimens  without  moving  from 
one's  chair,  in  the  early  hours  of  the  afternoon,  yet  after  sundown,  not  a  single  indi- 
vidual was  met  with. ' ' 

This  observation  of  the  diurnal  activities  of  the  stegomyia  has  been 
confirmed  by  many  others.    Button  says : 

* '  Tlie  observation  of  Durham  and  others  with  regard  to  Stegomyia  f asciata  was  fully 
confinned  at  Bathurst;  these  mosquitoes  only  bite  during  the  day,  more  especially  in 
the  early  part  of  the  afternoon.  None  of  this  species  was  collected  in  mosquito  nets 
during  the  night." 

Howard  states  that  he  found  in  sleeping  in  hotels  in  the  southern 
states  that  when  other  species  of  mosquitoes  were  not  in  the  room  he 
was  undisturbed  until  the  room  was  lighted  by  the  rising  sun;  then 
Aedes  calopus  began  to  bite  furiously.  Carter  testifies  that  the  stego- 
myia has  not  been  found  feeding  in  the  dark  nor  in  strong  light,  but 
that  its  biting  activities  are  determined  by  the  degree  of  light  rather 
than  by  the  time  of  day.  It  approaches  its  victim  on  the  shadow  side 
and  is  especially  prone  to  attack  the  ankles  under  the  table.  According 
to  Veazie,  of  New  Orleans,  the  stegomyia  ''usually  flies  and  bites  in  the 
daytime;  if  a  light  is  burning  at  night  you  will  find  an  occasional  one. 
It  is  quite  cunning  in  selecting  the  dark  side  of  a  person  away  from  the 
light,  and  especially  likes  persons  in  dark  clothing;  old  people,  as  thej^ 
usually  sit  quiet,  are  greatly  annoyed  in  the  daytime  by  them."  Banks, 
studying  this  mosquito  in  the  Philippines,  makes  the  following  state- 
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ment :  "It  is  altogether  a  day  flier,  individuals  seen  after  dark  only 
on  the  very  rarest  occasions." 

Goeldi  was  originally  of  the  opinion  that  stegomyia  bites  only  by 
day,  but  is  convinced  from  recent  experience  that  with  a  strong  elec- 
tric light  it  will  come  into  the  house  at  night  and  bite.  Moreover,  he 
found  that  females  kept  in  captivity  could  be  induced  to  bite  at  night. 
Goeldi  still  holds  that  the  yellow  fever  mosquito  is  diurnal  in  its  activ- 
ities, but  that  hunger  may  drive  females  to  prolong  their  hunt  to  unus- 
ual hours  and  to  be  guided  by  bright  lights  in  houses.  Biting  at  night 
is,  according  to  this  observer,  an  exception  and  occurs  only  in  the  pres- 
ence of  artificial  light.  During  the  evening  these  mosquitoes  remain 
inside  the  house,  hiding  behind  pictures,  under  shelves,  in  corners, 
within  moldings,  and  elsewhere.  When  a  brilliant  light  is  turned  on  in 
the  room  they  leave  their  resting  places  and  may  feed  upon  the  occu- 
pants. 

The  French  Commission,  studying  the  stegomyia  in  Brazil,  reports 
that  it  found  this  pest  busiest  at  nigTit.  This  is  so  contrary  to  the 
observations  of  all  others  that  it  has  awakened  quite  an  animated  dis- 
cussion.   Goeldi,  also  studying  the  stegomyia  in  Brazil,  writes  as  follows: 

"How  can  the  most  illustrious  doctors  of  the  French  Medical  Commission  of  the 
Institute  Pasteur  in  Paris  wish  to  prove,  through  their  faith  in  their  full  scientific 
responsibility,  that  these  stegomyiae  in  Rio  de  Janeiro  ont  pique  pendant  la  nuit,  when 
here  in  Paa'a,  we,  conscious  of  the  same  full  responsibility,  in  view  of  our  positive  ob- 
servations for  years,  must  declare  the  nocturnal  bite  as  an  exception?" 

Howard  has  made  an  analysis  of  the  French  protocol  and  comes  to  the 
conclusion  that  the  stegomyia  is  not  nocturnal  in  its  biting  habits. 
Howard  points  out  that  this  is  rather  a  serious  matter  and  not  altogether 
of  academic  or  even  of  scientific  importance.  It  determines  to  a  marked 
extent  the  formulation  of  quarantine  regulations.  For  instance,  after 
the  French  Commission  had  published  its  conclusion,  the  U.  S.  Public 
liealth  Service  put  in  force  a  regulation  covering  fruit  vessels  while 
loading  in  yellow  fever  ports,  which  reads  as  follows: 

"A  vessel  shall  not  lie  where  her  crew  will  be  exposed  to  the  danger  of  contracting 
yellow  fever,  and  at  ports  where  the  vessels  lie  at  wharfs  the  vessel  must  be  moved 
into  the  stream  or  at  least  200  meters  from  the  wharf  before  sunset,  and  not  returned  to 
the  wharf  before  sunrise  the  following  day. ' ' 

Howard  objects  to  this  regulation  and  calls  attention  to  the  fact  that 
the  return  of  the  vessel  to  the  wharf  about  or  soon  after  sunup  would 
furnish  the  most  serious  exposure  so  far  as  the  bite  of  the  stegomyia 
is  concerned. 

All  observers  agree  that  temperature  has  a  marked  effect  upon  the 
activity,  and  especially  upon  the  appetite  of  the  stegomyia.  Reed  and 
Carroll  make  the  following  statement: 
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"As  regards  the  effect  of  temperature  on  the  sting  of  Stegomyia  fasciata,  the  re- 
sults of  a  number  of  observations  made  hj  us  show  that  this  mosquito  will  bite  at  tem- 
peratures of  62°  F.  and  above.  At  temperatures  below  this  point,  we  have  not,  as  yet, 
succeeded  in  inducing  even  very  hungry  females  to  suck  blood.  We  may,  therefore,  say 
that  observations  thus  far  made  appear  to  show  that  Stegomyia  fasciata,  while  not 
breeding  at  temperatures  below  68°  F.,  will  still  bite  at  a  temperature  as  low  as 
62°  F.,  but  probably  not  at  lower  temperatures.  If  this  insect  is  concerned  in  the 
propagation  of  yellow  fever,  it  is  now  quite  apparent  why  an  epidemic  of  this  disease 
should  fall  to  a  low  ebb  in  the  City  of  New  Orleans  during  the  month  of  November, 
with  a  mean  temperature  of  61.8°  F.,  and  practically  ceased  in  December,  with  a  mean 
temperature  of  55.3°  F.  A  careful  study  of  the  charts  herewith  submitted,  showing 
monthly  mean  temperatures  of  the  cities  of  Havana  and  New  Orleans  and  Havana 
and  Rio  de  Janeiro,  together  with  the  relative  monthly  mortality  from  yellow  fever  in 
these  cities,  will  prove  of  interest,  we  think  as  shovdng  better  than  laboratory  observa- 
tion the  general  effect  of  temperature  upon  the  breeding  and  biting  of  Stegomyia 
fasciata.  In  the  light  of  recent  researches,  we  can  now  understand  that  while  yellow 
fever  can,  and  does,  prevail  during  the  entire  year  in  Havana  and  Eio  de  Janeiro — ■ 
although  at  a  comparatively  low  ebb  during  the  winter  months — it  cannot  propagate 
itself  in  New  Orleans  from  December  to  May. ' ' 

The  French  investigators  found  this  mosquito  highly  susceptible  to 
temperature.  Their  findings  agree  very  closely  with  those  of  Reed  and 
Carroll.  If  the  temperature  goes  below  61°  F.  this  insect  becomes  slug- 
gish and  will  not  feed.  Below  57°  F.  it  becomes  torpid,  flies  with  diffi- 
culty and  no  longer  stands  firmly  upon  its  legs.  It  will  bite  promptly 
between  72°  F.  and  77°  F.,  but  it  is  most  vigorous  and  feeds  most  greed- 
ily when  the  temperature  runs  in  the  eighties. 

As  has  been  stated,  the  female  stegomjda  cannot  transmit  yellow  fever 
until  12  days  after  it  has  bitten  a  yellow  fever  patient.  Moreover,  the 
patient  must  be  bitten  during  the  first  three  days  of  his  illness  in  order 
that  the  mosquito  may  become  the  bearer  of  the  disease.  The  successful 
transmission  of  yellow  fever  from  one  individual  to  another  through  the 
mosquito  is  dependent  upon  these  conditions.  A  very  important  ques- 
tion arises  in  this  connection,  and  that  is,  how  long  does  the  adult  mos- 
quito live  and  how  long  does  the  infected  mosquito  carry  its  infection 
and  remain  able  to  transmit  it  to  man?  Reed  and  Carroll  demonstrated 
that  mosquitoes  may  infect  nonimmunes  at  any  time  between  12  and  57 
days  after  biting  a  yellow  fever  patient  during  the  first  three  days  of  his 
illness.  This  means  that  the  mosquito  becomes  dangerous  on  the  twelfth 
day  and  that  it  remains  dangerous  at  least  up  to  57  days.  How  much 
longer  the  infected  mosquito  carries  and  possesses  the  capability  of 
transmitting  the  parasite  has  not  been  determined.  The  French  inves- 
tigators kept  female  stegomyia  alive  106  days.  Guiteras,  in  Havana, 
kept  one  infected  female  alive  for  154  days.  So  far  as  we  have  been 
able  to  find,  this  is  the  longest  time  that  this  mosquito  has  been  knovtm 
to  live.    It  is  a  matter  of  observation  that  the  female  lives  longer  than 
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the  male  and  that  the  former  will  live  longer  if  fed  exclusively  upon 
sweet  substances  and  not  allowed  to  draw  blood.  Without  blood  the 
female  stegomyia  does  not  deposit  eggs,  and  it  seems  that  when  she  is 
unable  to  continue  her  species  she  is  permitted  a  longer  individual  life. 
Likewise,  the  male,  although  on  the  whole  shorter  lived  than  the  female, 
lives  longer  when  he  is  not  permitted  to  contribute  to  the  continuance 
of  his  kind  by  copulation  with  the  female. 

Flight.— Being  a  domestic  animal,  the  stegomyia  does  not  wander 
abroad  through  long  distances  but  clings  to  its  home  rather  tenaciously. 
Notwithstanding  these  facts,  the  stegomyia  is  apparently  strong  on  the 
wing  and  may  Avithstand  successfully  air  currents  which  carry  other 
species  with  them  or  force  them  to  hiding  places  in  the  foliage.  Prac- 
tically, the  chief  interest  concerning  the  length  of  flight  of  the  stego- 
myia lies  in  the  question  of  the.  transmission  of  yelloAv  fever  from  the 
shore  to  ships.    On  this  point  Carter  sums  up  as  follows: 

''Altliougli  direct  obseiTations  on  this  problem  are  few,  yet  there  are  certain  in- 
direct ones,  bearing,  however,  entirely  on  the  aerial  conveyance  of  the  stegomyia  in- 
fected with  yellow  fever.  It  is  notorious  that  yellow  fever  is  usually  conveyed  but  a 
short  ways  aerially,  'across  the  street,'  or  more  often  to  the  'house  in  the  rear,'  which 
is  about  as  far  as  it  was  expected  to  be  thus  conveyed.  This  represents  the  maximum 
distance  of  about  75  yards.  The  two  longest  distances  recorded  in  recent  times  of 
aerial  conveyance,  one  of  225  meters  and  one  of  76  fathoms — 456  feet — are  entirely 
exceptional.  So  much  for  the  distance  Avhicli  the  infected  stegomyia  is  conveyed — or 
rather  usually  conveyed — aerially.  On  the  other  hand  it  is  known  that  vessels  moored 
in  certain  districts  of  the  Havana  Harbor  did  not  develop  yellow  fever  aboard,  except 
in  those  who  had  been  ashore,  or  unless  they  lay  close  to  other  vessels  which  were  in- 
fected. This  expei'iment  has  been  made  on  so  large  a  scale — with  so  many  vessels  and 
for  so  many  years-=-that  we  must  accept  as  a  fact  that  an  infected  stegomyia  was  not 
conveyed  aerially  from  the  Havana  shore  to  those  vessels,  or,  allowing  for  errors,  was 
very  rarely  so  conveyed.  This  distance  which  had  been  found  safe  was  something  over 
200'  fathoms — 1,200  feet.  The  prevailing  wind  was  generally  slightly  on  shore,  but  was 
not  constantly  blowing.  Whether  there  is  any  difference  in  the  distance  to  which  in- 
fected or  noninfected  mosquitoes  are  conveyed,  is,  of  course,  entirely  a  matter  of  sur- 
mise. There  is  no  apparent  reason  why  there  should  be.  Yet  the  infected  stegomyiae 
have  almost  certainly  become  so  in  a  house;  and  vnth  their  very  domestic  habits  must 
be  found  out  of  doors,  where  they  would  be  subject  to  conveyance  by  the  wind  in  much 
smaller  numbers  than  the  uninfected  insects,  and  consequently  a  lesser  number  of  them 
would  be  conveyed  aerially.  Observation  is  needed  on  this  subject — the  distance 
(across  water)  that  stegomyiae  are  aerially  conveyed.  Goldberger,  very  ingeniously 
states  that,  on  account  of  its  diurnal  flight,  the  direction  of  the  wind  during  the  day 
only  need  be  considered  in  estimating  this  factor  in  their  aerial  conveyance,  and  states 
that  at  Tampico  he  failed  to  find  stegomyiae  aboard  vessels  lying,  for  10  or  15  days, 
about  half  a  mile  from  a  place  on  shore  where  they  were  abundant,  while  niunbers  of 
A.  albimanus  and  C.  quinquefasciatus  were  found.  The  wind  was  on  shore  during  the 
day  and  calm  or  off  sliore  during  the  night.  The  importance  of  this  point  is  obvious, 
as  on  the  coast,  except  when  overborne  by  the  trades^  the  direction  of  the  wind  is  very 
generally  different  by  day  and  night." 
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It  is  well  in  this  connection  to  again  call  attention  to  tlie  fact,  attested 
by  many  observations,  that  both  the  stegomyia  and  the  anopheles  are 
frequently  carried  on  board  ships  by  lighters,  tugs,  and  even  rowboats. 
Vaughan  states  that  in  1898  he  left  Siboney  on  the  southern  coast  of 
Cuba  a  few  miles  east  of  Santiago  Harbor  on  the  City  of  Santiago  car- 
rying about  300  yellow  fever  patients.  The  ship  passed  around  the 
eastern  end  of  Cuba,  then  turned  west  and  proceeded  to  Tampa  Bay, 
where  it  dropped  anchor  about  one-half  mile  from  Egmont  Key.  There 
were  no  mosquitoes  on  board  the  ship  during  this  trip  and  none  came 
on  board  after  dropping  anchor  until  communication  with  the  shore 
was  established  by  frequent  passage  of  life  boats.  After  this  communi- 
cation had  been  established  it  was  more  difficult  to  find  rest  at  night  in 
the  unscreened  state  rooms  on  the  ship  than  in  the  screened  tents  on 
shore. 

Mating". — Union  between  the  sexes  generally  takes  place  on  the  wing. 
The  male  meets  the  female  face  to  face,  attaches  himself  to  her  body, 
while  she  continues  to  fly  carrying  her  partner.  Copulation  continues 
for  only  a  few  seconds,  when  the  male  separates  himself  and  is  ready 
apparently  for  another  female.  In  rare  instances  the  female  alights 
while  the  two  sexes  are  still  engaged  in  the  conjugal  embrace.  This, 
however,  happens  rarely  and  it  is  diffiicult  to  capture  specimens  while 
engaged  in  the;  sexual  act  except  by  smashing  them  between  one's  hands. 
The  female,  apparently  bearing  the  burden  of  the  male's  body  during 
the  sexual  act,  flies  slowly  and  while  copulation  continues  both  may  be 
captured.  Copulation  takes  place  in  the  daytime  and  may  be  observed 
in  breeding  cages.  The  male  apparently  has  some  preference  for  the 
female  which  has  already  fed.  However,  feeding  on  the  part  of  the 
female  is  not  essential  to  attract  the  male.  Mosquitoes  bred  in  cages 
from  the  larvae  and  kept  from  the  possibility  of  drawing  blood  perform 
the  sexual  act.  However,  no  eggs  are  produced  until  the  female  has 
had  a  meal  of  blood,  preferably  human  blood. 

Breeding-Places. — It  seems  that  when  the  West  Indian  built  no  cities, 
distributed  no  tin  cans,  tubs,  or  other  water  receptacles  about  his  abode 
for  the  convenience  of  the  stegomyia,  this  insect  had  its  favorite  breed- 
ing-place in  tree  holes.  Howard  states  that  there  is  a  strong  probability 
that  Aedes  calopus  Avas  originally  a  tree-hole  breeding  mosquito  and  that 
even  now  it  will  be  found  breeding  in  such  receptacles,  provided  they 
are  close  to  human  habitations.  There  are  other  species  of  Aedes  which 
at  the  present  time  breed  almost  exclusively,  or  at  least  very  largely, 
in  tree  holes.  Possibly  when  the  Indian  lived  in  his  wigwam,  a  hole 
in  a  nearby  tree  supplied  the  best  residence  for  his  protege — the  stego- 
myia.    Howard  says: 

"Originally,   then,   a  tree-hole   species,   calopus   has   so   perfectly   adapted  itself  to 
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luiman  civilization  tliat  it  has  become  a  true  domestic  form  and  practically  dependent 
for  its  existence  upon  the  conditions  that  surround  human  habitations.  This  dependency 
upon  the  humaoi  species  is  undoubtedly  of  ancient  development.  The  preference  for 
human  blood  is  well  demonstrated,  and,  as  has  been  pointed  out,  the  work  done  by 
several  investigators  seems  to  prove  that  this  insect  does  not  oviposit  until  after  having 
had  a  meal  of  blood.  Although  Goeldi  has  shown  oviposition  after  a  meal  of  guinea 
pig  blood  he  considers  human  blood  more  efficacious  in  bringing  about  ovulation.  We 
have  already  demonstrated  that  calopus  is  essentially  a  town  mosquito.  The  larvae  are 
found  practically  exclusively  in  artificial  receptacles  about  human  habitations.  It 
may  be  said  that  the  larvae  of  calopus  are  never  found  in  swamps,  in  pools,  or  in  tem- 
porary puddles,  even  when  these  are  in  close  proximity  to  houses. ' ' 

Durham,  studying  the  stegomyia  at  Para,  makes  the  following  state- 
ment: 

"Casual  water  in  vessels,  etc.,  in  and  about  houses,  such  as  buckets,  tins,  washtubs, 
rain  gutters,  ant-guards  (perforated  troughs  to  protect  plants  in  gardens,  and  sugar, 
etc.,  in  houses),  larger  and  deeper  collections  of  water  as  casks  or  hogsheads  full  of 
rain  water.  Also  in  bilge  water  of  barges,  lighters,  etc.  Not  found  in  sewage  col- 
lections as  cesspools,  stable  runnings,  etc.,  although  found  in  neighborhood  in  cleaner 
waters.     Also  not  found  in  natural  puddles  in  forests  or  streets,  etc." 

In  Havana,  Eeed  and  Carroll  found  this  mosquito  breeding  most  fre- 
quently in:  (1)  Rain-water  barrels.  (2)  Sagging  gutters.  (3)  Tin  cans 
which  had  been  used  for  removing  excreta  and  which  still  contained  a 
small  amount  of  fecal  matter.  (4)  Cesspools.  (5)  Tin  cans  placed  under 
table  legs  to  prevent  the  inroads  of  red  ants.  (6)  Water  at  the  base  of 
leaves.     (7)  In  one  end  of  a  horse  trough  in  daily  use. 

In  New  Orleans,  breeding-places  have  been  found  in  sagging  roof 
gutters,  in  water-closet  tanks,  in  water  under  houses,  in  tanks  kept  in 
the  house  for  the  purpose  of  cooling  wine,  in  the  pans  of  water  kept  un- 
der the  table  legs  to  keep  the  ants  from  crawling  up,  in  lye  barrels,  and 
in  holy  water  fonts  in  the  churches.  Some  years  ago  Howard  called 
attention  to  the  frequency  with  which  stegomyia  was  found  breeding 
in  holy  water  fonts.  This  led  to  several  modifications  of  these  provi- 
sions. One  substitute  is  a  moist  sponge,  another  consists  of  a  faucet  so 
regulated  that  the  water  falls  into  the  basin  only  drop  by  drop. 

Every  conceivable  thing  in  or  about  the  house  Avliich  contains  water 
may  serve  as  a  breeding-place  for  the  stegomyia.  In  addition  to  the 
things  already  mentioned,  -this  insect  has  been  found  breeding  in  the 
small  accumulations  of  water  in  the  bottoms  of  beer  bottles  turned 
upside  down  and  used  for  the  borders  of  flower  beds ;  in  broken  bot- 
tles placed  on  brick  and  stone  walls;  in  the  folded  leaves  of  banana 
plants;  in  cisterns;  in  drinking  pails  kept  in  the  house;  in  short,  the 
stegomyia,  being  a  member  of  the  household,  utilizes  every  water  recep- 
tacle which  man  is  kind  enough  to  provide. 

The  Eg'g'S.- — The  stegomyia  deposits  its  eggs  upon  the  surface  or  near 
the  surface  of  water.     They  are  produced  after  feeding  upon  blood  in 
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lots  whicli  vary  greatly  in  number.  Eeed  and  Carroll  confirmed  Fin- 
lay's  observation  that  tlie  females  deposit  their  eggs  usually  v^ithin 
seven  days  after  they  have  had  a  meal  of  blood.  Sometimes  this  occurs 
within  half  this  time.  The  findings  of  the  French  Commission  show 
that  the  female  of  this  species  after  fertilization  by  the  male  will  not 
develop  her  eggs  until  she  has  fed  upon  blood.  In  one  instance  they 
placed  10  females  and  15  males  together  in  a  cage  on  the  same  day  they 
had  issued  from  the  pupae.  After  48  hours  three  of  the  females  were 
taken  out  and  given  a  blood  meal.  One  of  these  deposited  her  eggs  after 
four  days  and  a  second  after  six  days.  After  18  days  three  of  the 
females  that  had  been  fed  on  honey  only  and  that  had  not  deposited  any 
eggs  were  allowed  to  suck  blood,  after  which  they  deposited  eggs  within 
five  days.  The  remaining  females,  which  were  not  allowed  to  suck 
blood,  died  without  depositing  eggs.  According  to  Goeldi,  even  unfer- 
tilized females  lay  eggs  after  being  fed  upon  blood,  but  these  eggs  do 
not  produce  larvae.  After  having  deposited  all  the  eggs  the  female  dies 
within  14  days.  In  making  experiments  of  this  kind  it  is  necessary  that 
the  mosquitoes  be  bred  from  the  larvae,  because  if  the  adults  are  caught 
one  does  not  know  whether  they  have  fed  upon  blood  or  not.  The 
French  investigators  are  of  the  opinion  that  the  female,  in  order  to 
eliminate  all  the  eggs  in  her  body,  must  be  fed  several  times  upon  blood. 
After  having  deposited  her  eggs,  or  at  least  one  batch  of  them,  the 
female  will  bite  every  24  hours  and  sometimes  even  more  frequently. 
It  is  thought  that  there  is  a  reserve  of  spermatozoa  deposited  Avithin  the 
female  and  that  she  continues  to  lay  eggs  until  this  reserve  has  been 
exhausted. 

Finlay  says  that  the  eggs  are  deposited  singly  or  in  rows  of  from  nine 
to  fifteen;  sometimes  upon  the  water,  at  other  times  upon  adjoining  ob- 
jects very  close  to  the  water  level,  so  that  slight  elevation  of  the  water 
will  float  them.  According  to  the  French  Commission,  the  eggs  are 
laid  at  the  edge  of  the  water,  or  more  frequently  upon  the  surface  of  the 
water.  According  to  Durham,  the  eggs  are  deposited  close  to  the  edge 
of  the  water,  more  rarely  on  the  surface.  At  all  times  they  are  so 
near  the  surface  that  they  are  most  liable  to  be  carried  to  the  water. 
Agramonte  gives  the  following  description  of  the  method  of  oviposition : 

"The  mosquito  aliglited  upon  the  water,  which  was  iu  a  small  beaker  inside  the  jar, 
mth  legs  spread  wide  apart.  The  abdominal  segments  being  bent  forwards  and  down- 
wards, she  dipped  her  whole  body  until  the  last  segment  touched  the  surface  of  the 
water;  then  she  rose,  walked  a  few  steps,  and  dipped  again.  This  she  would  do  re- 
peatedly (1-i  to  22  times),  when  she  would  remain  for  a  slightly  longer  time  with  the 
last  abdominal  segment  touching  the  water,  and  would  allow  a  minute  white  egg  to 
issue  forth  upon  the  surface.  In  this  way  she  laid  at  the  rate  of  three  eggs  per  minute, 
resting  quietly  after  every  sixth  or  eighth  egg  for  about  30  seconds  when  she  would 
resume  the  process." 
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According  to  Taylor,  the  number  of  eggs  deposited  by  a  single  female 
varies  from  35  to  114.  Goeldi  thinks  that  the  maximum  number  of  eggs 
from  one  female  ranges  between  50  and  100,  but  he  states  that  on  one 
occasion  the  last  number  was  exceeded.  The  French  Commission  places 
the  number  of  eggs  from  a  single  female  at  144.  These  investigators 
also  state  that  the  first  batch  of  eggs  is  much  the  largest,  sometimes 
numbering  between  70  and  95,  while  the  succeeding  batches  are  smaller 
and  never  number  more  than  30.  According  to  Goeldi,  the  female  with 
an  abundant  blood  supply  does  not  die  until  she  has  deposited  all  the 
eggs  within  her  body.  However,  others  have  found  on  dissection  of 
females  after  natural  death  30  or  more  partly  developed  eggs  still  in 
the  body. 

The  eggs  are  quite  resistant  to  unfavorable  external  conditions.  On 
this  point  Eeed  and  Carroll  state: 

"The  resistance  of  stegomyia's  eggs  to  external  influences  is  worthy  of  note. 
Drying  seems  to  be  but  little  injurious  to  their  subsequent  fertility.  We  have  found 
that  eggs  dried  on  filter  paper,  and  kept  for  periods  of  from  10  to  90  days,  will 
promptly  hatch  when  again  submerged  in  water.  Dried  eggs,  brought  with  us  from 
Havana,  in  February,  were  easily  hatched  during  the  month  of  May  in  Washington, 
furnished  about  sixty  per  cent  of  the  usual  number  of  larvae  hatched  from  fresh  eggs. 
Freezing  does  not  destroy  the  fertility  of  the  eggs.  Although  freezing  with  a  mixture 
of  salt  and  ice  for  30  minutes  has  several  times  seemed  to  prevent  subsequent  hatching, 
on  one  occasion  a  batch  of  155  eggs,  freshly  deposited,  which  were  frozen  at  a  temperar 
ture  of  -17°  C,  for  one  hour,  then  thawed  out  at  room  temperature  and  placed  in  the 
incubator  at  35°  C.  began  to  hatch  on  the  sixth  day,  the  majority  furnisliing  active 
lai-vae  on  the  eighth  day.  In  another  observation,  freshly  deposited  eggs,  frozen  at  —17° 
C.  for  half  an  hour  on  two  successive  days,  began  to  hatch  on  the  third  day  as  usual 
at  incubator  temperature.  The  resistance  of  stegomyia's  eggs  to  drying  for  a  period 
of  three  months  would  appear  to  demonstrate  that  this  genus  of  mosquito  could  survive 
the  winter  in  Havana,  without  the  presence  of  hibernating  females.  Doubtless  the 
genus  is  preserved  in  both  ways.  It  is  probable  that  the  same  would  occur  in  our 
extreme  southern  latitudes." 

Theobald,  in  England,  hatched  eggs  two  months  and  a  half  after 
they  had  arrived  from  Cuba.  Howard  states  that  in  the  majority  of 
the  species  of  Aedes  the  eggs  do  not  hatch  until  the  following  year  and 
that  a  percentage,  with  some,  and  we  believe  with  many,  species  remains 
dormant  until  the  second  year.  Agramonte  found  that  eggs  deposited 
in  the  lye  of  wood  ashes,  employed  by  laundresses  in  Cuba  for  the 
purpose  of  whitening  clothes,  hatched  more  quickly  than  in  dirty  water. 
According  to  the  same  observer,  the  egg  stage  is  from  15  hours  to  3 
days.  Taylor  gives  the  duration  of  this  stage  as  from  12  to  24  hours, 
while  Goeldi  gives  the  minimum  duration  as  3  days.  Evidently,  this 
depends  upon  external  conditions,  especially  upon  temperature.  It 
seems  probable  that  eggs  deposited  out  of  the  water  hatch  more  quickly 
when  submerged  than  those  deposited  directly  upon  the  surface  of  the 
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water.  Eggs  deposited  upon  the  surface  are  easily  submerged  by  dis- 
turbing the  water.  Some  hold,  however,  that  such  submergence  pre- 
vents the  eggs  developing  even  after  they  are  brought  to  the  surface. 
This  depends  apparently  upon  the  temperature,  and  possibly  upon  the 
chemical  composition  of  the  water.  Continued  submergence  evidently 
softens  the  egg  shell  and  finally  permits  Avater  to  enter  the  egg,  after 
which  it  will  no  longer  develop  into  larva.  In  the  normal  hatching  the 
shell  splits  transversely  at  about  one-fourth  the  distance  from  the 
larger  end,  while  the  dead  egg  splits  longitudinally.  South  American 
observers  have  tested  the  effect  of  high  as  well  as  of  low  temperature 
on  the  hatching  of  eggs.  Eggs  placed  for  five  minutes  in  an  oven  with 
temperature  ranging  from  37°  to  47°  C,  when  afterwards  placed  in 
water,  hatched  after  48  hours.  The  larvae  from  these  eggs  developed  in 
normal  manner.  When  exposed  to  a  temperature  above  48°  C.  for  five 
minutes  most  of  the  eggs  failed  to  hatch  and  those  that  did  were  de- 
layed in  the  process.  The  eggs  of  the  stegomyia  will  not  hatch  in  pure  sea 
water,  but  they  may  develop  in  brackish  water. 

The  Larvae. — The  larvae  of  the  stegomyia  behave  quite  differently 
from  those  of  the  anopheles.  They  hang  in  the  water  almost  perpen- 
dicular and  when  affrighted  by  any  unusual  movement  they  go  to 
the  bottom,  where  they  can  live  for  a  long  time  without  the  necessity 
of  coming  to  the  top  for  air.  This  is  a  matter  of  considerable  practical 
importance.  When  a  vessel  containing  larvae  is  disturbed  these  insects 
drop  to  the  bottom,  and  the  greater  part  of  the  water  may  be  dipped 
out  without  catching  an  individual.  If  the  receptacle  be  turned  up  and 
the  water  poured  out  a  large  percentage  of  the  larvae  may  still  cling 
to  the  bottom.  Stegomyia  larvae  are  bottom  feeders.  Banks,  studying 
these  insects  in  the  Philippines,  says : 

* '  They  feed  largely  upon  the  sediment  contained  in  the  dregs,  which  may  be  both 
animal  and  veget-able  in  its  character,  but  more  frequently  vegetable,  as  it  is  composed 
of  the  bits  of  decaying  nipa  forming  roofs  from  which  the  rain  water  is  collectedi 
The  larvae,  in  feeding,  move  forward  over  the  bottom  of  the  vessel,  taking  in  the 
particles  of  food  with  great  rapidity  and  rejecting  tiny  morsels  of  undesirable  material 
in  a  constant  stream. ' ' 

Eeed  and  Carroll  found  that  the  larvae  grow  abundantly  in  water 
containing  small  amounts  of  human  excreta.  It  has  furthermore  been 
found  in  breeding  these  insects  under  artificial  conditions  that  their 
growth  is  enhanced  by  the  addition  of  a  small  amount  of  feces.  Tem- 
perature has  a  marked  influence  upon  the  development  of  the  larvae. 
This  point  is  discussed  by  Eeed  and  Carroll  as  follows : 

"We  have  just  seen  that  at  summer  temperature  the  required  time  for  a  complete 
generation  of  this  insect  is  from  11  to  18  days.  "We  may  say  that  at  an  average  tem- 
perature of  75°   F.,  or  over,  stegomyia  multiplies  abundantly.     Exposure  to  a  cooler 
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temperature,  even  for  a  short  time  daily,  much  retards  the  development  of  this  mosquito. 
Thus,  a  batch  of  51  eggs  kept  at  35°  C,  but  which  were  placed  in  a  cool  chamber  at 
20°  C.  for  two  hours  daily  during  the  whole  process  of  development,  although  furnishing 
a  few  larvae  at  the  end  of  the  third  day,  were  not  all  hatched  until  the  eleventh  day. 
The  first  pupae  appeared  on  the  fourteenth  day  and  the  first  mosquito  on  the  nineteenth 
day;  the  whole  process  being  completed  in  27  days,  instead  of  the  usual  15  or  18  daya. 
The  loss  of  insects  was  about  fifty  per  cent.  Eggs  kept  at  a  temperature  of  20°  C. 
do  not  hatch,  in  our  experience.  N"ewly  hatched  larvae  kept  at  this  temperature  develop 
very  slowly  and  require  about  20  days  to  reach  the  pupal  stage.  Mosquitoes  developed 
under  such  conditions  are  feeble,  and  but  few  arrive  at  maturity.  Young  larvae  kept 
at  10°  C.  have  failed  to  reach  the  pupal  stage — although  some  growth  takes  place.  In 
one  experiment  more  than  fifty  per  cent  were  dead  at  the  end  of  two  weeks,  and  none 
survived  the  thirty-second  day.  Half-grown  larvae  and  pupae  exposed  to  a  temperature 
of  20°  C,  and  even  as  low  as  10°  C,  continue  to  develop  slowly,  but  the  few  insects 
which  escape  drowning  have,  as  a  rule,  been  of  feeble  strength  and  have  refused  to 
bite.  Although  the  reduction  of  the  temperature  to  the  freezing  point,  or  below,  Avould 
not  necessarily  destroy  the  vitality  of  eggs  of  this  genus  of  mosquito,  it  should  be  re- 
membered that  reduction  of  temperature  to  68°  P.,  or  below,  for  even  a  few  hours  of 
the  24,  will  much  retard  the  development  of  the  generation.  At  a,  temperature  less 
than  68°  F.  the  eggs  of  this  insect  have  ceased  to  hatch." 

The  French  investigators  found  that  larvae  of  stegomyia  placed  in  a 
solution  of  Marseilles  soap  1-1,000  died  in  five  minutes.  In  solutions 
containing  one  part  of  soap  to  200,000  parts  of  water  they  develop 
normally.  Larvae  were  found  breeding  in  tubs  in  which  linen  had 
been  washed.  This  is  due  to  the  fact  that  the  soapy  water  on  standing 
decreases  in  alkalinity.  Although  Agramonte  in  Havana  and  Jennings 
in  Colombia  found  the  larvae  in  earthen  pots  containing  wood  ashes, 
it  must  be  remembered  that  such  solutions  decrease  markedly  in  al- 
kalinity on  standing.  The  Yellow  Fever  Commission  to  Vera  Cruz  found 
that  when  water  containing  stegomyia  larvae  is  poured  upon  the  ground 
and  rapidly  absorbed,  the  insect  perishes  within  a  few  hours.  The  larvae 
dried  between  folds  of  filter  paper  also  died  in  a  short  time.  However, 
many  experiments  of  this  kind  have  been  made  and  the  results  re- 
ported have  differed  widel}^  This  is  probably  due  to  the  fact  that  the 
humidity  of  the  air  in  which  the  experiments  have  been  made  has  varied 
greatly.  If  poured  upon  the  soil  and  kept  moist  the  larvae  will  retain 
their  vitality  for  even  two  weeks,  possibly  longer,  and  on  the  addition 
of  more  water  may  develop  into  the  adult  stage. 

Geographical  Distribution  of  Stegomyia  Calopus. — There  has  been 
much  discussion  concerning  the  native  habitat  of  this  mosquito.  Some 
of  these  discussions  are  exceedingly  interesting,  but  the  authors  mix 
the  geographical  distribution  of  the  mosquito  with  that  of  yellow  fever. 
As  is  the  case  with  malaria,  the  geographical  distribution  of  the  insect 
is  much  wider  than  that  of  the  disease.  According  to  Theobald,  Steg- 
omyia calopus  has  a  wide  range  from  about  38°  north  to  the  same  dis- 
tance south  of  the  equator.     It  is  found  widely  prevalent  in  Australia, 
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New  Guinea,  the  Celebes,  farther  India,  southern  Japan,  eastern  Hin- 
dustan, the  Seychelles  Islands,  southeastern  Africa,  the  whole  of  the 
African  west  coast  down  to  Cape  Colony,  Spain,  and  southern  Italy. 
In  the  Western  Hemisphere,  this  mosquito  is  found  on  the  east  coast  of 
South  America  from  British  Guiana  to  the  La  Plata  River,  all  through 
Central  America  down  the  western  coast  of  South  America,  over  the 
West  Indies  and  the  greater  part  of  the  southern  United  States.  It 
should  be  understood  that  this  mosquito  does  not  hibernate  in  the 
colder  portions  of  the  territories  above  mentioned.  Its  existence  during 
the  colder  season  is  due  to  the  preservation  of  the  eggs,  and  possibly 
the  larvae.  Since  the  virus  is  not  transmitted  from  one  generation  to 
another  through  the  eggs,  yellow  fever  does  not  hibernate  in  this  coun- 
try. There  is  no  instance  of  this  kind  on  record.  On  this  point,  we 
make  the  following  quotation  from  Ploward : 

"The  foregoing  consideration  of  the  temperature  conditions  governing  the  breeding 
of  Aedes  calopus  explains  why  epidemics  of  yellow  fever  have  occurred  on  the  Atlantic 
Coast  of  North  America  even  as  far  north  as  Montreal,  and  may  again  occur,  whereas 
no  epidemic  has  occurred  on  the  Pacific  Coast,  nor  is  it  possible  for  one  to  occur.  The 
summer  temperature  of  the  Atlantic  Coast  is  for  long  periods  at  or  above  80°  both  day 
and  night,  so  that  the  mosquito,  once  carried  by  ship  or  otherwise  from  regions  of  its 
permanent  occurrence,  may  breed  in  large  numbers  in  our  cities.  It  needs  then  only 
the  introduction  of  cases  of  yellow  fever  to  start  an  epidemic.  On  the  Pacific  Coast, 
on  the  other  hand,  the  nights  are  so  cold  that  the  mosquito  cannot  survive.  It  is  as 
regularly  imported  into  Pacific  Coast  ports  as  into  Atlantic  ones.  We  have  records  of 
specimens  taken  at  San  Diego  and  San  Francisco.  It  breeds  permanently  in  all  of  the 
west  coast  Mexican  seaports  and  must  be  frequently  brought  to  the  Califomian  coast. 
Yet  it  has  never  been  known  to  appear  there.  This  seems  at  first  sight  strange,  siuce 
the  mean  annual  temperature  of  southern  California  is  much  above  that  of  eastern 
cities  where  epidemic^  have  occurred.  In  San  Diego  and  Los  Angeles  one  sees  tropical 
vegetation  on  every  hand  growing  unprotected  and  severe  cold  is  unknown.  Yet  the 
nights  are  cold,  even  in. summer,  and  it  is  this  condition,  the  low  minimum  night  tem- 
peratures, that  the  freedom  from  Aedes  calopus,  and  consequently  from  yellow  fever 
epidemics,  is  due." 

There  has  been  some  animated  discussion  as  to  the  African  or  Amer- 
ican origin  of  this  mosquito.  The  strongest  statement  for  its  African 
origin  is  that  supplied  by  Goeldi,  from  which  we  make  the  following 
quotation: 

' '  I  am  well  acquainted  with  the  arguments  of  those  authors  who  claim  that  stegomyia 
is  of  American  origin.  They  are  based  chiefly  on  the  story  of  the  voyage  of  Cliristopher 
Columbus.  Without  disputing  whether  the  disease  which  killed  a  part  of  the  crew  of 
the  caravels  of  the  conquerors  was  indeed  identical  with  yellow  fever,  does  this  in  itself 
amount  to  a  positive  proof  that  this  disease  did  not  previously  exist  on  the  coast  of 
Africa?  Most  certainly  not.  At  most  it  might  be  objected  that  no  historical  documents 
exist  relating  to  the  existence  of  stegomyia  in  Africa  before  Columbus.  Further,  from 
the  absence  of  any  historic  document  about  any  given  fact  there  can  never  be  deduced 
the  nonexistence   of  this  fact.      There   are   evidently  many  things  which  happened  in 
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this  sublunary  world  of  which  no  human  historian  has  left  us  a  story  and  which  never- 
theless are  most  certainly  true.  Let's  examine  this  question  a  little  more  closely. 
Stegomyia  fasciata  is,  as  we  know,  a  mosquito  which  infests  great  cities,  populous 
centers  of  the  shore  and  neighboring  regions.  Now,  I  ask  where  were  these  great  cities 
which  the  European  invaders  should  have  found  along  the  Atlantic  Coast  from  the 
Antilles  even  down  to  the  Rio  de  la  Plata?  Where  are  those  points  where  the  indigenous 
Americans  were  found  in  populous  permanent  residences?  There  were  none,  and  this 
in  no  wise  surprises  us,  considering  the  habits  and  customs  of  the  Indians.  The  in- 
digenous American  was  at  all  times  that  which  he  is  today;  endowed  with  the  love  of 
liberty  he  never  had  the  habit  or  even  the  tendency  to  group  and  concentrate  himself 
in  really  considerable  collective  residences.  His  village  consisted  of  a  few  dozen 
houses — in  most  cases  not  even  one  hundred  being  found  in  a  limited  area.  They  were 
peasants  rather  than  townspeople;  as  with  ants  and  bees,  an  increase  of  members 
always  produced  for  them  as  a  consequence  migration  of  groups,  dismemberment — a  new 
village  was  formed,  half  a  day,  a  day,  or  two  days  farther  up  the  river,  farther  down 
til©  river,  farther  in  the  forest,  and  this  in  turn  became  disintegi'ated  in  view  of  the 
restless  and  nomadic  character  of  the  Indian  long  before  it  could  have  acquired  any 
considerable  increment  or  dimensions.  They  are  not  properly  sociable  in  their  dwelling 
places;  if  among  them  the  social  spirit  exists  it  merely  shows  itself  at  the  time  of 
feasts,  of  warlike  enterprises  or  of  great  migrations,  etc.  During  transitory  and  pass- 
ing occasions  there  are  indeed  agglomerations  of  people  but  inchoate,  ready  to  break  up, 
and  their  camps  cannot  even  be  called  temporary.  The  occasion  over  the  multitude 
dissolves  itself  as  by  enchantment  or  before  the  breath  of  the  wind.  Now  such  condi- 
tions are  not  to  the  taste  of  Stegomyia  fasciata. 

"On  the  other  hand,  what  do  we  find  in  Africa?  One  of  the  most  striking  ethno- 
logical characteristics  of  the  black  people  is  precisely  the  social  spirit  strongly  devel- 
oped. In  the  stories  of  all  travelers  we  find  at  every  moment  expressions  of  surprise 
and  admiration  as  to  the  grouping  of  houses,  attaining  numerical  dimensions  so  great 
as  to  prevent  a  rapid  census.  In  that  country  there  are  frequently  found  centers  of- 
ten, fifteen,  or  twenty  thousand  inhabitants,  and  yet  these  are  barely  called  villages;  in 
Africa  the  idea  of  a  city  is  only  given  consideration  with  such  centers  as  possess  a 
multiple  of  the  above  figures.  Here  we  have  the  condition  of  affairs  that  admirably 
meets  that  which  the  stegomyia  wants  and  demands.  It  is  the  very  best  condition  for 
its  life  requirements :  a  hot  and  humid  climate  and  very  large  groups  of  human  beings. 
All  I  wish  to  set  do-mi  in  brief  words  is  that  a  careful  comparison  of  the  ethnological 
situation  there  and  here — and  this  certainly  constitutes  a  factor  of  the  utmost  im- 
portance in  the  matter — at  once  demonstrates  the  indubitable  advantage  on  the  side  of 
the  African  origin  of  Stegomyia  fasciata. 

"Another  series  of  considerations  which  in  the  highest  degree  tend  to  upset  the 
theory,  so  weak  in  its  base,  of  the  American  origin  of  Stegomyia  fasciata,  are  opened 
up  as  soon  as  we  weigh  the  results  obtained  by  critioal  examination  of  the  partnership, 
Stegomyia  fasciata — Ciilex  fatigatns.  In  a  previous  essay  I  frequently  and  persistently 
pointed  out  that  these  two  mosquitoes  are  inseparable  companions  all  over  the  world, 
and  I  demonstrated  that,  one  a  diurnal  and  the  other  a  nocturnal  mosquito,  have  to- 
gether formed  a  partnership  admirably  organized  to  take  in  daily  cyclic  rotation 
tribute  from  man  in  the  tropical  zone.  Now  it  is  worth  while  noting  that  the  type 
specimen,  the  oiigiual  which  served  for  the  first  description  of  Oulex  fatigans  by  Wiede- 
mann in  1828,  came  from  .the  oriental  Jndies.  This  circumstance,  if  indeed  by  itself 
alone  it  does  not  amount  to  proof,  is  nevertheless  of  no  small  symptomatic  importance. 

"I  ask  this:  Does  this  ominous  partnership  of  Stegomyia  fasciata  and  Culex  fatigans 
date  from  yesterday?     Is  it  perhaps  an  accidental  result  in  the  tropical  part  of  the 
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New  World?  I  believe  that  it  is  of  a  date  much  farther  back  and  that  we  must  find 
the  locality  where  the  pact  was  celebrated  in  some  part  of  the  Old  World,  and  that 
it  was  not  accidental  but  the  natural  consequence  of  an  almost  identity  of  common 
interests.  I  believe  that  there  are  good  arguments  indicating  the  Ethiopie-Indian 
nativity  of  this  alliance,  and  the  more  I  examine  it  the  more  it  seems  desirable  to  me 
that  there  should  be  a  conscientious  and  critical  investigation  undertaken  into  the 
question  of  an  eventful  parallelism  between  the  distribution  and  dispersion  in  ancient 
and  modern  times,  of  the  black  human  race  on  the  one  hand,  and  of  the  two  mosquito 
partners  in  their  damnable  offensive  alliance  on  the  other. 

"It  is  indispensable  not  to  lose  sight  of  the  fact  that  he  would  be  ill  advised  who 
would  permit  himself  to  be  impressed  and  influenced  one-sidedly,  and  partially  by  the 
aspect  which  things  present  today  in  this  field.  Do  you  wish  an  example?  It  is  not 
necessary  to  go  far  to  find  a  most  drastic  one.  Brazil  today  is  the  greatest  producer 
of  coffee  and  undoubtedly  is  the  country  where  the  greatest  number  of  coffee  trees 
have  been  planted.  Now  suppose  for  a  moment  that  there  was  a  complete  disappearance 
of  aU  historical  documents  proving  the  Asiatic  origin  of  the  coffee  plant  and  of  its 
introduction  into  Brazil  via  Cayenne,  who  would  imagine  that  the  original  country  of 
this  tree  was  Arabia?  And  is  it  not  an  absolute  fact  that  this  very  historical  remem- 
brance is  becoming  weaker  every  day  in  popular  knowledge  here  in  Brazil  vnth.  the 
increasing  interval  of  time  separating  us  from  the  moment  of  introduction  which  never- 
theless was  scarcely  200  years  ago?" 

We  have  quoted  the  above  somewhat  in  extenso  because  it  is  a  strong 
and  rather  eloquent  plea  for  the  African  origin  of  the  stegomyia.  How- 
ever as  Knab  has  pointed  out,  there  are  weaknesses  in  the  arguments 
of  Goeldi.  There  were  rather  extensive  cities,  at  least  in  Central  Amer- 
ica, before  the  time  of  Columbus,  as  is  shown  by  their  ruins  in  Yucatan 
and  neighboring  provinces.  Furthermore,  there  are  evidences  of  exten- 
sive settlements  in  Goeldi 's  own  country — ^Brazil,  and  in  the  neighbor- 
ing countries  to  the  west.  One  cannot  resist  the  theory  that  in  all 
human  probability  yellow  fever,  possibly  aided  by  other  diseases,  was 
a  factor  in  the  deterioration  of  the  civilization,  the  existence  of  which 
in  Central  and  South  America  is  indubitably  attested  by  the  ruins  now 
found  in  these  localities.  Furthermore,  it  is  within  the  range  of  possi- 
bility that  the  wide  prevalence  of  yellow  fever  had  a  causative  relation- 
ship to  the  nomadic  habits  of  the  red  man  at  the  time  of  his  discovery 
by  Columbus.  Boyce  is  quite  sure  that  both  the  mosquito  and  the 
disease  which  it  transmits  are  indigenous  to  America.  This  author 
refers  to  one  of  the  chroniclers  of  the  voyage  of  Columbus,  Oviedo,  who 
describes  the  great  mortality  among  the  sailors  to  the  newly  discovered 
world  in  1494.  At  the  time  the  high  death  rate  Avas  attributed  to  the 
great  humidity  of  San  Domingo,  and  Columbus,  in  reporting  to  the 
King  of  Spain  on  the  sickness  among  his  men  in  1498,  attributed  it 
to  the  peculiarities  in  the  water  and  air.  It  appears  that  the  first  name 
given  to  this  disease  by  the  Spanish  voyagers  was  vmniio  priefo.  The 
word  prieto  is  obsolete  Spanish  and  more  recent  Portuguese.  It  means 
black  and  the  word  negro  has  been  substituted  for  it.     In  1753  Gastel- 
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bondo,  published  in  Madrid  liis  more  than  40  years'  experience  with 
vomito  negro  as  lie  had  seen  it  at  Carthagena,  S.  A. 

There  is  room  for  discussion  as  to  whether  the  original  home  of 
yellow  fever  is  Central  America,  Mexico,  or  the  West  Indies.  Some 
most  distinguished  investigators  and  students  of  the  history  of  this 
disease  are  inclined  to  the  opinion  that  it  prevailed  in  Central  America, 
including  parts  of  Mexico,  before  it  found  its  way  into  the  West  Indies. 
The  first  undoubted  and  unquestionable  proof  of  its  existence  in  Cuba 
dates  from  1620,  when  it  Avas  known  as  ''the  pest  of  Havana." 

Concerning  the  population  of  the  region  now  known  as  Panama  when 
first  visited  by  the  Spaniards,  Gorgas  writes  that  it  was  thickly  in- 
habited by  a  mild-mannered  population  who  lived  principally  by  agri- 
culture. In  the  records  of  Balboa's  expeditions,  he  states  that  as  he 
marched  from  town  to  to"VATi  he  easily  obtained  supplies  and  was  able 
to  procure  from  500  to  1,000  porters  for  carrying  his  baggage.  In  every 
town  he  secured  gold  in  such  quantities  that  it  could  have  been  fur- 
nished only  by  a  densely  inhabited  and  industrious  country.  The  Re- 
public of  Panama  now  covers  some  31,571  square  miles  and  it  is  divided 
into  two  parts  near  its  center  by  the  Panama  Canal.  The  western  half 
now  contains  all  the  population  of  the  republic,  with  the  exception  of 
a  few  wild  Indians.  In  Balboa's  time  the  eastern  half  was 'the  more 
densely  populated.  Columbus  regarded  Panama  as  the  richest  of  his 
American  discoveries  and  the  name  which  he  bestowed  upon  this  coun- 
try was  Castilla  del  Oro. 

Transportation  by  Man. — For  more  than  200  years  the  country  which 
we  now  occupy  was  in  annual  danger  of  the  importation  of  yellow  fever 
from  the  West  Indies,  Central  America,  South  America,  and  Mexico. 
Millions  of  dollars  were  spent  in  quarantine  and  in  the  disinfection  of 
merchandise.  Trade  with  the  above  named  countries  was  rendered  diffi- 
cult and  was  often  delayed,  but  nevertheless  the  disease  was  introduced 
into  this  country  nearly  100  times.  Ships  were  held  at  our  ports  for 
a  sufficient  length  of  time  to  cover  what  was  believed  to  be  the  period 
of  incubation.  Much  damage  to  cargoes  was  done  and  when  yellow 
fever,  notwithstanding  all  these  precautions,  found  its  way  into  one  of 
our  ports,  disaster  to  all  daily  pursuits  followed  and  was  often  accom- 
panied by  appalling  death  rates.  Now  we  know  that  this  disease  is 
not  transmitted  by  any  other  agency  than  the  one  species  of  stegomyia, 
and  consequently  all  efforts  to  stay  the  disease  and  to  eradicate  it  where 
it  has  already  secured  a  foothold  lie  in  the  destruction  of  this  pest. 

It  would  be  interesting,  had  we  space,  to  consider  some  of  the  epi- 
demics which  have  appeared  in  this  country  in  the  past  50  years.  In 
1888  there  was  an  outbreak  in  the  village  of  Decatur  on  the  L.  &  N. 
Railroad    in   northern   Alabama.      Immediately    on   the    appearance    of 
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the  disease  at  this  place,  Dr.  Cochrane,  health  oi^cer  of  the  state,  went 
to  Decatur  and  attempted  to  inaugurate  such  methods  as  were  then 
believed  to  be  necessary  in  the  control  of  this  disease.  The  Mayor  of 
the  city,  through  the  Associated  Press,  asked  the  people  of  the  United 
States  to  send  food  and  clothing  to  Decatur.  The  state  health  officer 
protested  that  this  should  not  be  done.  With  the  arrival  of  the  first 
train  bearing  supplies  to  the  stricken  city,  hundreds  of  tramps,  white 
and  black,  flocked  to  the  place  in  order  to  profit  by  the  distribution  of 
food  and  clothing.  The  state  health  officer  became  the  most  unpopular 
man  in  Decatur.  Notwithstanding  every  effort  he  made,  the  disease 
continued  until  frost,  when  it  suddenly  ceased.  The  people  of  Decatur 
predicted  that  there  would  be  another  outbreak  the  coming  year  and 
petitioned  the  President  of  the  United  States  to  have  Decatur  burned 
and  rebuilt  in  anticipation  of  the  awakening  of  the  virus  which,  ac- 
cording to  their  prediction,  would  bring  new  disaster  upon  the  locality. 
The  state  health  officer,  with  a  full  knowledge  of  the  history  of  every 
epidemic  that  had  visited  this  country,  opposed  this  petition  and  held 
that  yellow  fever  had  never  been  known  to  hibernate  in  this  country. 
Fortunately,  his  arguments  were  recognized  as  thoroughl}'-  sound.  De- 
catur was  not  burned,  and  there  has  been  no  case  of  yellow  fever  in  that 
locality  since.  This  is  a  single  illustration  of  the  panic  into  which 
communities  fell  and  the  reckless  demands  made  when  ''yellow  jack" 
struck  a  locality. 

It  is  claimed  that  yellow  fever  is  gradually  but  slowly  progressing 
along  the  railway  between  Vera  Cruz  and  the  City  of  Mexico ;  that  it 
has  climbed  to  higher  and  higher  altitudes  where  it  has  found  suitable 
local  conditions  for  the  multiplication  of  the  mosquito  and  the  spread 
of  the  disease.  On  this  point' a  commission  from  the  U.  S.  Public  Health 
Service,  working  in  the  neighborhood  of  Vera  Cruz  in  1905,  wrote  as 
follows: 

' '  This  mosquito  is  widely  distributed,  probably  more  so  than  any  other  species,  being 
found  throughout  the  tropical  world  and  well  up  in  the  temperate  zone.  At  one  time 
it  was  supposed  to  be  a  coast  mosquito,  but  now  it  is  found  to  have  spread  along  the 
commercial  lines  of  communication  to  cities  in  the  interior  that  furnish  receptacles 
for  breeding-places.  Its  acclimation  to  the  altitudes  is  gradual  as  may  be  illustrated 
by  the  following  example:  About  28  years  ago  a  railroad  was  constructed  connecting 
Vera  Cruz. with  the  City  of  Mexico.  Some  years  later  a  competing  line  was  built  be- 
tween these  cities,  but  going  through  a  different  part  of  the  country.  Along  the  line 
of  the  Mexican  railroad  yellow  fever  was  unknown  in  the  interior.  During  the  con- 
struction of  the  railroad  the  disease  prevailed  among  employes  until  the  road  reached 
the  foothills;  it  then  disappeared.  About  nine  years  ago  yellow  fever  appeared  in 
Cordova  at  about  an  altitude  of  3,000  feet,  and  has  since  been  epidemic.  Three  years 
ago  yellow  fever -appeared  at  Orizaba  and  this  year  (1902)  there  was  a  severe  epidemic 
in  that  city.  Since  the  construction  of  the  railroad  many  cages  of  the  disease  had  been 
received    during   sickness    and   convalescence,    and   many    cases   have   developed   among 
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strangers  going  through  Vera  Cruz  to  that  city  without  the  disease  in  any  way  affecting 
the  general  health  of  the  community,  until  three  years  ago. 

"In  the  second  instance,  along  the  line  of  the  luteroceanic  Eailroad  we  know  by 
actual  observation  that  the  Stegomyia  fasciata  has  been  ascending  from  station 
to  station  until  it  has  now  reached  Carasal  at  an  altitude  of  about  3,000  feet.  Syn- 
chronously, with  the  ascent  of  this  mosquito,  yellow  fever  became  epidemic  in  this  place. 
El  Palmar,  the  next  station  above  Carasal,  about  eight  miles  distant,  does  not  harbor 
any  of  these  insects  at  the  present  time,  ajid  although  some  cases  were  sent  there  from 
the  latter  station  this  year,  there  was  no  spread  of  the  infection.  Jalapa,  a  city  of 
about  35,000  inhabitaaits,  at  an  altitude  of  about  4,500  feet  and  about  20  miles  above 
Carasal  does  not  liarbor  the  Stegomyia  fasciata,  and  though  cases  have  been  sent  to 
thait  place  for  years  from  Vera  Cruz  and  intermediate  stations,  there  has  never  been 
any  spread  of  the  disease.  It  will  be  seen  in  these  instances  that  the  ascent  of  yellow 
fever  and  the  advent  of  the  Stegomyia  fasciata  have  gone  hand  in  hand  until  they 
have  now  reached  an  altitude  of  4,200  feet  in  the  first  instance  and  3,000  in  the  second. 
This  is  the  first  authentic  record  we  have  of  yellow  fever  reaching  such  an  altitude  and 
is  another  proof  that,  proper  conditions  supplied,  the  disease  and  the  insect  can  be 
introduced  and  cause  the  same  destruction  of  life  as  in  more  tropical  regions.  The 
destruction  of  this  insect  in  our  southern  states  has  already  been  dwelt  upon. ' ' 

It  should  be  understood  that  after  Reed  and  his  coworkers  had  demon- 
strated that  yellow  fever  is  disseminated  only  by  the  stegomyia,  this 
discovery  opened  up  and  gave  importance  to  the  problem  of  the 
eradication  of  the  disease.  Quite  naturall}^  it  was  evident  that  the  first 
thing  and  the  most  essential  thing  to  do  was  to  destroy  the  mosquito. 
How  to  do  this  Avas  then  the  great  problem.  Should  all  efforts  be  di- 
rected against  the  adult  insect,  or  should  an  attempt  be  made  to  destroy 
the  species  in  infected  localities  while  in  the  process  of  coming  into 
existence?  So  far  as  the  adult  mosquito  is  concerned  much  was  done 
by  screening  the  yellow  fever  patient  and  thus  preventing  infection 
of  the  mosquito.  At  the  same  time  there  was  the  possibility  of  reducing 
the  disease  by  protecting  nonimmunes  against  the  bite  of  the  adult,  but 
since  the  stegomyia  bites  by  day,  little  could  be  accomplished  by  this 
procedure.  General  Gorgas,  health  officer  of  Havana  and  later  of  the 
Canal  Zone,  did  wisely  in  laying  the  stress  of  his  Avork  on  the  destruc- 
tion of  the  mosquito  by  robbing  the  insect  of  its  breeding-place.  It  is 
safe  to  say  that  if  attention  had  been  centered  on  protection  against  the 
adult  mosquito  to  the  exclusion  of  the  destruction  of  its  breeding-place, 
the  splendid  achievements  that  have  been  secured  would  not  have  re- 
sulted. 

It  must  not  be  inferred  from  what  has  just  been  said  that  the  fight 
against  the  adult  mosquito  was  limited  to  exclusion  by  means  of  screens. 
Gorgas  tells  the  following  storj^  concerning  the  emploj^ment  of  fumiga- 
tion in  Panama: 

"Panama  compared  with  Havana  was  a  very  small  town.  Havana  in  1904  had 
a  population  of  250,000;  Panapia,  about  20,000.    Instead  of  waiting  for  the  slow  process 
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of  fumigatiug  the  house  where  a  yellow  fever  case  occurrecl,  with  the  contiguous  houses, 
and  thereby  killing  the  infected  mosquitoes  concerned  in  that  iDarticular  case,  we  ought 
to  be  able,  we  said,  in  a  small  town  like  Panama,  to  fumigate  every  house  in  the  city 
within  a  comparatively  short  time,  and  thereby  get  rid  of  all  the  infected  mosquitoes 
at  one  fell  swoop.  This  would  certainly  have  been  the  result  if  our  premises  had  been 
correct,  namely,  that  it  was  the  fumigation  that  had  caused  the  disappearance  of 
yellow  fever  at  Havana.  With  this  object  in  view,  we  commenced  at  one  end  of  the 
city  and  fumigated  every  building.  It  took  us  about  a  month  to  get  over  the  whole 
town.  Cases  of  yellow  fever  still  continued  to  occur  after  we  had  finished.  We  there- 
fore went  through  the  procedure  a  second  time.  Still  other  cases  occurred,  and  we  went 
over  the  city  a  third  time.  We  used  up  in  these  fumigations  in  the  course  of  about  a 
year  some  120  tons  of  insect  powder,  and  some  300  tons  of  sulphur.  These  quantities 
of  material  give  some  idea  of  the  amount  of  fumigation.  *  *  *  ji^ji  interesting 
incident  occurred  during  this  first  year  with  regard  to  insect  powder.  Knowing  there 
would  be  some  yellow  fever  to  be  dealt  with  in  Colon  and  Panama,  we  estimated  and 
made  requisition  for  eight  tons  of  insect  powder.  The  reviemng  authorities  were  very 
much  shocked  and  surprised  at  the  size  of  our  requisition,  seized  upon  this  one  item 
of  eight  tons  of  insect  powder  to  demonstrate  the  wildness  of  our  estimates.  It  was 
some  satisfaction  to  us  for  the  commission  to  see  that  we  had  not  only  not  been  wild 
and  extravagant  in  our  estimates,  but  that  we  had  been  obliged  to  use  actually  15  times 
as  much  as  we  had  estimated. ' ' 

Immunity. — There  is  probably  no  other  disease  to  which  such  marked 
and  lasting  immunity  is  secured  by  one  attack  as  yellow  fever.  The 
immunity  is  much  more  certain  and  more  lasting  than  that  which  fol- 
lows an  attack  of  smallpox.  '  One  reason  for  this  is  the  fact  that  the 
disease  is  always  caused  by  the  bite  of  an  insect  and  the  amount  of 
infection  introduced  into  the  immune  and  the  nonimmune  is  prac- 
tically the  same.  With  typhoid  fever  conditions  are  wholly  different. 
Neither  vaccination  nor  one  attack  of  the  disease  gives  so  great  an 
immunity  that  it  may  not  be  overcome  by  subsequent  massive  doses 
of  infection.  The  man  immune  to  yellow  fever  is  still  liable  to  puncture 
by  the  mosquito  and  if  it  be  an  infected  mosquito  a  second  dose  is  prac- 
tically the  same  as  that  which  induced  the  attack  and  gave  immunity. 
In  the  second  place,  it  is  evident  that  the  virus  of  yellow  fever  speedily 
and  thoroughly  sensitizes  the  body  cells,  which  elaborate  and  make 
operative  secretions  having  a  destructive  action  on  the  invading  virus. 
This  is  shown  by  the  fact  that  the  virus  of  the  disease  disappears  from 
the  yellow  fever  patent  after  three  days.  If  after  that  time  blood  be 
taken  from  the  patient  in  a  syringe  and  injected  into  a  nonimmune, 
the  disease  does  not  follow  because  the  virus  has  been  thus  quickly 
and  thoroughly  destroyed  in  the  man's  bod3^  This  indicates  thorough 
and  rapid  sensitization  of  the  body  cells  and  these  cells  continue  in  the 
possession  of  this  newly  acquired  function  throughout  the  life  of  the 
individual.  It  has  been  long  observed  in  Havana  and  in  other  endemic 
centers  of  this  disease  that  the  local  inhabitants  are  practically  immune 
and  that  the  disease  is  confined  to  nonimmune  arrivals.     The  people  of 
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Havana,  at  least  the  adult  population,  are  immune  to  yellow  fever 
simply  because  no  one  reaches  adult  life  without  having  been  inoculated 
with  the  virus  through  the  agency  of  the  mosquito;  therefore,  it  hap- 
pened in  Havana  that  the  number  of  cases  of  yellow  fever  increased 
with  increase  in  new  arrivals  so  far  as  these  came  from  countries  where 
the  disease  does  not  exist.  In  this  way  the  great  increase  in  the  death 
rate  from  yellow  fever  in  Havana  following  cessation  of  hostilities  in 
Cuba  in  1898  is  accounted  for.  Thousands  of  nonimmunes  reached  the 
city  from  the  United  States  and  more  from  Spain.  None  of  these  pos- 
sessed immunity  and  many  of  them  speedily  fell  victims  to  the  puncture 
of  the  stegomyia. 

It  will  be  remembered  that  in  the  experiments  made  by  Eeed  and  his 
colleagues  no  individual  in  whom  yellow  fever  was  induced  by  the 
artificial  application  of  infected  mosquitoes  died,  and  with  the  excep- 
tion of  Carroll  all  had  the  disease  lightly.  It  is  true  that  Lazear  de- 
veloped a  most  virulent  form  of  the  disease  and  died,  but  his  infection 
was  due  to  the  bite  of  a  mosquito  under  natural  conditions.  AVith  these 
facts  in  mind,  there  was  an  attempt  made  in  Havana  in  1901  to  induce 
immunity  to  yellow  fever  by  subjecting  nonimmune  arrivals,  under  artifi- 
cial conditions,  to  the  bites  of  infected  mosquitoes.  HoAvever,  it  was  soon 
evident  that  this  was  not  a  safe  procedure,  because  in  a  certain  percent- 
age of  cases  death  followed  experimental  bites.  It  follows,  therefore,  that 
all  the  splendid  work  done  in  Havana,  on  the  Canal  Zone,  at  Eio,  and 
at  Guayaquil,  has  been  accomplished  without  any  further  attempts  to 
establish  artificial  immunity.  The  recent  researches  of  Noguchi  hold 
out  great  promise  in  the  employment  of  a  specific  antitoxin,  both  for 
immunizing  and  curative  purposes.  It  is  to  be  hoped,  however,  that 
Noguchi 's  serum,  however  efficient  it  may  prove  to  be,  will  meet  with  but 
little  demand  on  account  of  the  complete  disappearance  of  the  disease. 

Before  closing  this  chapter  it  might  be  well  to  mention  one  possibility 
which  may  render  the  extermination  more  difficult  and  further  in  the 
future  than  we  anticipate.  This  is  the  possibility  of  there  being  a 
reservoir  of  the  virus  of  this  disease  in  some  of  the  lower  animals. 
Years  ago  Manson  thought  this  possible  and  advised  search  for  such  an 
animal  reservoir.  Recently  (1920)  Balfour,  on  a  visit  to  Trinidad, 
discusses  the  belief  of  the  natives  of  that  Island  that  epidemics  of 
yellow  fever  are  preceded  and  accompanied  by  a  highly  fatal  disease 
among  the  red  howler  monkeys.  It  is  to  be  hoped  that  this  is  only  a 
negro  superstition.     On  this  point  Balfour  says : 

"As  I  said  before,  there  may  be  nothing  in  the  idea,  but  I  am  told  that  in  certain 
parts  of  Brazil  a  mortality  in  monkeys  is  known  to  accompany  yellow  fever  outbreaks, 
and  certain  isolated  outbreaks  in  Colombia  could  be  explained  on  such  an  hypothesis. 
Man  and  the  wild  monkey  rarely  come  into  close  contact,  but  they  do  so  now  and  again, 
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as  possibly  in  the  high  woods  of  Trinidad,  and  opportunities  for  infection  might  occur. 
When  yellow  fever  raged  a,t  Gibraltar,  in  1828,  the  monkeys,  probably  an  African 
species,  died  in  large  numbers;  but,  of  course,  mortality  amongst  other  animals  has 
been  noted  in  yellow  fever  outbreaks.  Still,  it  is  an  interesting  fact  that  the  distribu- 
tion of  the  genus  Alouatta,  of  which  A.  senieulus  is  the  red  howler,  corresponds  in 
South  apd  Central  America  fairly  closely  to  the  known  distribution  of  endemic  yellow 
fever.  It  may  be  a  mere  coincidence,  but  at  least  it  would  justify  the  experimental 
work  I  have  suggested." 

In  1921  Guiteras,  most  competent  to  speak  npon  this  subject,  called 
attention  to  discrepancies  between  Nogucbi's  discoveries  and  our  pres- 
ent knowledge  of  the  epidemiology  of  yellow  fever.  All  attempts  to 
control  and  eradicate  this  disease  in  the  past  have  been  founded  upon 
the  assumption  that  man  and  the  stegomyia  are  the  only  carriers  of 
the  virus.  Noguchi's  work  indicates  that  many  animals,  guinea  pigs 
and  dogs  for  instance,  are  susceptible  to  the  disease.  Guiteras  asks, 
if  this  be  true,  how  is  it  possible  that  there  have  never  been  manifesta- 
tions of  yellow  fever  among  these  animals  in  endemic  centers  and  during 
great  epidemic  invasions.  Guiteras  furthermore  points  out  that  No- 
guchi's organism  is  easily  inoculated  through  superficial  lesions  of  the 
skin,  whereas,  since  the  discoveries  of  Keed,  Carroll  and  their  col- 
leagues, all  fears  of  inoculation  at  necropsy,  in  handling  fomites,  the 
excretions  of  the  skin  and  the  tissues  of  the  dead,  have  been  banished. 
These  are  questions  which  the  future  only  can  answer. 

In  discussing  the  eradication  of  malaria  bj^  the  destruction  of  anoph- 
eles, we  have  included  antistegomyia  procedures. 
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CHAPTER  XXIII 
DENGUE 

Definition. — An  acute,  febrile  disease,  with  sudden  onset,  short  dura- 
tion, and  low  mortality;  prevalent  in  tropical  and  subtropical  regions 
around  the  world.  Dengue  is  distributed  by  a  mosquito,  Culex  quin- 
quefasciatus  or,  as  frequently  known,  Culex  fatigans,  which  is  the 
most  common  tropical  species  of  the  genus  Culex.  It  is  possible  also 
that  dengue  is  spread  by  the  stegomyia. 

History. — In  the  early  Spanish  literature  concerning  disease  in  this 
hemisphere,  mention  is  occasionally  made  of  the  prevalence  of  a  mild 
form  of  yellow  fever.  We  have  no  authority  to  speak  with  certainty  in 
this  matter,  but  it  is  highly  probable  that  the  disease  then  observed 
and  thus  described  was  dengue.  On  both  sides  of  the  earth,  notably 
by  Rush  in  Philadelphia  and  by  Boylon  in  Java,  what  we  now  know  as 
dengue  was  described  in  some  detail  late  in  the  eighteenth  century. 
Both  authors  called  it  a  bilious  fever.  However,  the  first  unequivocal 
description  of  the  disease  was  written  by  Dickson  in  1828.  During  the 
following  50  years  there  appeared  at  long  intervals  papers  on  this  dis- 
ease, some  claiming  that  it  possessed  a  distinct  identity,  while  others 
questioned  its  existence  as  an  entity.  It  is  interesting  to  remark  that 
during  all  this  time  in  the  few  papers  that  did  appear,  those  who  ob- 
served the  disease,  for  the  most  part  at  least,  were  quite  confident 
that  it  is  not  contagious  in  the  ordinary  sense  but  that  it  is  transmissible. 

To  Graham,  of  Beirut,  Syria,  is  due  the  credit  of  first  approaching 
the  study  of  the  disease  in  a  scientific  way.  Beirut,  as  is  well  known, 
lies  on  a  narrow  plain  backed  by  high  mountains.  The  plain,  including 
the  city,  is  infested  at  certain  seasons  of  the  year  with  C.  quinquefas- 
ciatus.  After  some  preliminary  investigations  Graham  succeeded  in 
obtaining  four  volunteers.  Each  of  these  slept  under  a  mosquito  net- 
ting into  which  insects  which  had  recently  bitten  patients  with  dengue 
were  introduced.  Three  of  the  individuals  manifested  undoubted  symp- 
toms of  the  disease  within  from  four  to  six  days  after  exposure  to  the 
bites  of  these  mosquitoes.  Notwithstanding  that  the  fourth  man  passed 
15  consecutive  nights  exposed  to  the  infected  mosquitoes  he  did  not 
develop  the  disease.  Graham  found  that  this  man  remembered  having 
had  a  relatively  severe  attack  of  the  disease  some  three  years  previously 
and  consequently  must  have  been  immune.  Graham  was  not  altogether 
satisfied  with  the  results  of  this  experiment,  and  we  shall  permit  him 
to  continue  his  own  story  as  follows: 
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"In  a  city  where  so  infectious  a  disease  was  raging  I  still  felt  that  tliese  three  men 
might  have  received  the  contagion  in  some  other  way.  In  order  to  avoid  this  objection 
mosquitoes  were  taken  from  inside  the  netting  of  a  dengue  patient  and  carried  uji 
to  a  village  on  the  mountain  slope  where  as  yet  no  case  had  occurred.  After  visiting 
my  patient  for  the  infected  mosquitoes  I  changed  my  clothing  and  took  a  bath  before 
mounting  my  horse  to  ascend  the  mountain.  In  this  village,  about  3,000  feet  above 
the  sea,  there  are  almost  no  mosquitoes.  It  is  dry  and  very  healthy.  I  easily  found 
two  young  men  in  different  parts  of  the  village  who  consented  for  a  consideration  to 
take  their  chances  of  having  the  dengue.  One  of  them,  after  sleeping  four  nights 
under  the  netting  with  the  mosquitoes,  was  taken  with  a  severe  typical  attack  of 
dengue.  The  other  had  his  initial  chill  after  having  passed  five  nights  in  the  company 
of  the  mosquitoes.  These  men  continued  to  sleep  under  the  mosquito  netting  I  had 
prepared  for  them  until  some  time  after  they  were  well,  all  the  mosquitoes  in  the 
net  having  been  killed  to  avoid  infection  of  other  people.  No  other  case  of  dengue 
occurred  in  this  village  during  the  summer  that  I  could  learn  of,  although  I  made 
the  most  careful  inquiry. ' ' 

Graham  examined  the  blood  in  more  than  100  cases  of  dengue  and 
believed  that  he  discovered  a  parasite  resembling  in  some  respects 
Plasmodium  malariae.  He  reports  this  parasite  as  first  appearing  as 
a  small  rod  or  dot  within  the  red-blood  corpuscle,  constantly  changing 
its  position,  the  motility  in  some  instances  being  marked;  later,  the 
parasite  increases  in  size,  shows  typical  amoeboid  movements,  more  nearly 
fills  the  corpuscle,  and  then  either  degenerates  or  ruptures  the  corpuscle 
and  escapes  into  the  plasma.  He  was  unable  to  find  any  evidence  of 
the  formation  of  spores.  By  dissecting  and  examining  the  blood  con- 
tained in  their  stomachs,  Graham  reported  the  finding  of  piroplasma- 
like  bodies  in  the  mosquito  up  to  the  fifth  day  after  the  biting.  Further- 
more, he  inoculated  a  man  with  an  emulsion  of  the  salivary  glands  of 
an  infected  mosquito  and  produced  a  disease  so  alarming  that  he  de- 
'sisted  from  further  experimentation  along  this  line. 

Graham's  reports  attracted  wide  attention  and  stimulated  investiga- 
tion into  the  etiology  of  this  disease.  No  one  has  confirmed  the  finding 
of  the  parasite  reported  by  Graham.  The  blood  has  been  carefully 
studied  by  Stitt,  Ashburn,  Craig,  and  others.  No  abnormality  in  the 
blood  corpuscles,  and  certainly  no  parasite,  either  in  the  corpuscle  or 
in  the  plasma,  has  been  detected  by  any  one  else.  On  account  of  the 
failure  to  confirm  this  phase  of  Graham's  work  there  has  been  a  ten- 
dency to  discredit  everything  that  he  did.  However,  experiments  re- 
peatedly made  in  various  parts  of  the  world  have  confirmed  the  work 
of  Graham  so  far  as  it  relates  to  the  transmission  of  the  disease  by 
C.  quinquefasciatus.  It  appears  from  recent  researches  by  Cleland  and 
others  in  Australia  and  by  Archibald  in  the  Sudan  that  the  virus  of 
this  disease  is  distributed,  in  these  localities  at  least,  by  the  Stegomyia 
faseiata  instead  of  by  the  culex.  No  one,  so  far  as  we  know,  has  impli- 
cated the  anopheles. 
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Probably  the  most  extensive  work  along  this  line  has  been  reported 
by  Asliburn  and  Craig,  working  in  the  Philippines.  These  investigators 
have  shown  that  either  whole  or  filtered  blood  from  patients  with 
dengue  when  injected  into  nonimmunes  induces  the  disease.  Further- 
more they  have  confirmed  Graham's  findings  by  being  able  to  transmit 
the  disease  through  the  bite  of  C.  quinquefasciatus.  They  endeavored 
to  develop  the  disease  by  exposure  of  healthy  men  to  fomites,  the  men 
experimented  with  living  in  mosquito-proof  tents  with  patients  suffering 
from  dengue  throughout  the  entire  course  of  the  disease.  They  slept 
in  their  beds,  wore  their  underclothing  and  pajamas,  and  ate  and  drank 
from  the  same  tableware.  Eight  men  were  carried  through  this  experi- 
ment of  exposure  to  fomites  and  all  remained  well.  The  conclusion, 
therefore,  is  reached  that  dengue  is  not  a  contagious  disease  and  that 
patients  suffering  from  it  may  be  placed  in  the  general  wards  of  hos- 
pitals without  fear  of  infection,  provided  precautions  are  taken  to  pro- 
tect them  from  mosquitoes. 

The  conclusions  reached  by  Ashburn  and  Craig  are  stated  as  follows : 

"After  a  tliorougli  examination  of  the  blood  of  numerous  patients  witli  dengue 
we  concluded  that  it  did  not  contain  any  visible  organism  either  bacterial  or  protozoal 
in  nature,  which  could  be  considered  as  the  cause  of  the  disease.  Our  attempts  at 
securing  blood  cultures  also  resulted  negatively  and  in  order  to  determine  whether 
the  cause  of  this  fever  was  present  in  the  blood  we  were  forced  to  attempt  the  produc- 
tion of  the  disease  by  the  inoculation  of  the  blood  from  dengue  patients  into  healthy 
individuals.  As  the  disease  is  one  which  in  the  young  and  robust  is  not  dangerous  to 
life,  we  felt  justified  in  making  such  experiments,  and  had  no  difficulty  in  procuring 
volunteers  for  this  purpose.  We  first  undertook  to  study  the  effect  of  the  intravenous 
inoculation  of  nnfiltered  dengue  blood.  Eleven  men  were  inoculated,  and  in  seven  a 
typical  attack  of  the  disease  developed,  while  one  case  was  doubtful.  *  *  *  These 
experiments  proved  beyond  question  that  the  cause  of  dengue  is  present  in  the  blood  • 
of  infected  individuals,  as  the  intravenous  inoculation  of  such  blood  in  healthy  men 
is  capable  of  producing  a  typical  attack  of  the  disease.  As  our  examination  had 
proved  that  it  was  impossible  to  demonstrate  a  parasite  in  the  blood  we  coaicluded 
that  it  must  belong  to  the  class  of  so-called  ultramieroscopic  organisms  and  in 
order  to  determine  this  point  we  inoculated  two  healthy  individuals  with  filtered 
blood  from  dengue  patients,  with  the  result  that  severe  attacks  were  produced  in  both 
men.  In  our  filtration  experiments  we  employed  a  Lilliput  filter  which  was  tested 
and  controlled  each  time  it  was  used,  and  the  filtration  was  done  under  730  milli- 
meters pressure.  After  filtration  a  control  test  was  made  of  the  filter  by  using  a 
bouillon  suspension  of  Micrococeiis  melitensis,  the  filtrate  then  being  incubated  for 
two  weeks,  and  examined  every  day.  The  filter  we  used  retained  tliis  organislm,  so 
that  it  may  be  stated  that  the  virus  of  dengue,  passed  through  the  pores  of  a  filter 
which  prevented  the  passage  of  an  organism  measuring  0.4  micra  in  diameter.  The 
blood  from  the  dengue  patients  was  defibrinated  and  diluted  with  an  equal  am,ouait 
of  normal  salt  solution,  and  the  filtrate  was  introduced  intravenously.  In  both  of  the 
men  inoculated  with  the  filtrate  the  attack  was  of  a  severe  character,  and  we  regarded 
these  two  cases  of  dengue,  produced  by  the  intravenous  injection  of  filtered  dengue 
blood,  as  the  most  typical  cases  of  the  severe  type  of  the  disease  wMch  we  observed. 
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These  experiments  proved  that  the  organism  causing  the  disease  is  probably  ultra- 
microscopie  in  size,  and  this  conclusion  explains  the  uniformly  negative  results  obtained 
in  the  search  for  the  parasite.  We  concluded  that  an  organism  was  present  in  the 
filtrate,  rather  than  a  toxin,  because  of  the  length  of  the  period  intervening  be- 
tween inoculation  and  the  appearance  of  clinical  symptoms,  and  also  because  one  of 
the  men  was  inoculated  with  the  filtered  blood  of  an  experimental  case  of  dengue) 
produced  by  the  intravenous  injection  of  unfiltered  blood  from  a  naturally  infected 
dengue  patient.  *  *  *  Owing  to  the  subsidence  of  the  epidemic  we  were  unable 
to  continue  our  mosquito  experiments,  which  are  therefore  incomplete,  but,  taken  in 
connection  with  those  of  Graham,  prove  that  this  disease  may  be  transmitted  by  the 
mosquito.  We  felt  justified  in  concluding  that  this  method  of  transmission  is  the  only 
natural  one  which  has  bieen  proved  by  experiment,  and  which  agrees  with  the  epi- 
demiology of  the  disease.  We  were  further  able  to  shoAv  experimentally  that  natural 
immunity  exists  against  this  disease,  and  that  it  is  not  contagious.  We  exposed 
eight  healthy  men  to  fomites,  the  men  experimented  with  living  in  mosquito-proof 
tents  with  patients  suffering  from  dengue,  throughout  the  entire  course  of  the  disease. 
They  slept  in  their  beds,  wore  their  underclothing  and  pajamas,  and  ate  and  drank 
from  the  same  table  furniture,  but  none  of  them  developed  the  disease. 

"Our  conclusions  regarding  the  etiology  of  dengue  were  partly  as  follows:  (1)  No. 
orgainism,  either  bacterium  or  protozoan,  can  be  demonstrated  in  either  fresh  or 
stained  specimens  of  dengue  blood  with  the  microscope.  (2)  The  intravenous  inocula- 
tion of  unfiltered  dengue  blood  into  healthy  men  is  followed  by  a  typical  attack  of 
the  disease.  (3)  The  intravenous  inoculation  of  filtered  dengue  blood  into  healthy 
men  is  followed  by  a  typical  attack  of  the  disease.  (4)  The  cause  of  the  disease  is, 
therefore,  probably  ultramicroscopie.  (5)  Dengue  can  be  transmitted  by  the  mos- 
quito, Gulex  fatigans,  Wied.  (6)  No  organism  of  etiologic  significance  occurred  in 
bouillon  or  citrated  blood  cultures.  (7)  The  period  of  incubation  in  experimental 
dengue  averages  three  days  and  fourteen  hours.  (8)  Certain  individuals  are  ab- 
solutely immune  to  dengue,  as  proved  by  our  experiments.  (9)  Dengue  is  not  a 
contagious  disease,  but  is  infectious  in  the  same  manner  as  is  yellow  fever  and 
malaria. ' ' 

Immunity. — From  the  earliest  recognition  of  this  disease  it  has  been 
noted  that  one  attack  gives  permanent  immnnity.  There  may  be  ex- 
ceptions to  this,  as  there  are  in  most  diseases;  in  fact,  there  is,  even  at 
present,  no  positive  scientific  test  for  the  recognition  of  this  disease. 
It  is,  therefore,  quite  impossible  to  be  sure  about  the  permanency  of 
the  immunity  secured  by  one  attack.  All  through  its  history  in  regions 
Avhere  yellow  fever  coexists,  it  has  been  observed  that  an  attack  of 
either  of  these  diseases  gives  no  immunity  to  the  other ;  indeed,  this  has 
been  a  strong  point  in  the  differentiation  between  the  two  diseases.  As 
we  have  already  seen,  early  in  the  medical  history  of  the  Western 
Hemisphere  dengue  was  by  some  regarded  as  a  mild  form  of  yellow 
fever,  but  when  it  was  shown  that  an  attack  of  the  former  gives  no 
immunity  to  the  latter  this  theory  was  abandoned. 

Prophylaxis. — It  is  unneeessarj-  to  go  into  detail  concerning  methods 
for   controlling   and   eradicating   dengue.      They   are    the   antimosquito 
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procedures,  which  have  been  so  fully  discussed  in  the  chapters  on  yel- 
low fever,  malaria,  and  other  mosquito-borne  diseases. 
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CHAPTER  XXIV 
THE  TRYPANOSOMIASES 

Definition. — Under  this  term  we  include  all  those  departures  from 
health,  some  benign  and  scarcely  recognizable,  others  distressing  and 
highly  fatal,  which  result  from  infection  with  some  species  of  the  genus 
Trypanosoma,  There  are  numerous  species  of  this  widely  distributed 
parasite  and  likewise  many  invertebrate  and  vertebrate  hosts,  but  up 
to  the  present  only  three  species  are  known  to  seriously  infect  man. 
These  are  T.  gambiense,  T.  rhodesiense,  and  T.  cruzi.  The  first  two  are 
distributed  by  flies  belonging  to  the  genus  Glossina  (G.  palpalis  and 
G-.  morsitans)  and  are  confined  to  Africa.  The  third  is  distributed  by 
a  bug,  Conorhinus  megistus,  and  up  to  the  present  has  been  found  only 
in  South  America.  There  are  many  other  species  of  trypanosomes  which 
cause  more  or  less  serious  diseases  in  the  lower  animals,  and  it  is 
possible  that  further  study  will  show  that  some  of  these  may  infect  man. 

African  Trypanosomiasis  or  Sleeping"  Sickness. — It  appears  that  the 
first  mention  of  this  disease  in  the  English  language  is  found  in  a  book, 
entitled,  ''The  Navy  Surgeon"  by  Atkins,  published  in  1734  and  giving 
an  account  of  "the  sleeping  distemper"  which  he  observed  among  the 
negroes  of  the  Guinea  Coast  in  1721.  It  is  more  than  probable  that 
the  west  coast  of  Africa,  certainly  from  Senegal  in  the  North  to  the 
Congo  Free  State  in  the  South  and  extending  inland  to  the  Upper 
Niger  and  to  the  Stanley  Falls  of  the  Congo,  has  been  afflicted  with 
this  disease  for  many  generations.  Visitors  are  told  by  the  natives  that 
tradition  does  not  antedate  the  existence  of  this  disease.  In  1858  Liv- 
ingstone found  that  many  African  tribes  reported  the  ''tsetse  fly" 
disease  as  long  prevalent  among  them.  A  more  certain  proof  of  its 
long  continued  existence  among  the  people  of  this  region  is  to  be  found 
in  the  fact  that  each  tribe  has  a  specific  name  for  the  disease.  In  1803 
Winterbottom  saw  this  disease  on  the  west  coast  of  Africa  near  Sierra 
Leone  and  observed  that  slave  dealers  refused  to  buy  those  who  had 
enlarged  cervical  glands.  It  seems,  however,  that  the  inspections  made 
by  the  slave  drivers  were  not  altogether  successful  in  excluding  the 
diseased  individuals,  because  during  the  first  half  of  the  nineteenth 
century  cases  were  occasionally  reported  from  the  West  Indies  and 
it  was  observed  that  they  were  found  only  among  those  Avho  had  been 
imported  from  Africa  and  never  in  the  second  generation.  An  espe- 
cially noteworthy  contribution  on  this  subject  is  that  of  Guerin  (Thesis, 
Paris,  1869)  who  described  a  large  number  of  cases  of  sleeping  sickness 
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among  the  negroes  of  Martinique.  African  sleeping  sickness  cannot 
spread  in  the  Western  Hemisphere,  because  the  essential  distributor 
of  the  disease,  the  tsetse  fly,  does  not  exist  on  this  side.  In  1876  Corre 
studied  and  described  the  disease  as  it  existed  at  that  time  in  Sene- 
gambia.  In  1891  a  case  was  brought  from  Africa  to  London  where  it 
was  studied  by  Mackenzie.  In  1900  two  more  cases  were  brought  to 
London  under  the  care  of  Manson  who,  with  Mott,  investigated  the 
etiology,  symptomatology,  and  morbid  anatomy  of  the  disease.  The 
disease  was  apparently  carried  into  Uganda  and  Busoga  from  the  upper 
reaches  of  the  Congo  by  the  returning  followers  of  Emin  Pasha  (1891- 
1896).  The  tsetse  fly  had  long  been  prevalent  and  well*  known  in  the 
region  about  Lake  Victoria  Nyanza,  but  the  disease  in  this  region  was 
rare  or  unknown.  The  Cooks  had  established  a  hospital  in  Uganda 
about  five  years  previously,  but  the  disease  when  it  came  in  1901  was 
new  to  them.  From  1900  to  1909  sleeping  sickness  killed  many  thou- 
sand natives  living  on  the  islands  and  shores  of  the  lakes.  It  is  esti- 
mated that  in  1902  out  of  a  total  population  of  44,311  on  the  Buvuma 
Islands,  19,049  died  of  sleeping  sickness.  This  makes  a  death  rate  of 
428  per  1,000,  one  of  the  highest  death  rates,  even  for  an  epidemic  dis- 
ease, recorded  in  the  annals  of  medicine.  So  serious  w^as  the  problem 
that  the  Government  of  the  Protectorate  forcibly  moved  the  natives 
from  the  islands  and  shores  of  the  lake  into  the  interior,  it  being  found 
that  the  flies  seldom  left  the  water  for  a  distance  of  more  than  two 
miles.  The  assumptions  upon  which  these  drastic  measures  were  based 
were  given  as  follows:  (1)  The  disease  is  not  transmitted  in  districts 
where  the  tsetse  fly  is  not  found.  (2)  The  presence  of  even  a  single 
diseased  person  in  a  locality  infested  by  the  flies  may  lead  to  the  in- 
fection of  the  whole  community.  (3)  The  disease  is  incurable.  (4) 
The  tsetse  fly  being  the  indispensable  link  in  the  chain  of  infection, 
cutting  it  out  was  the  only  alternative.  (5)  On  certain  islands  largely 
infested  by  the  flies  the  entire  population  had  already  disappeared.  It 
seems  that  these  measures  were  at  least  partially  successful.  They  w^ere 
followed  by  a  marked  decrease  in  the  deaths,  because  there  were  no 
people  left  to  die,  and  it  disappeared  among  those  who  Avere  removed. 
The  death  rate  from  this  disease  in  Uganda  has  decreased  rapidl}^-  and 
since  1910  a  case  is  rarely  seen. 

In  the  endemic  area  on  the  west  coast  of  Africa  the  disease  is  recognized 
as  existing  in  three  stages.  In  the  first,  there  is  but  little,  if  any,  disturb- 
ance of  health.  Most  infected  individuals  will  show  no  symptoms  and  will 
declare  that  they  feel  perfectly  well.  In  others,  there  is  an  occasional 
run  of  a  light  intermittent  fever,  accompanied  by  muscular  weakness  and 
increased  rapidity  of  pulse  and  respiration,  especially  after  slight  exertion. 
There  is  no  mental  dullness  or  hesitancy  in  expression.    The  only  evidence 
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of  abnormality  that  can  be  found  in  tliese  cases  is  an  enlargement  of  the 
superficial  cervical  glands.  In  blood  drawn  directly  from  these  glands, 
more  rarely  in  that  of  the  peripheral  circulation,  trypanosomes  are  found. 
In  the  second  stage,  the  irregular  fever  manifests  itself  more  frequently 
and  occasionally  becomes  a  remittent  or  low  continued  type.  Individuals 
are  still  well  nourished  unless  there  be  some  coexisting  disease.  The  heart 
beats  and  the  respiration  are  more  easily  quickened  and  exhaustion  is 
more  evident  after  slight  physical  exertion.  There  is  as  yet  no  marked 
mental  dullness,  although  patients  may  show  carelessness  and  untidiness. 
Manson  has  noticed  in  Europeans  in  this  stage,  an  erythematous  rash, 
sometimes  with  transient  edema;  but  in  natives  the  skin  is  only  dry  and 
rough.  The  cervical  glands  are  still  enlarged  and  may  show  some  in- 
crease in  size  over  that  evident  in  the  first  stage,  but  even  this  is  not 
constant.  The  parasites  are  more  likely  to  be  present  in  large  numbers, 
both  in  the  blood  obtained  from  the  enlarged  glands  and  in  that  drawn 
from  the  periphery.  It  is  not  until  the  third  stage  is  reached  that  the 
clinical  picture  which  gives  the  name  to  the  disease  appears.  There  is 
marked  dullness  of  intellect ;  the  patient  rests  in  an  apathetic  state,  has 
a  vacant  look,  and  answers  questions  with  marked  hesitation.  Actual 
sleepiness  is  not  as  much  in  evidence  as  the  lack  of  interest  in  what  is 
going  on  about  him.  The  patient  may  be  easily  aroused,  takes  food  with 
relish,  and  apparently  digests  it  with  ease.  With  the  progress  of  the 
disease  mental  dullness  intensifies  and  finally  a  comatose  condition  pre- 
cedes death.  In  the  third  stage  there  may  be  a  mild  form  of  mania, 
with  retraction  of  the  head  and  possibly  opisthotonos.  Tremor  of  the 
hands  and  tongue  is  frequently  in  evidence.  In  the  first  and  second 
stages,  the  parasites  are  present,  though  often  found  with  difficulty, 
in  the  circulating  blood;  while  in  the  third  stage  they  have  reached  the 
arachnoid  space  and  have  developed  a  chronic  cerebrospinal  meningitis, 
accompanied  by  a  mononuclear  cellular  infiltration  of  the  membranes 
and  surface  of  the  brain.  It  is  from  this  involvement  that  the  symptoms 
which  give  rise  to  the  popular  name  of  ''sleeping  sickness"  develop. 
It  is  believed  that  when  this  stage  is  reached  the  disease  is  always  fatal. 
In  the  third  stage,  the  parasites  appear  in  the  cerebrospinal  fluid  and 
may  be  demonstrated  after  lumbar  puncture.  The  parasites  are  some- 
times so  abundant  in  the  cerebrospinal  fluid  that  it  is  not  necessary  to 
take  any  precaution  in  recognizing  them.  However,  it  is  best  to  centri- 
fuge the  fluid  in  order  to  be  sure  that  they  do  not  escape  detection. 

In  1911  Todd  and  Wolbach  were  sent  by  the  Liverpool  School  of 
Tropical  Medicine  to  the  Colony  of  the  Gambia  to  determine  the  inci- 
dence of  the  disease  in  that  territory,  to  discover  the  best  method  of 
recognition  of  the  disease  and  to  point  out  preventive  measures.  The 
Protectorate  of  the  Gambia  consists  of  a  narrow  strip  of  land  on  each 
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side  of  the  river  of  that  name  extending  from  its  mouth  to  a  distance 
of  about  200  miles  into  the  interior.  It  covers  an  area  of  about  5,000 
square  miles  and  the  estimated  native  population  in  1911  was  200,000. 
The  dry  season  lasts  from  November  to  June,  during  which  time  there 
is  but  little  water  in  the  country;  swamps  dry  up  and  the  river  becomes 
little  more  than  an  arm  of  the  sea,  the  tides  being  felt  240  miles  inland. 
During  the  rainy  season  the  river  and  its  tributaries  often  overflow 
their  banks,  the  lowlands  become  swamps  and  marshes,  and  a  great 
part  of  the  surface  is  covered  by  tropical  jungle.  The  river  and  its 
creeks  constitute  the  high  roads  of  travel  and  their  margins  are  clothed 
with  mangroves,  bamboo  and  scrubby  growths.  Of  the  people,  Todd 
and  Wolbach  write: 

"All  the  tribes  in  the  Gambia  a,re  very  prosperous.  Their  cattle  have  increased 
enormously  in  number  and  their  land  is  fertile.  They  raise  good  crops  of  millet 
and  rice  for  their  own  use,  and  large  amounts  of  ground-nuts  which  are  sold  to 
traders  for  export  to  Europe.  With  the  money  obtained  from  the  sale  of  ground-nuts 
the  natives  are  able  to  buy  all  the  European  articles,  such  as  cloth  and  powder,  which 
they  require.  Because  of  the  favorable  conditions  for  obtaining  money  by  the  sale 
of  ground-nuts,  large  numbers  of  young  men  yearly  come  to  the  British  territory  in 
order  to  make  farms  and  raise  crops  of  gi'ound-nuts.  They  come  from  French  ter- 
ritory, from  all  directions;  some  of  them  come  from  places  distant  eight,  ajid  even 
more,  weeks'  travel." 

These  investigators  found  that  the  detection  of  the  parasites  is  most 
certainly  secured  by  puncture  of  the  enlarged  glands.  They  estimate 
that  about  .8  per  cent  of  the  people  are  infected  with  T.  gambiense. 
Sleeping  sickness  has  never,  so  far  as  is  known,  been  epidemic  in  its 
original  home  on  the  west  coast  of  Africa.  The  most  likely  conclusion 
to  draw  from  this  is  that  the  people  of  this  region,  long  subjected  to  this 
infection,  have  acquired  a  certain  degree  of  immunity.  On  this  point, 
Todd  and  Wolbach  remark: 

"The  fact  that  trypanosomiasis  has  been  present  in  the  Gambia  and  elsewhere 
on  the  west  coast  of  Africa  for  many  years,  in  places  where  Glossina  palpalis  exists, 
without  assuming  the  epidemic  form  which  it  has  taken  in  the  Congo  Free  State  and 
in  Uganda,  of  itself,  suggests  that  the  west  coast  natives  may  have  acquired  some 
immunity  to  it.  In  the  Gambia  the  custom  of  the  natives,  almost  none  of  whom  were 
riverine,  has  doubtless  much  to  do  with  preventing  the  spread  of  trypanosomiasis;  but 
there  seems  to  be  something  more  than  that.  There  are  many  records,  some  based  al- 
together on  the  observations  of  Europeans,  others  based  on  observations  of  natives  and 
of  Europeans,  of  persons  who  have  lived  for  four  or  more  years  after  they  probably 
became  infected  by  trypanosomes;  these  records  prove  that  persons  may  have  a  toler- 
ance for  trypanosomes  and  live  comparatively  healthily  though  infected  by  them." 

Todd  and  Wolbach  recommended  that  certain  tow^ns  should  be  moved 
to  localities  more  distant  from  water  and  forests.  Furthermore,  they 
suggested  that  all  growth  be  cleared  from  the  neighborhood  of  fords, 
wharves,  or  places  where  native  women  assemble  to  do  their  laundry 
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Avork.  All  such  places  sliould  be  at  least.  150  yards  from  the  nearest 
bush.  It  is  suggested  that  the  growth  of  marsh  rice  be  prohibited  and 
that  mountain  rice  be  substituted,  or,  since  rice  is  not  an  important 
product,  its  growth  be  altogether  discontinued.  Those  who  are  infected 
should  be  isolated  and  protected  from  the  tsetse  fly.  Infected  persons 
should  be  prevented  from  going  into  regions  where  the  disease  does  not 
exist  but  which  are  infested  with  the  flies.  In  carrying  out  a  quaran- 
tine with  this  object  in  view  reliance  should  be  placed  upon  the  presence 
of  enlarged  cervical  glands.  Individuals  showing  these  defects  should 
not  be  allowed  to  pass  unless  examination  of  fluid  obtained  from  the 
glands  shows  no  trypanosomes. 

In  1919  Duke  made  a  report  upon  sleeping  sickness  in  Uganda  and 
neighboring  territory.  He  points  out  that  the  deaths  among  those  who 
had  been  removed  from  the  islands  and  margins  of  the  lakes  ranged 
from  four  to  six  per  cent,  while  it  was  assumed  at  the  time  of  their 
removal  that  ninety  per  cent  of  them  were  infected.  It  follows,  there- 
fore, that  we  must  conclude  that  by  far  the  larger  percentage  of  those 
infected  have  recovered.  The  conditions  on  the  islands  and  the  shores 
of  the  lakes  were  most  favorable  for  the  transmission  of  the  infection 
directly  by  the  fly  from  individual  to  individual  and  the  chance  of 
escaping  such  infection  was  small.  The  people  of  this  region  at  the 
time  of  the  appearance  of  the  epidemic  and  until  their  removal  spent  a 
great  part  of  their  time  in  canoes  passing  to  and  fro  from  shore  to  island, 
and  in  fishing.    Duke  says  : 

"When  a  canoe  is  pushed  off  from  a  fly  infested  shore  (and  the  canoe  landings 
on  Victoria,  Nyanza  were  notoriously  densely  infested),  or  if  it  passes  close  in  to  such 
a  shore,  a  small — sometimes  a  large — swarm  of  flies  will  come  off  and  follow  it  to 
open  water.  The  flies  will  not  come  off:  to  a  passing  canoe  more  than  100  yards  or  so 
from  shore,  neither  will  they  freely  leave  a  canoe  that  they  have  followed  to  a  greater 
distance  from  shore,  but  will  accompany  it  for  hours.  Under  these  conditions  more 
may  feed  on  the  crew  than  if  the  same  crew  remained  on  the  beach,  and  it  is  the 
commonest  sight  under  these  conditions  to  see  one  paddler  after  another  dislodge  a 
biting  fly,  which,  in  the  course  of  a  few  minutes  may  have  bitten  several  men.  Con- 
ditions for  'mechanical  transmission'  are  absolutely  ideal — as  favorable  in  propor- 
tion to  the  number  of  flies  involved  as  could  be  reproduced  in  the  laboratory.  It  is 
proved  by  laboratory  experiments  that  this  species  of  fly  can  transmit  this  species  of 
trypanosome  with  a  certain  facility  under  such  conditions  ,•  and  it  is  not  only  pos- 
sible or  plausible  but  virtually  certain,  that  mechanical  transmission  in  eajioes  must 
have  occurred  with  frequency  and  regularity  during  the  early  stages  of  the  epidemic. 
The  riparian  populations  of  Uganda  possessed  many  hundreds,  probably  several  thou- 
sand, canoes,  which  were  in  constant  use  for  fishing  and  commerce.  They  also  fished, 
in  parties,  from  fly  infested  shore;  gathered  in  numbers  for  repairing  canoes,  fishing 
gear,  etc.,  under  similar  conditions;  and  finally  there  were  market  places  where  is- 
landers met  mainlanders  for  exchange  of  produce,  at  points  on  the  shore  that  were 
well  known  to  be  densely  and  dangerously  infested  by  flies. ' ' 
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In  1904  Greig  reported  that  the  sleeping  sickness  beginning  on  the 
shores  of  Victoria  Nyanza  had  extended  with  diminishing  severity  along 
both  banks  of  the  Victoria  Nile  as  far  north  as  Wadelai,  where  the 
presence  of  G-.  palpalis  reached  its  limit.  However,  G.  morsitans  is 
found  in  the  Upper  Sudan,  and  it  is  possible,  though  this  has  not  been 
demonstrated,  that  this  fly  may  transmit  T,  gambiense  from  man  to 
man,  G.  palpalis  was  reported  before  the  World  War  in  Arabia.  If 
this  be  true,  it  is  within  the  range  of  probability  that  African  sleeping 
sickness  may  appear  in  that  country.  So  far  as  we  know,  G.  palpalis 
is  not  found  in  any  part  of  the  world  other  than  the  region  which  we 
have  indicated  in  Africa,  and  possibly  in  Arabia.  It  is  highly  probable 
that  it  will  be  found  that  other  trypanosomes  do  infect  man  and  are 
transmitted  by  other  invertebrates. 

In  1901  Forde  and  Dutton  found  trypanosomes  in  the  blood  of  a 
patient  suffering  from  an  irregular  fever  on  the  Gambia  River.  One 
year  later  Castellani,  working  in  Uganda,  found  a  trypanosome  in  the 
cerebrospinal  fluid  of  a  man  suffering  from  sleeping  sickness.  It  seems, 
however,  that  this  observer  did  not  at  the  time  consider  any  causal 
relationship  of  this  parasite  to  the  disease  but  regarded  it  as  an  acci- 
dental concomitant.  Bruce,  who  had  previously  studied  the  tsetse  fly 
disease  among  cattle  in  southern  Africa,  at  once  recognized  the  possible 
importance  of  a  trypanosome  in  the  blood  and  in  the  cerebrospinal  fluid 
in  cases  of  sleeping  sickness.  Investigation  showed  that  the  subcuta- 
neous injection  into  monkeys  of  the  blood  of  patients  containing 
trypanosomes  (although  the  individual  at  the  time  showed  no  symp- 
toms) and  of  the  cerebrospinal  fluid  in  undoubted  cases  of  sleeping 
sickness,  caused  the  disease  in  these  animals.  Further  experimentation 
demonstrated  that  the  same  effects  followed  whether  blood  or  cerebro- 
spinal fluid  was  employed,  provided  they  contained  the  trj-panosome. 
The  next  problem  was  to  ascertain  the  carrier  of  the  parasite.  Bruce, 
with  the  experience  of  his  previous  work  on  fly  disease  among  cattle, 
quickly  suspected  and  then  incriminated  Glossina  palpalis.  These  flies 
were  permitted  to  feed  upon  patients  suffering  from  sleeping  sickness 
and  then  caused  to  bite  monkeys.  By  this  procedure  the  disease  was 
transmitted  to  the  animals.  Moreover,  the  developmental  stages  of  T. 
gambiense  in  the  alimentary  canal  of  the  tsetse  fly  were  studied.  In 
1910  Stephens  and  Fantham  found  in  Rhodesia  a  new  species  of  trypano- 
some, to  which  the  name  T.  rhodesiense  was  given.  Two  years  later 
it  was  shown  by  Kinghorn  and  Yorke  that  this  trypanosome  is  trans- 
mitted by  G.  morsitans ;  therefore,  so  far  as  African  sleeping  sickness 
is  concerned  there  are  two  trypanosomes,  T.  gambiense  and  T.  rhode- 
siense, which  are  transmitted  respectiveh^  by  G.  palpalis  and  G.  mor- 
sitans. 
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In  the  history  of  his  African  explorations,  LiAdngstone  states  that 
he  observed  horses  suffering  from  a  disease  called  by  the  natives 
"nagana."  He  found  the  administration  of  arsenic  of  great  benefit  to 
these  horses.  In  1895  Bruce  demonstrated  that  "nagana"  is  due  to  in- 
fection with  a  trypanosome.  This  was  also  shown  to  be  the  case  in 
''surra,"  as  this  disease  is  known  in  India.  Putting  these  facts  together, 
arsenic  in  various  forms  has  been  largely  employed  in  the  treatment  of 
sleeping  sickness.  In  1905  Thomas  demonstrated  the  value  of  atoxyl, 
an  arsenical  preparation,  in  the  treatment  of  experimental  trypanoso- 
miasis in  animals.  This  and  other  arsenical  preparations,  including 
arsphenamine,  have  been  employed,  apparently  with  marked  benefit,  in 
the  treatment  of  the  disease.  More  recently,  tartar  emetic  and  other 
antimonial  preparations  have  apparently  given  even  better  results. 

TrypanO'Somes. — There  is  an  almost  endless  number  of  species  of  para- 
sites belonging  to  this  genus.  They  are  not  only  numerous,  but  they 
exhibit  marked  variations  in  form,  size,  and  in  effect  upon  their  hosts. 
The  first  parasite  of  this  genus  was  found  in  the  blood  of  frogs  and  was 
described  by  Gruby  as  long  ago  as  1843'.  His  description  reads  as 
follows : 

'^Its  elongated  body  is  flattened,  tra,nsparent,  curved  like  a  centre-bit;  tlie  cephalic 
end  is  terminated  in  a  thin,  elongated  filament;  the  caudal  end  is  terminated  also  in 
a  pointed  filament.  The  length  of  the  animal  is  40  to  80  microns.  Its  breadth  is  5 
to  10  microns.  The  filamentous  pointed  cephalic  end  has  the  greatest  mobility.  The 
length  of  the  cephalic  filament  is  10  to  12  microns;  its  body  is  elongated,  flat,  and 
toothed  like  the  blade  of  a  saw  all  along  the  length  of  one  of  its  margins.  It  is,  as 
I  have  above  mentioned,  supple  and  twisted  two  or  three  times  around  its  axis,  like 
an  augur  or  corkscrew,  which  is  the  reason  why  I  propose  to  name  this  hematozoon, 
trypanosoma. ' ' 

In  a  general  way  trypanosomes,  as  found  in  the  blood  of  vertebrates, 
consist  of  spindle-shaped  masses  of  cytoplasm  composed  of  an  inner 
granular  endoplasm  and  an  outer  ectoplasm.  In  the  endoplasm  there 
are  two  nuclear  bodies.  The  larger,  known  as  the  trophonucleus,  is  in 
the  majority  of  species  situated  near  the  middle  of  the  endoplasm,  while 
the  smaller,  the  kinetonucleus,  is  located  near  the  anterior  end  of  the 
parasite.  However,  in  different  species  the  relative  location  of  these 
two  bodies  differs  greatly.  At  one  end  of  the  parasite  is  a  long  flagel- 
lum,  a  continuation  of  which  forms  the  border  of  an  undulating  mem- 
brane and  ends  at  the  kinetonucleus.  The  undulating  membrane  is, 
therefore,  a  layer  of  ectoplasm  raised  from  the  surface  of  the  parasite 
and  terminating  anteriorly  at  the  base  of  the  free  flagellum.  In  certain 
species  there  are  chromatoid  granules  in  the  endoplasm.  In  most  species 
these  are  most  abundant  posteriorly  to  the  trophonucleus.  All  trypano- 
somes require  for  their  full  development  two  hosts,  one  of  which  is  a 
vertebrate  and  the  other  a  blood-sucking  invertebrate.     When  a  clean 
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vertebrate  is  infected  by  an  infested  invertebrate  no  parasites  are  to 
be  found  in  the  peripheral  blood  until  an  interval  of  some  days.  This  is 
known  as  the  incubation  period.  What  happens  during  this  time  is 
not  certainly  known.  There  is  probably  some  form  of  multiplication, 
but  sooner  or  later  the  parasites  appear  in  the  peripheral  blood  where 
they  show  marked  variation,  according*  to  species,  in  form.  Even  in 
the  same  species,  as  for  instance  T.  gambiense,  there  may  be  short 
spindles  not  more  than  14  microns  in  length,  medium  forms  20  microns 
and  long  forms  33'  microns.  These  differences  in  size  have  been  thought 
by  some  to  be  due  to  different  sexes,  male,  female,  and  neutral.  The 
usual  form  of  multiplication  of  the  trypanosome  in  the  blood  is  by 
longitudinal  fission.  The  number  of  parasites  in  the  blood  of  an  in- 
oculated animal  varies  widely  from  time  to  time,  and  it  is  supposed 
that  they  may  disappear  from  the  blood  to  undergo  a  period  of  encyst- 
ment  in  some  tissue.  There  is  still  some  difference  of  opinion  as  to 
sexual  reproduction  in  the  blood  of  the  vertebrate.  It  is  believed  by 
some  investigators  that  the  very  slender,  highly  motile  trypanosome' 
with  an  elongated  nucleus  is  the  male;  that  the  broad,  slowly  moving, 
parasite,  with  a  round  nucleus  and  possessing  a  short  fiagellum,  is  the 
female;  that  the  forms  most  commonly  met  w^ith,  showing  granular 
cytoplasm  and  no  well-defined  nucleus,  are  neutrals.  It  is  true  that 
sexual  conjugation  is  reported  to  have  been  seen  under  the  microscope 
by  certain  observers.  However,  it  is  by  no  means  certain  that  the  move- 
ments observed  indicate  sexual  union,  and  it  is  thought  by  some  good 
observers  that  the  phenomena  observed  are  connected  with  longitudinal 
fission  rather  than  with  copulation. 

Most  trypanosomes  are  apparently  quite  harmless  to  their  vertebrate 
hosts.  A  number  of  animal  diseases  in  which  this  is  not  the  case  will 
be  referred  to  later.  Those  which  are  known  to  cause  disease  in  man 
are  T.  gambiense  and  T.  rhodesiense,  the  causes  of  African  sleeping 
sickness;  T.  cruzi,  the  cause  of  South  American  trypanosomiasis. 

T.  gambiense  as  found  in  the  blood  or  cerebrospinal  fluid  of  man 
varies  in  length  from  14  to  33  microns  and  in  breadth  from  2  to  2.5 
microns.  However,  it  displays  remarkable  evidence  of  polymorphism. 
The  posterior  end  varies  in  shape  and  in  size,  sometimes  quite  pointed 
and  in  other  instances  quite  rounded.  The  trophonucleus  is  oval  in 
shape,  located  about  the  middle  of  the  body  and  in  front  of  the  chro- 
matic granules  in  the  cytoplasm.  The  kinetonucleus  is  oval  and  behind 
it  there  is  often  a  visible  vacuole.  The  life  history  of  this  parasite  in 
the  human  body  has  not  been  completely  studied.  As  has  been  stated, 
the  trypanosome  is  sometimes  found  in  the  peripheral  blood,  but  in 
other  instances  most  careful  search  of  this  fluid  fails  to  demonstrate  it. 
It  is  more  frequently   and   easily  found  in  the  juice   of  the   enlarged 
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cervical  glands,  and  in  the  third  stage  of  the  disease  it  is  present  in 
the  cerebrospinal  fluid.  In  experimental  inoculation  in  the  rat  this 
parasite  gradually  increases  in  the  peripheral  blood,  then  declines  in 
numbers  and  finally  disappears  altogether  for  a  period.  During  this 
latent  period  the  trypanosome  may  be  found  especially  in  the  spleen 
and  bone  marroAV  in  which  the  protoplasm  becomes  detached  from  the 
periphery  of  the  nucleus.  The  rest  of  the  cell  body  disintegrates  and 
the  flagellum  with  the  kinetonucleus  may  be  altogether  detached.  These 
forms  have  been  called  by  Moore  and  Breinl  "latent  bodies."  They 
show  a  flattened  nucleus  containing  a  centrosome  attached  to  a  vesicle, 
the  whole  being  surrounded  by  a  ring  of  cytoplasm.  The  centrosome 
inside  the  nucleus  divides,  escapes  from  the  nucleus,  and  becomes  the 
kinetonucleus,  which  develops  into  the  form  found  in  the  blood. 

The  evolution  of  T.  gambiense  in  the  tsetse  fly  is  apparently  both 
complicated  and  precarious.  One  of  the  latest  writers  on  this  subject, 
Duke,  makes  the  following  statement : 

"During  the  earlier  stages  of  this  cycle  the  insect  is  incapable  of  conveying  the 
parasite  to  susceptible  hosts  upon  which  it  feeds.  A  condition  is  finally  produced 
when  the  parasite  is  established  in  the  salivary  glands  of  the  fly  which  is  hencefor- 
ward infective,  as  far  as  known",  until  its  death.  There  is  a  large  amount  of  evidence 
to  show  that  in  only  a  small  percentage  of  Glossina  palpalis  is  the  trypanosome  ca- 
pable of  undergoing  cyclical  development.  The  highest  percentage  of  positive  flies 
that  we  have,  obtained  in  any  laboratory  feeding  experiment  was  20.6.  Miss  Robert- 
son, gives  3.4  as  the  average  percentage  of  positive  flies  given  with  the  Uganda 
strains  of  what  is  generally  presumed  to  be  T.  gambiense  in  laboratory  bred  flies. 
Frequency  of  the  infecting  feedings  appears  to  make  no  difference  in  the  resulting 
percentage  of  positive  flies.  In  the  above  percentage  calculations  any  fly  showing- 
multiplication  of  trypanosomes  in  its  gut  is  classed  as  positive.  A  lajge  proportion 
of  these,  however,  die  before  invasion  of  the  salivary  glands  with  infecting  forms  had 
occurred.  In  the  course  of  the  investigations  of  the  Commissions  of  the  Royal  Society 
a  large  number  of  experiments  have  been  carried  out  to  determine  the  percentage  of 
wild  flies  carrying  a  polymorphic  trypanosome,  which  appears  from  laboratory  evidence 
identical  with  the  organism  which  caused  the  epidemic.  Experiments  conducted  with 
wild  flies  caught  near  Entebbe  in  1903,  where  the  natives  were  considered  to  be  in- 
fected' with  trypanosomes  in  the  proportion  of  one  in  every  three  or  four,  revealed  a 
percentage  of  0.3  positive  flies;  0.1  per  cent  of  positive  flies  resulted  from  experi- 
ments performed  in  May,  1911,  with  flies  from  Damba  Island,  in  the  Sesse  group." 

So  far  as  the  evolution  of  T.  gambiense  in  the  fly  has  been  made  out 
it  runs  as  follows:  The  trypanosomes  multiply  in  the  midgut,  develop- 
ing into  long  highly  motile  bodies  which  between  the  twelfth  and 
twentieth  days  find  their  way  into  the  salivary  glands.  Here  they  be- 
come attached  to  the  walls  and  suffer  fission,  leading  to  the  formation 
of  minute  trypanosomes  similar  to  those  which  are  seen  in  the  blood. 
According  to  Robertson,  the  development  within  the  salivary  glands  of 
the  fly  requires  from  two  to  five  days,  and  this  happens  in  only  about 
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eigiit  per  cent  of  flies  experimentally  infected.    Concerning  tlie  develop- 
ment within  tlie  fly,  Duke  makes  the  following  statement: 

"The  trypanosomes  on  entering  the  gut  of  a  fly  suited  to  their  cyclical  develop- 
ment multiply  enormously  by  division.  This  process  is  continued  for  at  least  17 
days  and  finally  the  forms  infective  to  a  new  host  are  found  in  the  salivary  glands 
of  the  fly.  The  gulf  separating  these  salivary  gland  forms  from  the  original  infect- 
ing trypanosomes  is,  biologically  speaking,  enormous.  It  is  reasonable  to  suppose 
that  none  but  specific  and  deep-rooted  characters  could  survive  such  a  drastic  ordeal. 
The  question  of  the  transmission  of  acquired  characters  through  the  insect  inter- 
mediary has  not  been  properly  worked  out  for  the  hematozoa.  Gonder's  experiments 
with  T.  lewisi  are,  however,  most  instructive  in  this  connection.  He  found  that  a 
strain  of  lewisi  whose  resistance  to  arsenic  had  survived  20  passages,  lost  this  property 
when  transmitted  cyclically  by  lice.  The  same  strain  when  transmitted  by  the  lice 
from  rat. to  rat  by  the  direct  method  retained  its  arsenic  resistance." 

The  tsetse  fly  transmits  human  trypanosomes  either  directly  or  cycli- 
cally. It  has  been  abundantly  shown  that  immediately  after  feeding 
upon  an  infected  man  or  animal  G.  palpalis  may  mechanically  transfer 
the  trypanosome  to  a  new  host.  Duke  says  that  there  is,  so  far  as 
known,  no  other  biting  fly  whose  mouth-parts  are  adapted  to  the  trans- 
mission of  trypanosomes  which  can  compare  with  glossinae  as  a  dis-, 
seminator  of  the  disease  by  the  direct  method. .  When  interrupted  dur- 
ing its  meal  on  one  man  G.  palpalis  with  unsatisfied  appetite  eagerly 
and  even  daringly  seeks  another  individual  from  whom  it  may  draw 
further  food.  We  have  already  referred  to  something  like  this  in 
speaking  of  the  infection  of  the  natives  in  the  canoes  on  Victoria 
Nyanza.  There  is  some  reason  for  suspecting  that  the  parasite,  Avhen 
transmitted  mechanically  and  directly,  is  more  virulent  than  when 
transmitted  cyclically;  indeed,  in  his  recent  report,  Duke  is  inclined  to 
deny  that  there  is  any  positive  evidence  that  an  infected  fly  has  ever 
transmitted  sleeping  sickness  to  man  cyclically.  In  experiments  on 
animals,  however,  the  cyclic  transmission  is  fully  established.  This  is 
one  of  the  many  problems  still  connected  with  this  disease  and  its  trans- 
mission which  must  await  solution. 

T.  rhodesiense  differs  but  little  morphologically  from  T.  gambiense. 
The  principal  difference  is  in  the  relative  location  within  the  endoplasm 
of  the  trophonueleus  and  the  kinetonucleus.  These  are  closer  together 
in  T.  rhodesiense  than  in  T.  gambiense,  and  in  the  former  it  occasionally 
happens  that  the  trophonueleus  is  found  betAveen  the  kinetonucleus  and 
the  aflagellar  end  of  the  parasite;  in  other  words,  the  relative  position 
of  these  two  bodies  is  changed.  The  development  of  this  parasite  in 
both  the  vertebrate  and  invertebrate  hosts  does  not  differ  in  any  mate- 
rial way  from  that  of  T.  gambiense.  This  parasite  occurs  not  only  in 
man,  but  in  certain  domestic  animals,  as  cattle,  and  in  big'  game,  such 
as  antelope,  hartebeest,  etc. 
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T.  cruzi. — This  trypanosome,  discovered  by  Chagas  in  1909,  has  for 
its  invertebrate  host  a  bug,  Conorhinus  megistus,  formerly  known  as 
Lamus  megistus,  and  has  been  shown  to  be  the  cause  of  South  American 
trypanosomiasis.  In  the  peripheral  blood  it  appears  in  two  forms,  free 
and  in  the  red  blood  corpuscles.  The  free  parasites  are  seen  in 
two  forms,  one  with  a  large  oval  kinetonucleus  and  with  a  band- 
like trophonueleus.  The  second  is  smaller,  has  no  kinetonucleus,  and 
is  without  an  appendix.  It  is  supposed  by  some  that  these  forms  repre- 
sent male  and  female.  This  trypanosome  is  not  known  to  multiply  by 
longitudinal  fission.  According  to  Chagas,  the  cyclical  development  of 
this  parasite  occurs  in  the  lungs.  The  asexual  reproduction  is  believed 
to  take  place  in  the  tissues  of  various  organs,  such  as  the  striped  mus- 
cles, the  lungs,  and  the  nervous  system.  In  these  localities  the  parasite 
appears  as  an  oval  or  rounded  body  with  kinetonucleus  and  tropho- 
nueleus, but  without  undulating  membrane  or  flagellum.  In  the  in- 
vertebrate host  the  parasite  is  able  to  develop  both  sexually  and  asex- 
ually.  Chagas  reports  that  he  has  been  able  to  infect  guinea  pigs,  rab- 
bits, cats,  and  dogs  by  the  bites  of  the  infected  insects.  The  insect  is 
voracious;  attacks  people,  especially  children,  at  night,  and  since  the 
bites  are  generally  upon  the  face,  the  insect  is  known  locally  as  ''the 
barber."  The  disease  begins  with  an  acute  fever,  showing  a  morning 
fall  and  an  evening  rise.  This  is  accompanied  by  edema  of  the  face, 
manifesting  marked  crepitation.  There  is  an  enlargement  of  the  thy- 
roid and  of  the  cervical  glands.  There  may  be  transient  edemas  in 
different  parts  of  the  body.  Both  spleen  and  liver  are  enlarged  and 
the  former  often  becomes  painful.  The  fever,  which  is  at  first  con- 
tinuous, becomes  remittent  with  periodic  intervals.  During  the  fever 
the  trypanosomes  can  be  found  in  the  peripheral  blood,  from  which 
they  disappear  during  the  afebrile  period.  This  is  known  as  the  acute 
disease,  from  which  the  child  dies  or  passes  into  a  chronic  stage.  Chronic 
South  American  trypanosomiasis  manifests  itself  in  several  forms.  One 
of  these,  known  as  the  myxedematous  form,  is  characterized  by  atrophy 
of  the  thyroid  gland  with  the  usual  symptoms  of  myxedema.  The  skin 
becomes  rough,  the  hair  falls  out,  there  is  an  arrest  of  mental  develop- 
ment in  children  and  evidences  of  mental  deterioration  in  adults.  The 
lymphatic  glands  in  various  parts  of  the  body  are  enlarged,  and  this 
form  is  often  accompanied  by  inflammatory  disease  of  the  eye. 

In  the  second  form,  known  as  pseudomyxedema,  there  is  hypertrophy 
of  the  lateral  lobes  of  the  thyroid  gland;  more  infrequently,  enlarge- 
ment of  the  central  lobe.  In  a  child  the  skin  takes  on  a  peculiar  bronze 
coloration ;  sometimes  a  violet  bronze.  These  peculiarities  in  the  color 
of  the  skin  are  believed  to  be  due  to  invasion  of  the  suprarenal  cap- 
sule by  the  parasite.     The  cervical,  axillary,  and  groin  glands  may  be 
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enlarged.  In  the  third  or  cardiac  form,  the  most  striking  abnormality 
is  associated  with  the  heart's  action,  iii  which  there  is  extra  systole. 

In  the  fourth  or  the  nervous  form,  there  are  symptoms  which  indicate 
disturbances  and  abnormalities  in  the  brain  and  spinal  cord.  There  is 
a  fifth  or  subacute  form,  in  which  there  is  a  continuance  of  the  fever 
with  marked  exacerbations.  This  form  is  accompanied  by  a  high  mor- 
tality and  is  marked  by  the  infrequency  with  which  the  parasite  is 
found  in  the  peripheral  blood.  According  to  Chagas,  infantilism  is  a 
sequel  to  the  disease.  This  disease  is  often  confounded  with  hookworm. 
Sometimes  the  two  diseases  appear  in  the  same  individual. 

So  far,  we  have  considered  the  three  trypanosomes  which  are  known 
to  invade  the  human  body.  We  shall  follow  this  with  short  mention  of 
some  of  the  trypanosomes  known  to  cause  disease  in  the  lower  animals. 

T,  evansi  was  discovered  by  Evans  in  India  in  1880,  and  since  that 
time  it  has  been  demonstrated  to  be  the  cause  of  a  disease  known  as 
''surra,"  which  infects  camels,  mules,  horses,  and  cattle  in  India,  Java, 
and  the  Philippines.  This  parasite  generally  measures  about  25  microns 
in  length,  1.5  microns  in  breadth,  and  has  a  pointed  head  and  a  long 
flagellum.  It  is  actively  motile  and  multiplies  by  tission.  According 
to  Holmes,  there  are  male  and  female  forms  which  conjugate  by  union 
of  the  posterior  extremities,  after  which  the  female  splits  into  amoeboid 
bodies  that  develop  into  trypanosomes  in  the  liver,  spleen,  and  bone 
marrow.  T.  eyansi  apparently  has  for  its  invertebrate  hosts  both  fleas 
and  flies.  It  causes  a  fever  which  is  either  remittent  or  intermittent  in 
character  and  is  accompanied  by  marked  muscular  weakness  and  fol- 
lowed by  paralysis  and  death. 

T.  brucei,  discovered  by  the  Bruces  in  1895,  is  the  cause  of  the  disease 
known  in  Zululand  as  "nagana,"  and  which  is  common  among  horses 
and  mules  in  that  country.  This  trypanosome  is  transmitted  by  G. 
morsitans,  which  is  widely  distributed  over  a  large  part  of  central  and 
southern  Africa,  especially  in  Zululand,  the  Transvaal,  Pretoria,  the 
Valley  of  the  Zambesi,  and  in  German  and  British  East  Africa.  It  is 
said  that  this  parasite,  which  in  horses  and  mules  varies  in  length  from 
28  to  3'3  microns,  differs  constantly  in  length  according  to  the  host  in 
which  it  is  found.  It  multiplies  by  longitudinal  division.  In  addition 
to  being  disseminated  by  the  bite  of  G.  morsitans,  it  is  spread  by  eating 
the  flesh  of  animals  dead  from  nagana.  Some  highly  competent  authori- 
ties insist  that  T.  evansi  and  T.  brucei  are  the  same,  or,  at  most,  their 
differences  do  not  justify  different  species. 

T.  equinum  is  the  cause  of  a  disease  seen  in  dogs  and  horses  in  South 
America  and  known  under  "the  name  ''mal  de  caderas,"  which  means 
disease  of  the  hind  quarters.  This  is  a  highly  fatal  disease  among  horses 
and  mules  in  South  America.    At  first,  there  is  fever.    While  the  appetite 
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remains  good  the  disease  makes  rapid  progress  and  soon  the  animal 
is  dragging  its  posterior  extremities.  Horses  may  live  from  six  to  eight 
weeks  after  the  paralysis  is  in  evidence.  In  morphology  and  develop- 
ment it  resembles  closely  T.  evansi  and  T.  brucei.  A  similar  disease 
has  been  noted  in  Venezuela  and  in  Panama. 

There  is  still  some  uncertainty  about  the  differentiation  between  the 
several  trypanosomiases  of  horses.  Some  authorities  claim  that  all  of 
these,  surra,  nagana,  mal  de  caderas,  and  dourine  are  one  and  the 
same  disease  and  that  the  several  trypanosomes  which  are  connected 
with  these  manifestations  are  varieties  of  the  same  species  and  not 
different  species.  For  instance,  Koch,  who  worked  especially  with 
surra  and  nagana,  believed  these  diseases  and  their  parasites  to  be 
identical;  on  the  other  hand,  Laveran  and  Mesnil  find  that  there  are 
constant  morphologic  differences  between  T.  brucei  and  T.  equinum ; 
that  animals  immunized  against  nagana  are  still  susceptible  to  mal  de 
caderas.  Most  South  American  investigators  believe  that  nagana  and 
surra  are  identical,  are  in  some  doubt  as  to  whether  mal  de  caderas 
should  be  placed  in  this  group  or  not,  and  are  quite  sure  that  dourine 
must  be  placed  in  a  class  by  itself.  While  these  matters  are  of  scientific 
importance,  to  the  epidemiologist  the  question  of  the  agent  or  agents 
concerned  in  the  transmission  of  horse  trypanosomiasis  is  of  greater 
importance.  As  has  been  stated,  it  has  been  quite  conclusively  shown 
that  in  South  Africa  T.  brucei,  the  active  agent  in  the  causation  of 
nagana,  is  distributed  by  a  species  of  the  tsetse  fly,  G.  morsitans.  In 
South  America,  Java,  the  Philippines,  and  India  the  tsetse  fly  is  not  in 
evidence;  consequently,  in  these  countries  some  other  vector  must  be 
present.  In  India,  South  America,  and  the  Philij)pines  the  economic 
loss  from  horse  trypanosomiasis  has  been  so  great  that  even  costly  ex- 
perimentation has  been  resorted  to.  Where  valuable  horses  have  been 
kept,  all  their  food  and  their  drinking  water  have  been  sterilized  in 
order  to  prevent  infection  with  the  trypanosome.  These  measures  have 
failed,  as  have  all  attempts  to  infect  horses  by  inoculating  their  food 
with  trypanosomes.  It  is  well  known  that  T.  lewisi  is  transferred 
from  rat  to  rat  by  means  of  fleas  and,  this  being  the  case,  it  is  highly 
probable  that  other  species  of  trypanosomes  might  be  transferred  from 
rat  to  rat  by  the  same  agent.  At  one  time  it  was  suggested  and  widely 
believed  that  horses  acquired  their  infection  indirectly  from  rats.  In- 
fected rats  were  supposed  to  pollute  with  their  excrement  the  grain  and 
hay  eaten  by  horses.  There  is,  however,  no  reason  for  believing  that 
the  excrement  of  infected  rats  contains  trypanosomes,  and,  in  the  second 
place,  if  trypanosomes  should  contaminate  the  food  of  horses  only  those 
horses  would  be  in  danger  which  had  open  wounds  in  the  mucous  mem- 
brane of  the  alimentary  canal.     It  is  quite  certain  that  horse  trypano- 
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somiasis  is  transmitted  from  animal  to  animal  by  flies.  For  the  most 
part  these  are  biting  flies,  such  as  the  horse  fly  (Stomoxys  calcitrans), 
and  various  species  of  tabanids.  Nonbiting  flies  may  transmit  trypano- 
somes  to  open  sores.  In  the  epidemic  of  horse  trypanosomiasis  in  the 
Philippines  (1901-1903)  Curry  considered  the  Stomoxys  calcitrans  as 
the  principal  agent  of  transmission  and  found  it  feeding  in  great  num- 
bers on  sick  animals.  Later  in  the  same  epidemic,  Musgrave  and  Clegg 
confirmed  these  observations.  Like  observations  have  been  made  in 
Panama.  Trypanosomes  were  detected  in  the  stomachs  and  proboscides 
of  horse  flies  up  to  24  hours  after  they  had  been  feeding  upon  diseased 
horses.  Musgrave  and  Clegg  summarize  their  extensive  researches  on 
the  transmission  of  the  virus  in  horse  trypanosomiasis,  as  follows: 

' '  Without  going ,  into  further  detail,  there  is  an  abundance  of  incontrovertible 
evidence  that  the  disease  is  transmitted  by  a  number  of  species  of  biting  flies,  asi 
v?as  the  opinion  of  the  natives  of  India  and  Africa  long  before  science  demonstrated 
the  fact.  It  has  thus  far  been  conclusively  shown  that  the  tsetse  fly  (Glossina 
morsitans),  at  least  one  other  variety  of  Glossina,  Stomoays  calcitrans,  Musca  hrava 
(?),  Taon,  and  at  least  have  one  variety  of  Tabani  transmit  the  disease.  All  other  biting 
insects  have  been  looked  upon  with  suspicion,  but  absolute  proof  of  transmission  by 
them  has  not  been  furnished." 

T.  equiperdum  is  the  cause  of  a  disease  in  horses,  most  frequently 
seen  in  India  and  North  Africa,  although  occasionally  found  in  Europe 
and  North  America.  This  disease  is  known  as  "dourine"  or  ''mal  du 
coit"  and  is  transmitted  not  by  an  invertebrate  host,  but  by  coition 
between  mare  and  stallion.  It  is,  therefore,  a  venereal  disease.  Its 
incubation  period  is  from  12  to  20  days.  The  first  evidence  is  edema 
of  the  genital  organs,  which  is  generally  painless  and  noninflammatory, 
although  it  may  be  accompanied  by  slight  elevation  of  temperature. 
After  a  period  of  six  or  seven  weeks  there  is  an  eruption  under  the 
skin  of  the  sides  and  hind  quarters,  more  rarely  seen  about  the  neck, 
shoulders,  and  thighs.  This  eruption  is  very  variable  in  its  appearance 
and  continuance.  It  may  be  quite  marked  in  the  morning  and  com- 
pletely disappear  by  night.  Later  there  is  marked  emaciation  and  loss 
of  strength.  Superficial  abscesses  appear  and  do  not  heal.  This  is  the 
usual  course  of  the  disease  and  is  called  ''chronic  dourine."  However, 
there  is  an  acute  type  in  which  the  animal  after  the  first  stage,  as 
described  above,  dies  from  paralysis.  The  lesions  found  after  death 
are  most  marked  in  the  spinal  cord  and  the  lymphatic  glands.  In  the 
former  there  is  a  gelatinous  exudation,  especially  marked  in  the  lumbar 
area. 

T.  dimorphon  was  discovered  by  Dutton  and  Todd  as  the  cause  of  a 
disease  in  horses  observed  in  various  parts  of  Africa.  More  rarely 
it  is  found  in  cattle,  goats,  sheep,  dogs,  and  pigs.     In  horses  there  is 
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first  marked  weakness,  followed  within  from  14  to  21  days  by  fever. 
Gradually  the  animal  becomes  weaker,  presents  an  appearance  of  marked 
illness  and  death  results  in  about  a  year. 

T.  lewisi  is  a  parasite  found  frequently  in  rats  in  this  country.  Ap- 
parently it  has  no  ill  effect  upon  its  host.  It  is  distributed  among  these 
animals  by  both  lice  and  fleas.  It  serves  a  useful  purpose  in  furnishing 
trypanosomes  for  laboratory  study.  Besides  these  trypanosomes,  there 
are  almost  innumerable  others  which  infest  A^ertebrates  of  all  kinds, 
including  birds,  reptiles,  and  mammals. 

In  1903'  Novy  and  McNeal  made  an  epoch-making  discovery  which 
has  contributed  greatly  to  our  knowledge  of  trypanosomes.  These  in- 
vestigators, employing  T.  lewisi  obtained  from  Ann  Arbor  rats,  showed 
that  these  organisms  can  be  grown  in  artificial  cultures.  They  employed 
blood-agar  tubes  and  obtained  abundant  growths,  both  in  the  incubator 
at  37°  C.  and  at  room  temperature,  the  optimum  being  25°  C. 
Since  that  time,  following  the  methods  then  employed,  they  and  others 
have  grown  artificially  many  species  of  trypanosomes.  This  method 
has  given  the  student  of  these  parasites  abundant  opportunities  to  study 
not  only  their  pathology,  but  their  life-cycle.  The  same  investigators 
have  added  materially  to  the  list  of  species  of  trypanosomes.  It  is 
rather  a  serious,  and  certainly  an  interesting,  question  whether  there 
is  danger  to  man  of  infecting  himself  while  working  with  these  organ- 
isms, even  though  he  confines  himself  to  those  which  are  believed  to  be 
nonpathogenic.  •  Some  years  ago  Lanfranchi,  an  Italian  worker,  became 
infected  in  some  unknown  way,  presumably  with  surra  trypanosome, 
with  which,  and  nagana  he  had  been  carrying  on  some  investigations. 
For  about  two  years  he  had  an  occasional  irregular  fever,  accompanied 
by  debility  and  cutaneous  edema.  During  this  time,  however,  his  mind 
remained  perfectly  clear.  He  was  treated  with  atoxyl  and  tartar  emetic 
and  apparently  fully  recovered.  Comparative  studies  which  he  made 
with  the  organism  isolated  from  his  blood  showed  that  it  was  more 
closely  related  to  T.  evansi  than  to  gambiense.  This  is  the  only  in- 
stance, so  far  as  we  know,  in  which  a  tr3'panosome,  presumably  non- 
pathogenic to  man,  has  been  found  in  human  blood.  Eecently,  Macfie 
has  reported  a  mild  trypanosomiasis  in  a  man  in  whose  blood  was  found 
a  trypanosome  resembling  T.  vivax,  hitherto  believed  to  be  incapable 
of  infecting  man.  It  may  be  added  that  Taute  and  Huber,  convinced 
of  the  harmlessness  to  man  of  T.  brucei,  injected  a  large  number  of 
persons  with  trypanosomal  blood  of  a  horse  without  any  ill  effect.  The 
latest  information  we  have  concerning  trypanosomes  comes  from  Tur- 
kestan, where  in  1918  Yakimoff  has  reported  trypanosomiasis  among 
the  camels  of  Turkestan  and  Astrakhan.  Yakimoff  has  identified  this 
parasite  as  T.  theileri,  although  he  thinks  it  probable  that  other  species 
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may  play  a  part.  It  is  most  probable  that  the  world  movements  which 
have  accompanied  the  Great  "War  will  be  found  to  result  in  a  wider 
distribution  of  trypanosomiasis,  certainly  among  animals,  if  not  among 
men. 

Tsetse  Fly. — "We  are  at  present  interested  only  in  Glossina  palpalis 
and  G.  morsitans.  Both  species  are  confined,  so  far  as  we  now  know,  to 
Africa  and  Arabia.  They  live  naturally  upon  blood  derived  from  land 
mammals,  although  it  is  reported  that  G.  palpalis  feeds  upon  crocodiles 
and  hippopotami.  Development  of  the  young  occurs  to  the  larval  state 
within  the  body,  the  female  producing  a  single  larva,  followed  by  an- 
other after  about  two  weeks.  The  unborn  larva  almost  completely  fills 
the  abdomen  of  the  mother.  When  extruded  it  is  able  to  travel  on  its 
own  account  immediately  and  is  found  near  the  roots  of  banana  plants. 
The  motile  period  of  the  larva  is  of  short  duration,  probably  less  than  an 
hour.  The  larvae  find  a  hole  or  some  other  hiding  place  about  the  roots  of 
trees  and  develop  into  the  imagos  after  passing  through  the  pupal  stage. 

The  adult  fly  is  found  most  abundantly  in  the  jungle  near  water 
courses.  Bagshawe,  who  has  studied  these  insects,  has  concluded  that 
without  aid  they  will  transport  themselves  only  for  the  short  distance 
of  about  80  yards,  but  they  can  be  carried  on  animals,  on  boats,  or  other 
vehicles  of  transportation  through  long  distances.  They  bite  with  most 
energy  about  midday  and  usually  disappear  late  in  the  afternoon, 
to  reappear  about  noon  the  next  day.  African  explorers  have  found  it 
desirable  to  j)rotect  themselves  during  the  daytime  and  to  locate  their 
camps  at  least  a  quarter  of  a  mile  from  water  and  jungle.  As  is  the  case 
with  other  insect-borne  diseases,  the  area  of  distribution  of  the  insect 
exceeds  that  of  the  disease;  therefore,  it  is  desirable  that  infected  per- 
sons and  cattle  should  not  move  into  areas  already  infested  by  these 
flies  and  where  the  insects  have  remained  free  from  the  infection.  AVhen 
an  infected  indiAddual  passes  outside  the  area  of  distribution  of  the  fly 
he,  of  course,  carries  the  disease  with  him  but  is  not  a  source  of  dan- 
ger to  others. 

Prophylaxis. — Human  trypanosomiasis  is  now,  and  probably  will  con- 
tinue to  be  for  some  years,  on  the  increase  in  Africa.  In  that  country 
the  distribution  of  the  carrying  flies  is  much  greater  than  that  of  the 
disease  at  present  or  at  any  time  in  the  past.  As  traffic  and  opportu- 
nity develop  in  that  country  it  is  quite  certain  that  the  infection  will 
sooner  or  later  be  coextensive  with  the  habitat  of  the  fly.  The  exter- 
mination of  the  fly  will  be  a  slow  but  constant  process  and  sooner  or 
later  will  be  an  accomplished  fact.  How  many  thousands  and  tens  of 
thousands  of  lives  Avill  be  destroyed  before  this  is  done  depends  upon 
the  intelligence  that  is  used  in  developing  the  interior  of  the  African 
continent.     In  Africa  it  is  quite  certain  that  some  wild  animals  carry 
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this  virus,  probably  "without  harm  or  with  but  little  harm  to  themselves. 
These  act  as  reservoirs  and  keep  up  the  supply  of  virus,  which  is  trans- 
mitted from  time  to  time  to  man  and  domestic  animals.  It  seems  that 
the  flying  range  of  the  tsetse  fly  is  not  great  and  much  can  be  done  by 
cleaning  out  the  jungle  around  villages  and  rendering  access  to  drink- 
ing water  easy  without  danger  of  being  bitten  by  an  infected  fly.  Trav- 
elers can  protect  themselves  by  selecting  proper  locations  for  camps 
and  by  protecting  their  persons  from  biting  flies. 

Protection  against  horse  trypanosomiasis  is  a  matter  of  marked  eco- 
nomic importance.  A  country  in  which  this  disease  does  not  exist  should 
protect  itself  by  placing  such  restrictions  upon  the  importation  of 
horses  and  other  animals  as  may  be  necessary  to  prevent  the  introduc- 
tion of  the  disease.  All  imported  animals  should  be  examined  for  the 
parasite  and  if  found  the  animal  should  be  killed  and  the  bod}^  promptly 
and  efficiently  destroyed.  During  the  epidemic  in  the  Philippine  Islands 
(1901-1903)  the  United  States  very  promptly  forbade  the  importation  of 
any  and  all  animals  from  these  Islands.  The  danger  is  that  some  in- 
fected animal  may  find  its  way  into  the  country  from  some  port  not 
known  to  be  infested.  Special  attention  should  be  given  to  the  impor- 
tation of  wild  animals  for  zoologic  gardens,  for  circuses  and  other  shows. 

In  a  country  in  which  horse  trypanosomiasis  has  already  been  intro- 
duced the  eradication  of  the  disease  is  not  so  easy.  It  must  be  under- 
taken promptly,  however,  because  the  wider  it  spreads  the  more  costly 
will  be  its  extermination  and  the  greater  length  of  time  will  it  require. 
In  all  cases  sick  animals  must  be  promptly  reported  and  when  trjqDano- 
somiasis  is  diagnosed  the  animal  must  be  killed  or  it  must  be  isolated 
until  properly  treated  and  cured. 

Arsphenamiue  and  its  congeners  hold  out  great  promise  in  the  treat- 
ment of  trypanosomiasis  and  it  is  more  than  probable  that  an  effective 
and  curative  agent  for  this  disease  will  be  found  in  the  near  future  that 
will  be  of  great  service  in  the  eradication  of  the  disease.  In  1921  it  was 
reported  that  expeditions  were  to  be  sent  from  both  England  and  Ger- 
many to  Africa  with  the  purpose  of  testing  out  certain  arsenical  prepa- 
rations in  the  treatment  of  trypanosomiasis. 

A  certain  highly  complex  arsenical  preparation  known  as  tryparsa- 
mide  (the  sodium  salt  of  N-phenylglycine-amide-p-arsonic  acid)  has  al- 
ready been  demonstrated  experimentally  by  Pearce  and  Brown  to  be 
effective  in  infected  animals  and  has  been  tested  to  a  limited  extent  on 
man. 
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CHAPTER  XXV 

FRAMBOESIA 

Yaws  (in  English  colonies)  ;  pian  (in  French  colonies)  ;  boubas  (in 
Brazil) ;  parangi  (in  Ceylon) ;  coko  (in  the  Fiji  Islands)  ;  gattoo  (in  West 
Africa)  ;  various  other  local  names. 

Description. — This  is  a  chronic,  infections  disease,  characterized  by 
indefinite  prodromal  symptoms,  with  development  of  a  primary  sore  and 
followed  by  a  granulomatous  fungous  eruption,  due  to  a  specific  spiro- 
chete discovered  by  Castellani  and  designated  by  him  as  Treponema 
pertenue.  In  many  respects  this  disease  resembles  syphilis,  inasmuch 
as  there  are  at  least  three  fairly  well-marked  stages  in  its  progress.  The 
period  of  incubation,  including  the  appearance  of  the  primary  sore,  is 
highly  variable,  as  determined  by  the  study  of  its  natural  development 
and  by  observations  after  experimental  inoculation.  The  time  required 
for  the  progress  of  this  stage  is  generally  placed  in  cases  of  natural  in- 
fection at  from  two  to  three  weeks,  but  in  many  instances  it  is  probably 
much  longer,  since  it  has  been  observed  after  inoculation  that  some 
months  may  elapse  before  disturbance  of  health  functions  rises  to  the 
plane  of  clinical  recognition.     Rat  makes  the  following  statement: 

''There  are  no  special  symptoms  to  be  recorded  in  connection  with  the  incubation 
stage.  Being  unaware  of  the  changes  taking  place  in  his  system  the  patient  takes 
no  note  of  any  derangement  of  his  health  which  may  occur  during  this  period,  or, 
should  he  do  so,  attributes  it  to  an  incipient  catarrh,  or  malarial  fever,  or  to  dis- 
ordered digestion.  While  the  little  attention  paid  to  such  deYiations  from  health 
makes  it  most  probable  that  the  suggestive  symptoms,  in  cases  of  ordinary  infection, 
can  only  be  trifling,  it  is  impossible  to  suppose  that  a  disease  which  is  capable  of 
affecting  the  system  so  profoundly  can  occupy  it  for  several  weeks  without  inducing 
considerable  changes  in  one  or  more  of  its  tissues.  In  cases  of  inoculation  which 
have  come  under  my  notice,  the  following  symptoms  were  observed.  The  skin  is  dry; 
its  papulae  are  unusually  prominent ;  there  is  a  loss  of  pigment  in  certain  portions 
of  the  skin  at  different  parts  of  the  body,  but  chiefly  in  the  neighborhood  of  the  site 
of  inoculation,  producing  light  colored  patches  of  variable  size  which  appear  yellow 
in  the  African ;  and  the  upper  cells  of  the  epidermis  become  dry,  causing  the  latter  to 
shrivel,  and  giviiig  the  patient's  skin  the  appearance  of  being  in-egularly  encrusted 
with  salt.  This  condition,  presumably  due  to  atrophic  changes  induced  through  nervous 
agencies,  is  probably  always  present  in  a  greater  or  less  degree;  but,  as  it  is  some- 
times limited  to  only  a  small  surface  around  the  infected  point,  it  may  escape  notice. 
It  is  often,  however,  a  very  prominent  symptom  wliicli  persists,  in  some  cases,  long 
after  the  eruptive  stage,  as  an  indication  of  the  imperfect  development  of  the  dis- 
ease or  of  its  latency  in  the  system.  Palpitation  of  the  heart  is  readily  induced  during 
this  stage,  whenever  the  ]3atieut  exerts  himself,  especially  when  climbing,  or  when 
mentally    excited.      There    is,    also,    giddiness,    chiefly    after    arising    from    a    stooping 
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posture.  Edema  of  the  limbs  and  eyelids  is  sometimes  j)resent.  These  are  indica- 
tions of  the  anemia  produced  by  the  disease,  and  manifesting  itself  under  the  micro- 
scope by  an  abnormal  preponderance  of  white-blood  corpuscles. ' ' 

Many  observers  report  the  most  prominent  prodromal  symptoms  as 
consisting  of  an  irregular  fever,  accompanied  by  rheumatic  pains,  head- 
ache, and  general  malaise.  Usually,  after  these  indefinite  symptoms 
have  continued  for  two  or  three  weeks,  the  primary  sore  comes  into  evi- 
dence. There  are  authorities  who  assert  that  there  is  not  in  all  cases  a 
definite,  well-defined  characteristic  primary  sore,  but  the  best  opinion 
upon  this  matter  is  that  expressed  by  Eat  and  confirmed  by  many  oth- 
ers, that  a  primary  lesion  in  yaws  is  quite  as  characteristic  of  that  affec- 
tion as  the  chancre  of  syphilis.  As  in  the  last-mentioned  disease,  there 
may  be  difficulty  in  detecting  the  initial  lesion.  Especially  is  this  true 
among  those  already  suffering  from  some  eruptive  disease,  and  even 
among  those  whose  lack  of  bodily  cleanliness  may  make  the  detection  of 
a  specific  pimple  difficult.  In  others,  the  primary  sore  may  be  located  in 
a  previously  existing  lesion  in  the  cutaneous  tissue ;  indeed,  such  lesions 
give  opportunity  for  the  penetration  into  the  body  by  the  specific  organ- 
ism of  yaws.     Rat  gives  the  following  description  of  the  primary  sore: 

"When  fully  developed,  the  initial  cutaneous  lesion  of  yaws  consists  of  a  papule 
which,  at  the  end  of  about  seven  days,  develops  a  pale  yellow  fluid  at  its  apical  third. 
After  about  seven  days  more,  the  fluid  dries,  and  on  the  removal  of  the  scab  thus 
formed,  an  ulcer  is  revealed,  with  perpendicular  edges  and  a  clean  base  lined  with 
granulation  tissue.  In  the  course  of  the  following  fortnight,  the  ulcer  heals  by  contrac- 
tion from  the  circumference  to  the  center,  leaving  a  very  slight  superficial  cicatrix 
lighter  at  first  in  color  than  the  adjacent  skin,  but  gradually  assuming  the  complexion 
of  the  patient.  The  ulcer  may  last  two  months  before  healing  of  itself.  Occasionally 
the  papule  disappears  entii'ely  by  ulceration  of  its  substance,  a  circular,  or  elliptical 
clean  shallow  sore  being  f oi-med  which  may  attain  the  size  of  a  florin  and  heals  by 
granulation.  Another  form  sometimes  assumed  by  this  lesion  is  that  of  a  sub- 
cutaneous tubercle  which  does  not  generally  proceed  to  ulceration,  but  disappears  by 
absorption  during  which  the  epithelium  on  its  surface  perishes  and  fonns  a  thin 
white  scale.  Occasionally  the  papule  is  deep-seated  and  becomes  large  enough  to  be 
considered  a  subcutaneous  tubercle.  In  course  of  time,  a  pustule  forms  over  it,  which, 
on  rupture,  reveals  several  minute  orifices  in  the  skin  through  which  the  subjacent  pus 
escapes. ' ' 

In  certain  endemic  areas  the  natives  have  in  their  various  tongues 
some  name  for  the  primary  sore  which,  in  all  cases  being  translated  into 
English,  means  "mother  yaAv."  The  primary  sore  is  usually  extragen- 
ital. On  men  and  children  its  most  common  location  is  on  the  exposed 
parts  of  the  body — hands,  arms,  feet,  and  legs;  although  it  may  be  any- 
where. In  nursing  Avomen  infected  by  their  infants,  mother  yaw  is 
most  frequently  on  the  breast.  Castellani  reports  that  in  Ceylon  a  fre- 
quent site  on  the  mother  is  just  above  the  hip,  due  to  the  custom  there 
prevalent  of  carrying  the  child  astride  the  mother's  hips.     The  primary 
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sore  is  never  indurated,  as  is  that  of  syphilis,  and  Avhile  the  lymphatic 
glands  in  the  neighborhood  may  for  a  time  be  slightly  enlarged  and  mod- 
erately painful,  they  never  suppurate.  The  continuance  of  the  primary 
sore  is  variable,  usually  extending  from  tvv^o  or  three  v^eeks  to  as  many 
months.  Finally  it  heals,  leaving  a  whitish  scar,  which,  in  time,  becomes 
more  or  less  pigmented.  Among  the  natives  in  certain  endemic  areas 
it  is  the  custom  to  cauterize  or  otherwise  roughly  attempt  to  destroy  the 
primary  sore.  As  a  result  of  these  crude  methods,  ugly  and,  deep  wounds 
are  inflicted,  and  in  their  healing  more  or  less  deformity  may  result.  In 
some  instances  there  is  marked  pruritus  around  the  primary  sore,  and 
this  leads  to  auto-inoculation  as  a  result  of  scratching,  in  consequence 
of  which  there  may  be  a  bunch  of  papules,  but,  as  a  rule,  these  coalesce, 
forming  a  single  large  one. 

The  second  or  granulomatous  stage  usually  comes  into  evidence  about 
two  weeks  after  the  disappearance  of  the  primary  lesion,  although  the 
latter  may  continue  during  the  secondary  stage.  In  a  typical  case, 
about  two  weeks  after  the  primary  sore  has  healed,  secondary  symptoms, 
marked  by  an  irregular  fever,  and  accompanied  by  muscular  and  artic- 
ular pains  make  themselves  manifest.  There  is  a  daily  rigor,  followed 
by  elevation  of  temperature,  but  not  by  sweating,  as  is  the  case  in  ma- 
laria. These  general  disturbances  are  accompanied  by  visible  evidences 
of  changes  in  the  skin,  which  becomes  dry,  harsh,  and  furfuraceous. 
Concerning  the  general  eruption  of  the  secondary  stage.  Rat  makes  the 
following  statement: 

''On  its  first  appearance,  in  a  typical  case,  such  as  is  often  seen  in  a  healthy  child 
in  Africa,  the  secondary  eruption  is  not  unlike  lichen  tropicus,  the  patient  being  cov- 
ered from  head  to  foot  with  minute  red  spots,  and  the  skin  presenting  the  appearance 
of  having  been  irritated  by  long  continued  excessive  laerspiration.  The  rash  begins  on 
the  head  and  develops  from  above  downwards.  The  scalp  is  very  slightly  affected.  At 
the  end  of  the  third  day,  the  body  is  completely  covered  with  the  red  spots.  From 
their  first  appearance,  the  spots  have  been  becoming  more  prominent,  and  about  the 
fourth  day,  some  of  those  over  the  head  and  face  are  sufficiently  large  to  be  described 
as  conical  papules,  while  those  on  the  body  and  limbs  attain  similar  proportions  during 
the  fiith  and  sixth  days.  The  greater  portion  of  the  rash  begins  to  fade  after  the 
tliird  day,  only  a  comparatively  small  number  of  the  red  spots  developing  into  papules. 
The  percentage  of  those  which  become  papules  varies  considerably;  and  their  number 
depends  on  the  patient's  previous  and  actual  physical  and  mental  condition  and  sur- 
roundings. Debility  or  a  concomitant  constitutional  disease  may  interfere  with  the 
proper  development  of  the  eruption,  which  may  also  be  retarded  or  almost  entirely 
suppressed  by  exposure  to  cold  or  mental  shock.  On  the  seventh  day  from  the  first 
appearance  of  the  secondary  eruption,  the  apical  third  of  the  papule  begins  to  acquire 
a  pale  yellow  tint.  This  change  is  first  seen  in  the  papules  on  the  head  and  proceeds 
downwards,  becoming  general  and  complete  at  the  end  of  the  ninth  day.  The  altera- 
tion in  color  is  not  due  to  the  i^resence  of  lymph  or  j^us,  but  to  a  substance  apparently 
in  no  Avay  different  from  the  inspissated  secretion  of  the  sebaceous  follicles.  The 
appearance  thus  produced  on  a  black  skin  is  very   singular,  and   gives  the  idea  of  a 
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number  of  minute  pieces  of  yellow  wax,  about  the  size  of  a  small  pin 's  head,  having  been 
stuck  on,  at  intervals,  over  the  patient 's  body.  The  next  step  in  the  progress  of  the  erup- 
tion is  the  development  of  the  papules  into  tubercles.  The  papule  gradually  expands  and 
assumes  a  cylindrical  shape.  The  pale  yellow  substance  at  the  upper  third,  enlaxges 
also  in  proportion,  becomes  dome-shaped,  and  gradually  thickens  until  it  assumes  the 
appearance  of  a  thick  yellow  crust,  like  that  of  eczema.  An  average  tubercle  when  fully 
developed,  measures  a  quarter  of  an  inch  in  diameter  and  an  eighth  of  an  inch  in 
height.  When  the  crust  is  removed  from  its  summit,  a  mass  of  granulation  tissue  is 
seen  covered  with  a  creamy  secretion.  It  was  to  allow  of  the  passage  of  this  granula- 
tion tissue  that  the  papule  expanded  in  the  way  above  described.  The  crust  is  formed 
by  inspissation  of  the  creamy  secretion  Avhich  adheres,  as  it  thickens,  to  the  sides  and 
undersurface  of  the  pale  yellow  substance  at  the  apex  of  the  papule.  Whenever  re- 
moved, the  crust  is  reformed  by  this  secretion  from  the  granulation  tissue  of  the 
tubercle;  and,  when  the  discharge  is  abundant,  the  excess  exudes  as  a  pale  yellow  fluid 
from  beneath  the  crust." 

While  the  above  is  an  accurate  description  of  the  development  of  the 
secondary  stage  in  a  typical  case  of  yaws,  there  are  many  variations ; 
the  tubercles  varying  greatly  in  number,  in  size,  in  depth  of  penetration, 
and  in  the  resulting  destruction  of  tissue.  This  is  to  some  extent  de- 
pendent upon  the  location  of  the  tubercles.  When  they  appear  in  the 
palms  of  the  hands  or  on  the  soles  of  the  feet,  the  callous  tissue  covering 
the  ulcers  offers  great  resistance  to  penetration ;  consequently,  the  ulcer- 
ative processes  continue  to  extend  subcutaneously,  resulting  in  wide  and 
deep  destruction  of  tissue.  A  single  ulcer  on  the  sole  of  the  foot  may 
form  a  deep  cavern  covering  a  large  area  before  the  callous  skin  cracks, 
breaks,  and  permits  the  escape  of  the  products  of  ulceration.  Ulcers 
may  form  under  the  nails,  leading  to  degenerative  changes  in  these  tis- 
sues, and  occasionally  in  their  complete  destruction.  Ulcers  between 
the  toes  and  fingers  are  likely  to  harbor  streptococcic  guests  and  these 
aid  in  the  destruction  of  tissue  and  modify  the  ulcerative  processes. 
Cases  of  this  kind  may  give  off  a  fetid,  disgusting  odor,  which,  however, 
may  be  arrested  by  treatment  of  the  ulcers  with  proper  germicidal 
agents  which  kill  the  streptococcic  invaders  but  have  no  effect  upon  the 
specific  virus  of  yaws.  In  some  instances  instead  of  a  single  crop  of 
tubercles,  successive  eruptions  may  come  and  go.  While  those  on  one 
part  of  the  body  may  be  healing  and  disappearing,  a  new  crop  may  occur 
somewhere  else.  It  is  an  interesting  observation  that  an  intercurrent 
exanthematous  disease,  such  as  variola  or  measles,  may  for  the  time 
being  check  the  development  of  the  eruption  of  yaws,  but  when  the  inter- 
current disease  has  passed,  the  manifestations  of  the  yaws  infection  pro- 
ceed in  their  natural  way;  on  the  other  hand,  there  are  certain  diseases, 
especially  tuberculosis  and  syphilis,  which  greatly  intensify  the  effects 
of  the  yaws  eruption  and  prolong  its  continuance.  Poor  food,  over- 
crowding, and  filthy  surroundings  have  a  like  effect.  The  nor- 
mal end  of  the  granulomatous  eruptions  in  yaws  is  brought  about  by 
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interstitial  absorption,  and  this  usually  requires  about  six  Aveeks,  though 
a  much  longer  time  may  be  necessary.  The  secondary  lesions  rarely 
extend  to  the  mucous  membranes,  although  a  granulomatous  ulcer  oc- 
casionally appears  in  the  nose.  There  is  in  certain  of  the  West  Indies, 
in  Guam,  in  the  Caroline  and  Fiji  Islands,  a  severe  ulcerous  disease, 
which  generally  begins  on  the  soft  palate,  spreads  to  adjacent  parts,  and 
is  destructive  to  all  tissues,  including  cartilage  and  bone.  This  disease 
is  known  as  gangosa  and  it  has  been  variously  classified  as  leprosy, 
syphilis,,  tuberculosis,  and  yaws.  The  weight  of  opinion,  however,  is 
that  it  is  a  disease  sui  generis.  The  blood  serum  in  this,  as  well  as  in 
yaws  and  in  trypanosomiasis,  gives  a  positive  Wassermann  reaction. 
If  it  be  a  form  of  yaws  it  belongs  to  the  tertiary  rather  than  to  the 
secondary  stage. 

In  severe  forms  of  the  granulomatous  eruption  in  yaws,  muscular  tis- 
sue may  suffer  more  or  less  from  the  ulcerative  process  and  there  may  be 
resulting  contractures;  indeed,  the  granulomatous  ulcer  may  penetrate 
the  periosteum,  and  in  rare  instances  the  bony  tissue  may  be  involved. 

While  many  cases  of  yaws  terminate  favorably  with  the  close  of  the 
secondary  stage,  there  are  patients  with  this  disease,  especially  those 
suffering  from  any  constitutional  debility  or  in  the  absence  of  proper 
food,  in  whom  the  disease  process  extends  to  the  tertiary  stage,  thus 
making  more  marked  the  similarity  between  this  disease  and  syphilis. 
Of  the  tertiary  stage,  Eat  writes: 

"The  most  characteristic  ulcers  of  this  period  are  those  originating  in  dome-shaped 
subcutaneous  nodules,  which  are  similar  in  appearance  to  the  gummata  of  syphilis,  and 
vary  from  a  quarter  of  an  inch  to  an  inch  in  diameter.  These  are  generally  situated 
over  the  instep  and  about  the  ankle  and  most  commonly  over  the  external  malleolus, 
though  they  may  be  met  with  over  any  part  of  the  leg  below  the  knee.  They  also  oc- 
casionally occur  on  the  upper  limb,  in  situations  corresponding  to  their  usual  sites  on 
the  lower  one.  *  *  *  They  resemble  cysts  in  outward  appearance,  but  they  are 
found  on  manipulation  to  be  less  circumscribed  and  movable  and  more  intimately  con- 
nected with  the  surrounding  tissues.  Though  not  as  firm  as  a  fibrous  tumor,  they  are 
not  doughy  like  a  lipoma,  but  convey  to  the  touch  the  impression  which  might  be  ex- 
pected from  a  subcutaneous  mass  of  granulation  tissue  firmly  and  broadly  based  upon 
the  deeper  tissues.  They  are  perfectly  painless  before  they  ulcerate,  and  they  may 
remain  unchanged  for  a  period  varying  from  a  month  to  a  year  or  more.  At  the  end 
of  an  uncertain  time,  the  skin  over  the  nodule  becomes  red  and  tender,  softens  and 
ulcerates  from  the  center  towards  the  circumference,  the  granulation  tissue  beneath 
being  thus  gradually  revealed.  The  latter  is  then  seen  undergoing  a  softening  process 
and  discharging  a  fluid  similar  in  all  respects  to  blood-stained  serum.  By  the  disinte- 
gration of  the  nodule,  a  clean  ulcer,  of  the  same  diameter  as  the  latter  and  about 
half  an  inch  in  depth,  is  produced,  with  a  granulating  base  and  perpendicular  or  under- 
mined edges.  Such  an  ulcer  generally  lasts  from  three  to  four  months,  but  may  persist 
for  a  year  or  more  or  may  become  chronic  and  incurable.  Healing  proceeds  from  the 
circumference  towards  the  center,  the  edges  subsiding  and  contracting  and  finally  uniting 
and  bridging  over  the  cavity  formed  by  the  destruction  of  the  nodule.     Over  the  de- 


686  EPIDEMIOLOGY 

pression  thus  left  the  epidermis  perishes,  while,  beueath  it,  fresh  tissue  grows  towards 
the  surface  and  raises  the  skin  to  its  former  level.  The  scar  left  is  smaJl  compared 
with  the  size  of  the  nodule  and  is  very  slightly  lighter  in  color  than  the  surrounding 
skin. ' ' 

In  the  tertiary  stage  the  lesions  may  involve  not  only  the  cutaneous 
tissue,  but  mucous  membranes,  the  muscles,  and  the  bones.  Whether 
the  central  nervous  system  becomes  involved  in  the  tertiary  stage  is  a 
matter  not  definitely  settled.    Castellani  and  Chalmers  say: 

' '  Tertiary  affections  of  the  internal  organs  and  of  the  central  nervous  system  seem 
to  be  rare. ' ' 

History. — The  early  history  of  framboesia  is  obscure.  We  have  else- 
where referred  to  the  fact  that  the  disease  described  by  the  writers  of 
the  Old  Testament  under  the  name  of  leprosy,  probably  included  many 
disfiguring  and  unsightly  cutaneous  sores.  In  his  medical  essays,  written 
in  1744,  Hume,  of  Edinburgh,  argues  that  the  disease  which  afflicted  the 
Hebrew  children  and  which  is  described  in  the  thirteenth  chapter  of 
Leviticus,  may  have  been  yaws.  Later  this  idea  was  supported  by 
Adams  in  his  '' Observations  on  Morbid  Poisons."  Arabian  writers  of 
the  ninth  and  tenth  centuries,  especially  Abbas  and  Avicenna,  wrote  of 
a  disease  under  the  name  of  ''safat"  or  ''sahafati, "  which  may  have 
been  either  syphilis  or  yaws.  That  it  was  the  latter  is  believed  by  Hil- 
lary, who  studied  yaws  in  the  West  Indies  during  the  eighteenth  cen- 
tury and  called  attention  to  its  resemblance  to  the  Arabian  leprosy  dis- 
cussed hj  the  writers  mentioned  above.  More  definite  information 
begins  after  the  discovery  of  America.  In  his  work  on  the  General  and 
Natural  History  of  the  Indies,  first  published  in  1526,  Oviedo  y  Yaldez 
reported  his  observations  among  the  natives  of  San  Domingo  and  gives 
an  account  of  a  disease  which  could  hardly  have  been  any  other  than 
yaws.  This  authority  states  that  the  disease  was  known  under  the 
Spanish  name  of  "bubas,"  which  from  that  time  down  to  the  present 
has  been  used  iii  South  America,  and  especially  in  Brazil,  to  designate 
cutaneous  sores  and  includes  yaws,  cutaneous  leishmaniasis,  and  possibly 
other  diseases.  In  his  work  on  the  diseases  of  Brazil  (1648)  Pison  de- 
scribed the  same  disease  and  in  1658  Rocheford,  in  his  Natural  and 
Moral  History  of  the  Antilles  of  America,  makes  the  following  statement : 

"The  bad  food,  consisting  of  crabs  and  other  insects  on  which  the  Caribs  live  is 
the  reason  why  they  are  almost  all  subject  to  a  serious  complaint  which  they  call  pyans 
in  their  language,  as  the  French  are  to  the  smallpox. ' ' 

In  1665  Breton  spoke  as  follows  of  a  disease  known  to  the  Caribs  by 
the  name  ''yaya" : 

''This  is  an  indigenous  disease  which  prevails  as  commonly  in  the  Islands  as  the 
great  pox  in  France  and  of  which  the  savages  cure  themselves  without  trouble  and 
risk.     *     *     *     It  is  but  slightly  dangerous,  though  very  common  amongst  them." 
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In  his  book  entitled,  ''New  Voyages  to  the  Islands  of  America"  (1694) 
Labat  says: 

"The  Caribs  are  very  subject  to  I'espian.  It  must  be  confessed  that  this  disease 
is  peculiar  to  America  and  that  it  is  indigenous  there;  all  -who  are  bom  there,  blacks 
or  Caribs,  of  whatever  sex  they  may  be,  are  attacked  by  it  almost  at  birth,  though  their 
fathers,  their  mothers,  and  their  nurses  may  be  quite  healthy,  or  at  least  may  appear 
so." 

It  was  believed  for  a  while  that  this  disease  is  confined  to  the  West- 
ern Hemisphere,  but  in  1718  Bontius  called  attention  to  the  fact  that  it 
was  widely  distributed  and  indigenous  in  the  Dutch  East  Indies.  Labat 
was  the  first  author  to  call  attention  to  the  close  resemblance  between 
and  the  possible  identity  of  yaws  and  syphilis,  and  suggested  that  the 
disease  "which  apparently  originated  among  Spanish  soldiers  and  soon 
spread  throughout  the  armies  in  Naples  in  1493'  and  then  widely  scat- 
tered through  Europe  and  which  is  believed  to  have  been  syphilis,  might 
have  been  yaws.  We  shall  discuss  the  nature  of  the  Neapolitan  disease 
in  the  chapter  on  venereal  diseases. 

There  is  evidence  that  a  disease  or  diseases  resembling  yaws  have 
appeared  in  epidemic  form  even  in  northern  Europe  and  in  Canada  in 
the  past.  About  the  end  of  the  seventeenth  century  an  eruptive  disease, 
the  lesions  of  which  had  a  resemblance  to  raspberries,  and  known  as 
sibbens  or  swins  from  the  word  "swin"  (Celtic  for  raspberry)  appeared 
in  the  west  of  Scotland,  having  been  brought  as  was  believed,  according 
to  Rat,  by  Cromwell's  soldiers,  or,  according  to  Castellani  and  Chalmers, 
b}^  sailors  on  a  vessel  from  the  West  Indies  wrecked  on  the  Scottish 
Coast.  A  little  later  a  similar  disease,  known  as  ''button  scurvy,"  ap- 
peared in  Ireland  and  served  as  a  basis  for  numerous  articles  by  Irish 
physicians.  Hirsch  gives  the  following  description  of  the  clinical  char- 
acteristics of  button  scurvy: 

"Having  been  usually  preceded  for  a  longer  or  shorter  period  by  an  intense  itching 
of  the  skin,  coming  on  particularly  at  night,  the  disease  is  ushered  in  by  aai  outbreak 
of  small  round  spots,  which  gradually  raise  themselves  above  the  skin  and  grow  into 
tumors  in  size  from  a  pea  to  a  nut.  The  color  of  these  tumors  is  at  first  daa'k  red  but 
becomes  paler,  the  epidermis  over  them  becoming  at  the  same  time  thinner  and  thinner, 
and  finally  disappearing  altogether;  a  granulating  surface  noAV  protrades  and  secretes 
a  serous  fluid,  which  becomes  a  dry  crust  on  the  summit  of  the  tumor,  and  is  quickly 
reproduced  if  it  be  taken  off.  The  excrescence  is  elastic  to  the  feel,  and  somewliat 
painful  on  pressure;  the  skin  ai'ound  it  shows  no  kind  of  morbid  alteration.  The 
number  of  such  nodules  in  the  same  person  varies  from  one  to  fifty,  or  even  more.  The 
favorite  seats  of  the  exanthem  are  the  palms  of  the  hands,  and  the  inner  sides  of  the 
thighs  and  arms,  more  rarely  the  liairy  scalp,  and  sometimes  even  the  scrotum  and 
perineum,  where  it  might  be  very  easily  mistaken  for  condylomata.  Wlien  the  tumors 
have  lasted  sometime  they  begin  to  slirivel,  the  scabs  fall  off,  and  disclose  a  red  spot, 
which  shortly  assumes  the  normal  color  of  the  skin.  Only  in  the  event  of  suppurative 
disintegration  of  the  tumors,  which  seems  to  be  on  the  whole  rare,  is  there  a  cicatrix 
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formed  iu  the  skin.  The  duration  of  the  malady  is  usually  many  mouths,  and  it  ap- 
pears to  depend  as  much  upon  the  long  persistence  of  individual  nodules  as  upon  re- 
currences. It  is  only  the  exhaustion  following  a  very  copiously  developed  exanthem  or 
one  of  long  persistence  that  makes  button  scurvy  dangerous  to  the  health  or  life;  in 
the  gi'eat  majority  of  cases  the  general  vrell-being  appears  to  have  been  in  no  vrise 
affected,  and  symptoms  of  constitutional  disturbance  were  never  observed.  Concerning 
the  anatomical  structure  of  the  tumors  Wade,  Corrigan,  and  Kelly  agree  in  saying 
that  they  should  be  considered  as  hypertrophic  growths  of  the  papillae  of  the  corium. " 

For  some  years  button  scurvy  prevailed  in  true  endemic  form  in  the 
southern  counties  of  Ireland,  and  its  infectious  nature  seems  to  have 
been  well  recognized.  It  was  believed  to  be  disseminated  by  contact, 
and  clothing  worn  by  infected  ]3ersons  was  regarded  as  a  dangerous  car- 
rier of  the  infection.  Wallace  found  it  frequent  among  those  who  han- 
dled clothing  either  in  laundry  work  or  in  traffic  in  these  articles.  Kelly 
observed  it  most  frequently  among  those  engaged  in  caring  for  flocks 
of  sheep  infected  with  scabs,  and  came  to  the  conclusion  that  the  disease 
was  transmitted  from  sheep  to  man. 

Early  in  the  eighteenth  century  a  similar  disease  appeared  in  Sweden 
and  Norway  and  thence  spread  eastward  to  Finland  and  southward  to 
Denmark  and  Holstein.  This  disease  was  known  under  the  Scandinavian 
name  of  ''radesyge"  and  was  described  by  Sorrensen  as  follows: 

"Pains  in  the  head  and  limbs,  especially  during  the  night;  herpetic  eruptions  on 
the  forehead,  chest,  shoulders,  and  arms;  slight  inflammation  of  the  throat.  The 
herpetic  eruption  becomes  more  extensive,  and  acquires  a  raised  margin.  It  shows 
itself  on  the  face,  in  patches,  at  first  superficial,  which  gradually  become  deeper;  sub- 
cutaneous tubercles  are  formed,  which  pass  into  a  state  of  inflammation  and  suppura- 
tion. The  inflammation  of  the  throat  increases;  there  is  ulceration  of  the  uvula  and 
tonsils,  which  extends  to  the  pharynx;  similar  ulcers  appear  in  the  region  of  the  palate; 
the  palate  bones  are  attacked  and  destroyed.  On  the  limbs  appear  ulcerations  with 
dark  red  edges,  sometimes  covered  with  a  thick  dry  crust.  On  the  genitals,  anus,  and 
perineum  are  developed  condylomata  and  excrescences  which  extend  to  the  thighs.  The 
disease  attacks  the  septum  of  the  nose,  which  ulcerates  and  becomes  perforated;  there 
is  caries  of  the  osseous  system,  especially  of  the  bones  of  the  nose,  the  long  bones,  and 
the  frontal  bones;  tophus  and  exostoses  are  observed,  which  soon  change  to  caries. 
The  primary  cause  of  the  disease  is  unknown;  all  that  is  known  is  that  a  contagnim 
is  developed  wMch  is  communicable  by  means  of  the  saliva,  the  perspiration  and  ichor, 
knives,  spoons,  and  clothes,  as  well  as  by  contact.  Mercury  is  the  first  and  most 
important  of  aU  the  remedies  for  it." 

In  1710  there  was  an  epidemic  of  a  similar  disease  on  the  shores  of 
Lake  Huron,  which,  under  the  name  "mal  de  chicot, "  spread  among 
the  halfbreeds  and  Indians.  In  all  these  localities  these  eruptive  epi- 
demics prevailed  for  a  few  years — in  some  places  only  for  a  few  months, 
and  then  disappeared.  It  Avill  probably  be  impossible  to  ever  determine 
their  nature,  but  it  is  not  at  all  likely  that  they  were  due  to  the  specific 
microorganism  which  we  now  know  as  the  cause  of  framboesia. 

Lancereaux  has  the  following  to  say  concerning  the  Canadian  epidemic: 
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"This  disease,  wliicli  made  rapid  and  extensive  progress  amongst  the  Canadians  in 
a  few  years,  began  to  show  itself  in  1760  amongst  the  natives  of  the  banks  of  Lake 
Huron.  In  1780  it  appeared  amongst  the  inhabitants  of  the  sliores  of  St.  Paul's  Bay, 
and  in  a  few  years  spread  over  a  great  pai't  of  Canada,  committed  great  ravages 
amongst  sonle  of  the  Indian  tribes,  and  chiefly  amongst  the  Ottawa  Indians.  In  1785, 
5,800  individuals  were  known  to  be  suffering  from  this  disease  in  Canada,  without 
counting  those  who  did  not  give  notice  of  their  being  affected  j  it  was  still  unknown  at 
that  time,  however,  to  all  the  neighboring  Indians.  It  commenced,  according  to 
Swediaur,  by  small  pustules  on  the  lips,  the  tongue,  the  interior  of  the  mouth,  and 
more  rarely  on  the  genital  organs.  These  pustules,  which  at  first  resembled  small 
aphthae,  filled  with  a  whitish  puriform  fluid,  were  so  many  germs  of  transmission.  The 
matter  contained  in  them  was  so  virulent,  that  it  infected  those  who  ate  with  the  same 
spoons,  or  drank  from  the  same  vessels,  or  smoked  the  same  pipes.  It  was  even  ob- 
served to  be  communicated  by  the  bed-linen,  clothes,  etc.  The  disease  was  afterwards 
characterized  by  considerable  deposits  (tubercles),  nocturnal  pains  in  the  bones,  ulcers 
of  the  mouth  and  throat,  complicated  affections  of  the  glajids,  sometimes  suppurating, 
most  frequently  hard  and  indolent.  Finally,  the  bones  of  the  nose,  the  palate,  the 
cranium,  etc.,  became  carious;  the  hair  fell  off,  pains  in  the  chest,  cough,  loss  of  ap- 
petite, etc.,  supervened,  which  announced  the  approach  of  death.  Both  sexes  and  all 
ages  were  equally  liable  to  the  disease;  children  suffered  in  great  numbers." 

In  1578  a  pustular  disease  appeared  among  tlie  inhabitants  of  Briinn 
in  Moravia,  which  is  described  by  Jordan  as  follows: 

"Tliis  epidemic,  without  being  very  fatal,  was  accompanied  by  most  alarming- 
symptoms.  In  less  than  two  or  three  months,  180  persons  were  attacked  by  it  in  the 
town  or  suburbs,  and  many  of  the  country  people  were  equally  affected.  The  cause  of 
it  was  attributed  to  the  waters  of  the  baths,  the  inhabitants  being  in  the  habit  of 
bathing  on  a  certain  day  and  of  having  blood  drawn  by  cupping,  and  it  was  believed 
to  have  commenced  on  Saint  Luce's  Day,  a  festival  celebrated  with  pomp  in  the  town. 
Those  who  had  bathed  ajid  been  cupped  on  that  day  were  observed  to  have  contracted  it. 
It  did  not  become  developed,  however,  until  one  or  two  weeks,  or  even  a  month,  after 
that  period.  The  Senate  caused  the  batliing  establishment  to  be  closed,  and  the  disease, 
which  had  become  mitigated  during  the  winter,  disappeared  towards  the  vernal  equinox. 
After  a  certain  period  of  unusual  lassitude,  inflammation  and  sanious  ulcers  appeared 
on  the  places  where  the  cupping-glasses  had  been  applied.  It  was  a  singular  circum- 
stance that,  notwithstanding  the  great  number  of  cupping-glasses  applied,  one  or  two 
only  became  the  seat  of  ulcerations.  In  some,  the  whole  body  was  afterwards  covered 
with  pustules,  which  rendered  the  face  deformed  and  horrible.  During  the  progress  of 
the  disease,  callosities  supervened  upon  the  head,  which,  on  bursting,  discharged  a 
viscous  fluid,  like  turpentine.  Severe  pains  were  then  felt  in  the  arms,  shoulders,  lower 
extremities,  and  especially  in  the  tibiae,  where  those  bones  are  covered  by  periosteum 
only.  The  pains  increased  a,t  night  and  diminished  in  the  morning.  Next  followed 
prostration  of  strength,  stupidity,  and  even  mental  aberration.  A  fetid  discharge 
flowed  from  the  nostrils,  the  appetite  was  lost,  and  the  patients  wished  for  solitude. 
Bitters,  decoction  of  guaiacum,  and  turbith  mineral  were  the  chief  remedies  employed; 
the  ulcers  were  dressed  with  mercurial  ointment. ' ' 

In  1718  Bontius  described  an  epidemic  disease  which  prevailed  at 
that  time  on  the  Island  of  Amboyna.  It  is  stated  that  this  disease 
resembled  syphilis,  but  was  transmitted  quite  independently  of  sexual 
intercourse.    It  is  now  certain  that  this  was  yaws. 
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Boyer  has  described  an  epidemic  which  occurred  in  Saint  Euphemia 
in  1727.  It  seems  that  a  midwife  had  on  her  index  finger  of  the  right 
hand  a  pustule  which  caused  considerable  itching.  This  infection  was 
transmitted  to  the  children  of  more  than  fifty  women  whom  "she  deliv- 
ered or  examined.  A  surgeon  found  on  the  vulva  of  several  of  these 
women  ulcers  of  the  same  nature.  In  the  meantime,  the  disease  spread 
to  the  children  whom  their  mothers  were  suckling  and  to  the  husbands 
to  such  an  extent  that  in  four  months  more  than  eighty  persons  were 
found  to  be  infected.  The  bodies  of  those  affected  became  covered  with 
pustules  and  ulcers,  which  Avere  believed  to  resemble  the  conditions 
characteristic  of  the  epidemic  of  syphilis  in  the  latter  part  of  the  fifteenth 
and  the  early  part  of  the  sixteenth  centuries  in  Europe. 

A  similar  epidemic  was  reported  by  Raulin  as  occurring  in  Nerac  (a 
town  in  southwestern  France)  in  1751.  Apparently,  this  epidemic  orig- 
inated from  a  wet  nurse.  Other  nurses  became  affected  and  within  a 
year,  more  than  forty  women  and  children,  besides  several  men,  were 
afflicted  with  this  disease. 

In  1786  Falcado  reported  an  epidemic  in  several  villages  in  Tyrol, 
where  it  continued  for  some  years  and  did  not  entirely  disappear  until 
1814.  It  was  believed  that  the  disease  was  imported  by  a  beggar- 
woman  suffering  from  venereal  itch,  warts,  and  ulcers  on  the  genitals. 
This  distemper  was  found  to  be  amenable  to  mercurial  treatment. 

In  1800  Grobnick  and  others  reported  the  existence  in  villages  near 
Fiume  of  a  disease  which  was  characterized  by  malignant  pustules  on 
the  face  and  other  parts  of  the  body,  leading  to  caries  of  the  bones,  de- 
struction of  the  tongue  and  ears,  and  ulceration  of  the  genital  organs. 
It  was  believed  that  this  disease  was  brought  in  1790  to  Scherlievo,  a 
village  a  few  miles  from  Fiume,  by  four  sailors  who  came  with  women 
from  the  banks  of  the  Danube  after  the  war  against  the  Turks. 

In  the  early  part  of  the  nineteenth  century  an  epidemic  disease,  ac- 
companied by  pustular  eruptions,  with  tubercles  about  the  anus  and 
genitals,  was  reported  in  several  villages  in  southern  France,  especially 
in  Haute-Saone. 

Lancereaux,  in  our  opinion  upon  insufficient  evidence,  cites  the  above 
local  epidemics  as  illustrations  of  epidemic  syphilis  corresponding,  on 
a  small  scale,  with  the  great  epidemic  of  this  disease  which  appeared 
simultaneously  with  the  invasion  of  Italy  by  Charles  VIII  of  France 
in  1494. 

While  there  seems  to  be  no  doubt  that  framboesia  existed  in  at  least 
some  of  the  West  Indian  Islands  at  the  time  of  their  discovery  by 
Columbus,  it  is  also  quite  certain  that  it  existed  in  Africa  at  the  same 
time,  that  the  negroes  imported  from  Africa  into  the  West  Indies  and 
into  parts  of  North  and  South  America  were  infected  with  this  disease 
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in  tlieir  native  land,  suffered  from  it  during  tlieir  voyages,  continued 
to  bear  the  infection,  and  disseminated  it  in  tlieir  homes  in  the  new 
world.  On  the  plantations  on  the  British  West  Indian  Islands,  so  long 
as  slavery  existed  in  these,  yaws  was  recognized  as  an  ever-present  and 
an  infectious  disease.  In  some  of  these  localities,  yaws  houses  or  places 
for  the  segregation  of  the  bearers  of  this  disease  were  provided  for  on 
nearly  eYery  estate.  Through  this  means  it  was  claimed  that  on  certain 
islands,  notably  Barbados  and  Antigua,  the  disease  was  completely  erad- 
icated. When  slavery  was  abolished  in  the  British  West  Indies  (1838) 
this  agency  in  the  restriction  of  the  disease  was  discontinued  and  in 
some  localities  at  least,  the  disease  became  widely  scattered.  The  result 
was  an  alarming  increase  in  its  j)revalence  in  most  of  the  islands,  and 
it  again  became  the  custom  to  provide  yaws  houses.  These,  however, 
have  not  proved  so  et^ective  as  they  did  before  emancipation,  on  account 
of  the  greater  difficulty  met  with  in  the  early  detection  and  prompt 
isolation  of  the  cases. 

In  1848  Paulet  inoculated  14  negroes  with  material  taken  from  granu- 
lomatous ulcers  and  developed  yaws  in  all,  after  an  incubation  period 
Avhich  varied  from  12  to  20  days.  In  10  of  these  cases  the  initial  sore 
was  at  the  point  of  inoculation,  while  in  others  it  was  elsewhere.  In 
1882  Charlouis,  a  Dutch  physician  in  the  East  Indies,  made  a  large 
number  of  inoculation  experiments,  from  which  he  deduced  the  follow- 
ing conclusions : 

"  (1)  Framboesia  is  a  contagious  disease;  (2)  it  is  both  auto-  and  hetero-inoculable; 
(3)  it  may  attack  the  sajne  person  more  than  once;  (4)  patients  with  framboesia,  who 
are  inoculated  with  material  from  themselves  or  others,  develop,  at  the  seat  of  inocu- 
lation, either  an  ulcer  (resembling-  an  ulcus  molle)  or  a  fungating  tubercle;  ajid  that 
on  the  other  hand  such  inoculations  do  not  exert  the  slightest  influence  upon  the  pre- 
existent  disease;  (5)  both  the  secretion  and  blood  from  a  tubercle  are  infectious,  and 
the  results  of  inoculation  with  both  are  identical;  (6)  the  virus  is  a  fixed  contagium 
and  infection  can  therefore  only  result  from  actual  contact;  (7)  the  products  obtained 
from  tubercles  in  the  stage  of  aggravation  and  of  full  development  are  infective;  and 
as  soon  as  they  begin  to  dry  up  infection  is  no  longer  possible;  (8)  the  period  of  incu- 
bation may  last  from  three  to  five  months;  (9)  fever,  accompanied  by  gastric  disturb- 
ance, and  pain  in  the  bones  precedes  the  eruption  and  may  be  concurrent  with  it  for  a 
time;  (10)  if  the  framboesia  be  not  of  long  standing  the  spot  by  wliich  the  virus 
entered  the  body  can  usually  be  approximately  determined,  since  glands  corresponding 
to  this  situation  are  specially  enlarged. ' ' 

The  same  investigator  pointed  out  the  clinical  resemblances  and  dif- 
ferences between  framboesia  and  syphilis  and  settled  positively  the 
question  of  the  identitj^  or  nonidentity  of  these  diseases  by  showing,  in 
the  first  place,  that  framboesia  is  auto-inoculable,  while  syphilis  is  not, 
and  in  the  second  place,  having  syphilis  does  not  protect  from  fram- 
boesia, and  having  framboesia  does  not  protect  from  syphilis. 
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It  is  worthy  of  note  at  this  place  that  the  question  of  auto-infection 
in  yaws  has  not  been  settled  with  entire  and  clear-cut  satisfaction.  As 
we  have  just  stated,  Charlouis  reported  this  disease  as  auto-inoculable. 
On  this  point  Eat  wrote  in  1891,  as  follows: 

'•'The  question  of  auto-iufectioii  is  an  important  one,  inasmuch  as  it  would  afford 
plausible  explanation  of  the  dissemination  of  the  disease  over  the  rest  of  the  body  from 
a  single  infected  spot,  as  has  been  suggested  by  Leloir  and  Vidal  in  the  case  of  Delhi 
boil.  B'ut  my  experience  leads  me  to  believe  that  auto-infection  seldom,  if  ever,  occurs 
in  yaws.  All  the  attempts  which  I  have  made  to  inoculate  a  patient  with  yaws  virus 
from  tubercles  on  his  own  body  or  from  more  recent  or  more  advanced  cases,  have 
failed;  nor  have  I  ever  known  a  case  in  which  an  eruption  has  been  caused  by  virus 
conveyed  by  the  patient  himself  from  one  part  of  the  body  to  another.  There  are 
many  instances  where  only  one  tubercle  has  developed  and  has  persisted  for  months 
in  careless  and  uncleanly  patients,  without  any  subsequent  extension  of  the  skin  lesions. 
A  tubercle  frequently  develops  on  the  skin  near  the  margin  of  the  anus,  and  persists, 
as  a  result  of  constant  irritation,  long  after  the  other  tubercles  have  disappeared;  but 
it  never  produces  another  on  the  opposite  spot  with  which  it  is  constantly  in  contact. 
To  test  whether  an  abrasion  under  these  circumstances  would  induce  infection,  I  have 
excoriated  the  skin  on  the  opposite  side,  but,  even  then  no  tubercle  was  produced  at 
the  site  of  abrasion.  It  is  certainly  not  by  auto-infection  that  the  development  of  yaws 
tubercles  under  the  thickened  epidermis  of  the  palms  and  soles  of  the  negro  can  be 
explained.  It  is  possible  that  auto-infection  may  occur  during  the  early  period  of  the 
primary  yaws  lesion;  but  persistent  unilateral  tubercles  of  the  buttocks  are  found  so 
frequently  that  one  cannot  but  conclude  that  auto-infection  is  not  a  consequence  of 
contact  with  the  secondary  yaws  tubercle.  There  are  doubtless  cases  in  which  two 
tubercles  are  found  on  the  buttocks  exactly  opposite  to  each  other  and  very  suggestive 
of  auto -infection,  but  the  probabilities  in  such  eases  are  that  the  tubercles  arose  inde- 
pendently of  one  another  as  they  often  do  at  the  corners  of  the  mouth. ' ' 

Within  recent  years  numerous  investigators  in  the  East  Indies  and  in 
Ceylon  have  made  many  inoculation  experiments  on  different  species  of 
monkeys.  In  Java,  Neisser,  Halberstadter,  and  Prowazek  found  that 
the  native  monkeys  of  that  region  when  inoculated  with  material  taken 
from  yaws,  pass  through  a  period  of  incubation  which  varies  from  16  to 
92  days,  and  develop  a  primary  sore  at  the  point  of  inoculation.  In  some 
species  there  is  secondary  and  multiple  eruption,  while  in  monkeys  be- 
longing to  the  genus  Macacus  there  is  only  one  sore  and  that  at  the  point 
of  inoculation.  That  the  infection,  however,  is  general  is  shown  by  the 
detection  of  T.  pertenue  in  the  spleen,  in  certain  lymphatic  glands  and 
occasionally  in  other  tissue.  Rather  rarely  it  happens  that  peripheral 
blood  is  successful  in  producing  a  local  lesion,  or  any  other  positive  evi- 
dence of  infection.  The  cerebrospinal  fluid  at  all  stages  of  the  disease 
seems  to  be  free  from  the  infecting  agent  and  attempts  to  inoculate 
animals  with  it  have  always  failed.  Castellani,  in  Ceylon,  has  demon- 
strated that  monkeys  inoculated  with  framboesia  are  not  immune  to 
syphilis  and,  vice  versa,  that  those  inoculated  with  syphilis  are  not 
immune  to  framboesia.     The  experience  of  Levaditi  has  been  somewhat 


PRAMBOESIA  693 

different.  He  reports  that  monkeys  immunized  against  yaws  acquire  no 
immunity  to  syphilis,  but  that  monkeys  immunized  against  syphilis  ac- 
quire a  partial  immunity  against  yaws.  Ashburn  and  Craig,  experi- 
menting upon  Philippine  monkeys,  find  that  these  animals  are  suscepti- 
ble to  framboesia,  but. not  to  syphilis. 

In  1905  Castellani  discovered  in  smears  made  from  the  papules,  T. 
pertenue,  which  is  now  accepted  as  the  specific  cause  of  this  disease  and 
a  description  of  which  will  be  given  later. 

In  1891  Rat,  who  had  had  wide  experience  with  yaws  in  the  West 
Indies,  South  America,  and  Africa,  wrote  a  report  on  this  disease,  which 
contains,  chronologically  arranged,  all  the  literature  up  to  that  time, 
and  which  has  become  the  basic  classical  treatise  on  the  subject. 

As  was  first  shown  by  Nichols,  arsphenamine  is  of  great  value  in  the 
treatment  of  framboesia.  On  this  point  Castellani  and  Chalmers  make 
the  following  statement: 

"The  most  efficacious  and  quickest  treatment  is  by  Ehrlicli-Hata  salvarsau  or  neo- 
salvarsan,  while  potassium  iodid  and  tartar  emetic  are  fairly  efficacious,  and  mercury 
practically  useless.  Salvarsan  and  neosalvarsan  and  their  substitutes  seem  to  act  in 
framboesia  more  quickly  and  more  powerfully  than  in  any  other  spirochetal  and  tre- 
ponemal condition;  in  fact,  in  framboesia  the  tJierapia  sterilisans  magna  in  Ehrlieh's 
meaning,  by  a  single  dose,  can  at  times  be  obtained.  Salvarsan  was  first  tried  with 
good  results  in  experimental  yaws  by  Nichols,  and,  in  patients  suffering  from  the  dis- 
ease, by  Strong  in  the  Philippine  Islands,  and  Castellani  in  Ceylon,  while  Alston  in  the 
West  Indies  made  the  interesting  observation  that  the  serum  of  patients  treated  with 
salvarsan  showed  remarkable  cui'ative  powers  when  injected  in  framboesia  patients. 
Recently  the  salvarsan  treatment  of  fi-amboesia  has  become  general,  having  been  used 
with  very  good  results  by  DeGorge  and  Mouzels,  Sabella,  Born  and  many  others.  The 
salvarsan  treatment  is  especially  efficacious  in  recent  eases.  Relapses,  however,  occa- 
sionally occur.  In  very  old  cases  with  tertiary  lesions  the  treatment  may  fail.  At  the 
present  time  neosalvarsan,  instead  of  salvarsan,  is  generally  used." 

In  closing  the  history  of  framboesia  it  may  be  interesting  to  note  that 
many  of  the  local  designations  of  this  disease  are  used  because  of  the 
resemblance  of  the  eruptions  to  certain  berries,  especially  raspberries 
and  strawberries.  It  was  this  which  led  Sauvages  to  propose  the  name 
framboesia,  from  the  French  word  ''framboise,"  meaning  raspberry. 
In  some  respects  the  selection  of  this  name  has  been  unfortunate.  In 
the  first  place,  every  disease,  the  eruptions  of  which  have  a  real  or  a 
fancied  resemblance  to  raspberries,  has  been  designated  as  framboesia. 
This  has  led  to  the  inclusion  under  this  term,  of  diseases  of  various 
origin,  nature  and  symptoms;  on  the  other  hand,  the  term  is  not  in  all 
cases  applicable  to  the  disease.  On  this  point  Rat  makes  the  following 
statement: 

"The  name  'framboesia,'  manufactured  from  the  French  framhoise,  was  given  by 
Sauvages  in  1761  to  the  disease,  from  the  fancied  resemblance  of  the  tubercle  to  a 
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raspbeny.  It  would  be  difficult,  however,  to  imagine  anything  more  unlike  raspberries 
than  a  crop  of  yaws  tubercles  covered  with  their  thick  yellow  crusts.  In  cases  in  which 
there  is  but  little  anemia  the  tubercle  on  removal  of  its  scab,  is  exactly  like  proud 
flesh  covered  with  a  creamy  fluid,  and  in  these  the  term  'framboesia'  may  be  considered 
appropriate;  but,  as  in  the  majority  of  instances,  there  is  considerable  anemia,  and  in 
all,  the  tubercle  becomes  gradually  paler,  what  is  usually  seen  when  the  scab  is  removed, 
is  a  lump  of  fawn-colored  tissue  which  becomes  lighter  in  color  as  the  disease  advances. 
In  old  standing  eases  the  granulation  tissue  becomes  bloodless  and  white  like  cartilage. 
With  their  yellow  crusts  slightly  raised  above  the  skin,  the  tubercles  are  remarkably 
like  the  tops  of  a  cauliflower  which  has  become  yellow  from  being  kept  in  pickle.  If 
au  eighth  of  an  inch  were  pared  off  the  top  of  a  pickled  cauliflower  and  pieces  of  it  a 
quarter  of  an  inch  in  diameter,  were  stuck  on  a  person's  face  at  distances  of  an  inch 
apart,  a  very  fair  reiJresentation  would  be  obtained  of  a  crop  of  yaws  in  full  bloom. 
Sometimes,  however,  the  crusts  have  a  more  even  surface  than  that  of  a  cauliflower, 
and  resemble  yellow  wax  or  amber. ' ' 

Geographical  Distribution. — Framboesia  is  widely  distributed  tbrougli- 
out  the  tropical  belt  around  the  world.  In  tropical  Africa,  especially 
along  the  coast,  it  is  common,  and  some  of  the  writers  on  the  history  of 
this  disease  would  have  us  believe  that  this  was  its  original  home  and 
that  it  was  transported  from  tropical  Africa  to  the  "West  Indies  when 
the  slave  trade  was  in  existence ;  but  if  it  be  true  that  Oviedo  y  Valdez 
saw  it  in  San  Domingo  before  1526,  it  must  have  been  indigenous  on  that 
Island,  or  at  least  it  could  not  have  been  brought  there  by  slaves  from 
Africa.  It  is  found  throughout  the  Dutch  East  Indies  and  the  Malay 
States.  Again,  it  may  be  stated  that  it  was  not  carried  to  the  East 
Indies  by  the  importation  of  African  slaves,  since  it  was  reported  in 
Java  by  Bontius  as  early  as  1718  and  before  there  had  been  any  such 
imiDortation.  The  truth  seems  to  be  that  framboesia  is  indigenous  alike 
in  tropical  Africa,  in  the  East  and  West  Indies,  and  in  many  islands  in 
the  Pacific.  There  is  some  difference  of  statement  concerning  its  pres- 
ence in  India,  although,  according  to  Powell,  it  is  found  in  Assam. 
Manson  states  that  yaws  is  rare  in  China,  especially  on  the  coast.  In 
the  Fiji  Islands  it  is  so  common  that,  according  to  Daniels,  parents  are 
in  the  habit  of  inoculating  their  children  with  it,  thinking  that  it  is 
inevitable  and  that  it  is  wise  to  select  the  time  the  child  shall  have  it. 
In  Brazil  it  is  common,  but  it  is  difficult  to  make  any  statement  con- 
cerning its  relative  prevalence  in  that  country,  because  it  has  been  con- 
founded with  cutaneous  leishmaniasis  and  with  blastomycosis,  all  these 
eruptions  going  under  the  common  name  of  "boubas"  or  ''bubas."  In 
some  of  the  West  India  Islands,  framboesia  has  prevailed  so  exten- 
sively that  repressive  measures  have  been  resorted  to  and  segregation 
has  been  spasmodically  carried  out  with  satisfaetor}^  results  when  prop- 
erly done.  In  a  British  Colonial  report  on  this  disease  in  Trinidad  in 
1902,  it  is  said  that  at  that  time  both  yaws  dispensaries  and  yaws  hos- 
pitals were  in  operation  and  that  not  less  than  1,751  cases  Avere  under 
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treatment  during  the  year.  While  yaws  seems  to  be  scattered  around 
the  world  in  tropical  and  subtropical  countries,  apparently  it  does  not 
extend  to  high  altitudes  even  in  these  regions.  There  has  been  consid- 
erable stress  placed  upon  the  relative  geographical  distribution  of  yaws 
and  syphilis.  Syphilis  seems  to  be  about  the  same  in  all  climes  at  all 
altitudes  and  under  all  terrestrial  temperatures.  However,  one  meets 
with  some  rather  interesting  things  in  the  study  of  the  geographical 
distribution  of  these  two  diseases.  It  is  the  testimony  of  all  medical 
men  who  have  studied  the  diseases  of  the  Fiji  Islands  that  among 
the  natives,  syphilis  is  practically  unknown,  while  framboesia  is,  as  we 
have  just  stated,  so  common  that  parents  regard  it  as  inevitable.  Turner 
makes  the  statement  that  syphilis  was  unknown  in  Samoa  up  to  1880, 
while  framboesia  has  been  prevalent  from  the  earliest  discovery  of  this 
group  of  Islands,  and  in  all  probability  much  longer.  In  some  of  the 
British  possessions  in  the  West  Indies,  framboesia  has  been  exterminated, 
while  syphilis  continues. 

Is  framboesia  indigenous  in  the  United  States'?  Wood  has  collected 
evidence  bearing  upon  this  subject.  In  1737  Brickell  published  his 
"Natural  History  of  North  Carolina,  with  an  account  of  the  Trades, 
Manners  and  Customs  of  the  Christian  and  Indian  Inhabitants."  Wood 
quotes  from  this  work  the  following: 

' '  The  yaws  are  a  disorder  not  well  known  in  Europe,  but  very  common  and  familiar 
here;  it  is  like  the  lues  venera,  having  most  of  the  symptoms  that  attend  the  pox^  such 
as  nocturnal  pains,  Botches,  foul  Eruptions,  and  Ulcers  in  several  parts  of  the  Body, 
and  is  acquired  after  the  same  manner  as  the  pox  is,  viz.,  by  copulation,  etc.,  but  is 
never  attended  with  a  gonorrhea  in  the  beginning.  This  distemper  was  brought  hither 
by  the  negroes  from  Guinea,  where  it  is  a  common  distemper  among  them  and  is  com- 
municated to  several  of  the  Europeans  or  Christians  by  their  cohabiting  with  the 
blacks,  by  which  means  it  is  hereditary  in  many  families  in  Carolina,  aaid  by  it  some 
have  lost  their  palates  and  noses. ' ' 

Wood  is  inclined  to  accept  the  above  as  a  true  description  of  yaws, 
although  he  does  so  with  some  hesitation.  We  know  that  yaws  is  not 
a  venereal  disease  and  that  it  is  not  hereditary;  still,  it  is  more  than 
probable  that  at  the  time  Brickell  wrote,  slaves  brought  from  Africa  did 
bring  framboesia  into  this  country.  Whether  it  Continued  to  propa- 
gate itself  in  this  country  or  not  is  another  question.  Undoubtedly  from 
time  to  time  cases  of  yaws  are  seen  in  this  country  among  those  who  have 
come  from  endemic  areas.  Wood  has  collected  in  the  article  referred  to 
all  reported  cases,  both  of  extraneous  and  indigenous  origin,  seen  in  this 
country.  The  claim  of  McMurran  made  in  1900  that  much  of  the  so- 
called  smallpox  seen  in  Virginia  was  in  reality  yaws,  we  are  inclined  to 
dismiss  as  improbable.  In  1858  McDowell,  of  Columbia,  Texas,  reported 
the  case  of  a  negro  child  with  an  ulcerating  fungus  growth  about  the 
anus,  and  states  that  its  mother  had  yaws.     In  1878  Jones,   of  New 
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Orleans,  presented  a  case  with  the  diagnosis  of  yaws,  to  his  local  soci- 
ety, but  this  individual  was  a  native  of  the  Isle  of  Bourbon,  off  the  coast 
of  Africa.  In  1896  Matas,  of  New  Orleans,  reported  yaws  in  a  negro 
who  had  not  been  outside  of  the  State  of  Louisiana.  The  diagnosis  in 
this  case  was  confirmed  by  Dyer.  In  1909  Wood  saw  a  case  in  Wilming- 
ton, N.  C,  which  he  believed  to  be  yaws,  and  he  is  inclined  to  the  opinion 
that  much  of  the  mild  syphilis  seen  among  the  negroes  in  the  South  is, 
in  fact,  not  syphilis,  but  yaws. 

We  must  admit  that  a  careful  reading  of  Wood's  valuable  paper  has 
not  convinced  us  that  yaws  is,  at  present  at  least,  indigenous  in  the 
United  States.  It  would  be  well,  however,  for  practitioners  especially 
in  the  southern  states,  to  bear  this  possibility  in  mind. 

The  Virus. — Treponema  pertenue,  also  known  as  Spirocheta  pertenue, 
Spirocheta  pertenuis,  and  Spirocheta  pallida,  was  discovered  by  Cas- 
tellani,  as  we  have  already  stated,  in  1905.  It  is  a  slender  spiral,  vary- 
ing in  length  from  four  or  five  to  twenty  microns.  It  requires  prolonged 
contact  with  the  stain  in  order  to  react,  but  good  results  may  be  ob- 
tained by  the  Giemsa  or  Leishman  method.  Since  there  are  marked 
variations  in  length  of  this  organism,  there  are  similar  differences  in 
the  number  of  the  coils ;  also  in  their  uniformity.  As  a  rule,  both  extrem- 
ities of  the  parasite  are  pointed,  but  one  or  both  may  be  blunt  and, 
more  rarely,  there  is  seen  an  individual  which  presents  drum-stick 
forms.  No  undulating  membrane  has  been  found.  The  resemblance 
between  this  spirochete  and  that  of  syphilis  is  so  close  morphologically 
that  differentiation  by  microscopic  examination  is  uncertain.  Now  and 
then  some  investigators,  studying  these  organisms  comparatively,  point 
out  slight  morphologic  differences,  but  this  simply  means  differences 
in  the  two  species  or  strains  which  are  under  observation  at  the  time. 
This  spirochete  is  most  easily  and  certainly  found  in  the  nonulcerative 
lesions.  It  is  present,  at  least  often,  in  the  ulcerating  tissue,  but  in  this 
material  it  is  accompanied  by  many  other  organisms.  In  framboesic 
patients  this  spirochete  is  found  not  only  in  the  papules,  but  in  the 
spleen  and  lymphatic  glands.  Extracts  of  framboesic  material  contain- 
ing T.  pertenue  inoculated  into  monkeys  produce  the  disease,  but  when 
the  organism  has  been  removed  from  such  extracts  by  filtration  the 
preparation  is  rendered  inert.  Noguchi  has  grown  cultures  of  this  or- 
ganism in  sterile  ascitic  or  hydrocele  fluid  to  Avhicli  a  bit  of  fresh  sterile 
kidney  from  the  rabbit  has  been  added. 

Transmission.; — So  far  as  we  know,  this  disease  is  transmitted  from 
the  infected  to,  the  uninfected  only  by  contact  and  it  is  necessary  that 
the  recipient  should  have  some  break  in  the  continuity  of  his  cutane- 
ous covering  in  order  to  receive  the  virus.  Under  this  supposition,  sus- 
ceptibility to  the  disease  consists  in  having  some  open  avenue  through 
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which  the  virus  can  enter  the  body.  Naturally,  the  contact  between  the 
infected  and  the  uninfected  or  between  the  donor  and  the  recipient  may 
be  either  direct  or  indirect.  Direct  contact  may  be  by  nursing,  kissing, 
fondling,  and  sexual  intercourse.  In  endemic  regions  mothers  are  fre- 
quently infected  by  their  children,  and  occasionally  children  are  infected 
by  their  mothers.  It  is  said  to  be  a  well-known  fact  among  negro  tribes 
along  the  Congo  that  a  mother  having  yaws  should  not  sleep  with  her 
child  and  that  if  she  does  so  she  is  likely  to  transmit  the  disease  to  it. 
Given  an  open  specific  sore  on  one  individual  and  an  open  nonspecific 
sore  on  another,  the  specific  agent  may  be  transmitted  from  the  former 
to  the  latter  by  direct  contact,  by  clothing,  by  dressings,  by  insects, 
whether  these  be  of  biting  or  nonbiting  varieties.  Castellani  examined 
the  intestinal  contents  of  a  certain  number  of  house  flies  and  finding  no 
evidence  of  the  treponema  in  these,  he  permitted  others  of  the  same 
batch  to  feed  upon  a  yaw  sore  and  afterwards  placed  some  of  these  on 
scarified  spots  over  the  eyebrows  of  several  monkeys  and  kept  them  in 
this  position  by  means  of  gauze  for  two  hours.  One  of  the  monkeys  be- 
came infected  and  developed  the  disease.  Bahr  is  inclined  to  the  opinion 
that  the  treponema  is  transmitted  by  biting  insects,  the  species  of 
which  are  probably  not  identical  in  the  different  endemic  areas. 

Control  and  Eradication. — That  this  disease  may  be  completely  erad- 
icated from  a  community  has  been  demonstrated  in  the  results  obtained 
by  means  of  segregation  of  the  infected.  Thirty  years  ago,  Rat,  who 
had  been  largely  instrumental  in  the  eradication  of  this  disease  from 
certain  of  the  Leeward  Islands,  wrote  as  follows : 

' '  Can  yaws  be  extirpated  from  any  country  by  segregation  1  This,  of  course,  can 
only  be  done  if  the  disease  is  not  hereditary.  We  may,  I  think  assume  that  it  is  not 
hereditary.  In  that  case  the  reply  is,  yes:  yaws  can  be  extirpated  from  a  country  by 
segregation,  but  by  general  segregation  only.  It  is  evident  that  the  isolation  of  a  few 
cases  of  a  contagious  disease,  while  12  times  as  many,  or  more,  are  left  at  liberty,  can 
never  end  in  the  eradication  of  that  disease.  And  to  be  general,  segregation  must  be 
compulsory.  Tlie  community,  therefore,  which  cannot  afford  the  expense  of  compulsory, 
general  segregation,  is  wasting  money  in  attempting  the  impossible  by  adopting  any 
less  radical  measure.  But,  though  general  segregation  may,  if  persisted  in  for  a 
considerable  time,  cause  the  disease  to  disappear,  it  by  no  means  insures  its  nonrecur- 
rence.  For  the  disease  may  be  disseminated  again  by  its  reappearance  in  those  who  had 
been  segi-egated  and  who  had  been  thought  radically  cured,  or  by  importation  from 
abroad.  Something  else,  therefore,  is  wanting  besides  even  general  segregation  to  both 
eradicate  and  prevent  the  recurrence  of  the  contagion.  This  something  is  an  improve- 
fnent  in  the  sanitary  surroundings  of  those  among  whom  the  disease  originates  and 
spreads,  in  the  form  of  wholesome  food  and  cleanliness,  which  can  only  be  brought 
about  by  education  and  by  remunerative  industry.  For  such  people  education  must  be 
compulsory  and  free  or  assisted ;  and  they  must  be  provided  with»  a  market  for  the 
fruits  .of  their  labor.  The  disappearance  of  the  disease  has  ever  followed  the  improved 
social  condition  of  the  inhabitants  of  every  country  in  which  it  has  prevailed,  even 
without  either  general  or  even  partial  segregation.     That  partial  segregation  is   alto- 
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gether  useless,  I  do  not  mean  to  assert,  but  what  appears  to  me  plain  is  that  it  cannot 
possibly  effect  what  it  is  intended  to  achieve,  viz.,  the  extirpation  of  the  disease,  and 
that  the  expense  connected  with  it  is  so  enormously  out  of  proportion  to  any  result 
that  it  may  produce,  that  it  would  be  wiser  to  devote  the  considerable  sums  of  money 
which  have  been  spent  in  some  colonies  in  the  vain  attempt  to  eradicate  it,  to  improv- 
ing the  social  condition  of  the  people.  The  small  colonies  in  which  it  is  most  prevalent 
cannot  afford  to  provide  shelter,  food  and  attendance  for  all  those  who  are  affected 
with  yaws  during  the  long  period  required  for  the  cure  of  the  disease.  AH  that  can 
be  done  is  to  compel  their  attendance  as  out-patients  on  certain  days  at  a  public  dispen- 
sary until  they  are  declared  cured  by  the  medical  officer,  and  to  decide  on  a  rational 
treatment  of  the  affection  which  should  be  strictly  carried  out.  The  erroneous  ideas 
which  are  entertained  by  some  as  to  the  proper  treatment  of  the  disease  have  been, 
unfortunately,  the  cause  of  its  extensive  persistence  in  some  places  from  which  it  should 
have  been  long  since  entirely  eradicated." 

The  discovery  that  arsphenamine  acts  so  promptly  and  so  thoroughly 
in  the  treatment  of  this  disease  encourages  the  idea  that  it  may  be  erad- 
icated with  comparatively  little  effort  from  any  community.  Prolonged 
detention  in  a  yaws  hospital  is  no  longer  necessary.  Practically  all 
cases  can  be  cured  in  a  short  time  and  this  means  that  their  ulcers  heal 
and  that  as  sources  of  infection  they  cease  to  exist. 
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CHAPTER  XXVI 
THE  KALA-AZARS 

I.  GENERAL  LEISHMANIASIS 
Dumdum  Fever;  Cachectic  Fever 

Description. — This  is  a  specific  and  chronic  disease,  characterized  by 
an  irregular  fever,  accompanied  by  enlargement  of  the  spleen,  and  due 
to  an  organism  known  as  Leishmania  donovani.  According  to  Ross,  the 
name  should  be  "kala-jwar,"  signifying  the  black  disease.  The  agent 
concerned  in  the  transmission  of  this  disease  has  not  been  determined  with 
any  certainty,  although  certain  insects,  especially  those  belonging  to  the 
genus  Clinocoridae,  are  suspected.  Further  detail  on  this  point  will  be 
given  later.  The  dog  is  the  only  domestic  animal,  so  far  as  is  Jknown, 
which  suffers  naturally  from  this  disease,  although  it  may  be  induced  ex- 
perimentally in  other  animals.  In  a  disease  so  insidious  in  its  development, 
early  recognition  is  cliffieult.  The  fever  of  kala-azar  is  distinguished  from 
that  of  malaria  by  the  greater  irregularity  in  the  remission  in  the  former 
disease.  English  physicians  in  India  have  given  attention  to  these  remis- 
sions, and  Rogers  reported  some  years  ago  that  by  taking  the  temperature 
every  four  hours  he  found  two  remissions  each  day.  He  believed  this  to 
be  diagnostic  of  the  disease.  It  is  quite  certain  that  there  is  a  prefebrile 
stage  which  is  not  characterized  by  any  marked  symptoms  and  consequently, 
the  period  between  infection  and  the  onset  of  marked  fever  cannot  be 
determined.  It  is,  however,  believed  to  range  from  three  weeks  to  as  many 
months.  The  febrile  stage  may  develop  slowly  or  it  may  be  marked  by  a 
distinct  rigor  or  chill,  and  this  may  occur  daily.  The  febrile  stage  usually 
extends  from  three  to  six  weeks,  when  the  temperature  falls  and  the  sub- 
sequent progress  of  the  disease  is  known  as  the  apj'rexial  stage,  although 
careful  temperature  measurements  will  in  most  eases  show  daily  elevation 
generally  not  exceeding  100°.  This  afebrile  stage  is  frequentl}^  terminated 
by  the  reappearance  of  chills  and  fever.  Afebrile  and  febrile  periods  now 
alternate,  while  the  spleen  invariably,  and  the  liver  sometimes,  enlarges. 
The  flesh  disappears  from  the  chest  and  limbs,  while  the  abdomen  con- 
tinues to  enlarge,  giving  to  the  indi^ddual  much  the  appearance  so 
plainly  in  evidence  among  starving  people.  The  anemia  increases,  while 
Math  equal  step  bodily  weakness  and  mental  depression  mark  the  last 
stages  of  the  disease.  Scorbutic  sjanptoms,  such  as  hemorrhages  from  the 
gums,    nose,   bowels,    and   subcutaneously,   may   appear.     There   may   be 
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cutaneous  eruptions  and  even  ulcerations,  but  these  are  not  characteristic 
of  this  form  of  leishmaniasis.  Diarrheal  and  dysenteric  attacks  may 
supervene  and  hasten  the  fatal  ending.  According  to  Castellani,  the  dura- 
tion of  the  disease  usually  lies  somewhere  between  seven  months  and  two 
years  and  generally  ends  in  death. 

Laveran,  who  has  recently  (1917)  published  a  most  valuable  and  exhaust- 
ive monograph  on  "Leishmanioses,"  classes  kala-azar  as  the  visceral  form 
of  the  disease  caused  by  the  leishmania,  while  he  makes  the  Oriental  sores 
cutaneous  manifestations  of  leishmaniasis.  This  author  states  that  kala- 
azar  or  visceral  leishmaniasis  shows  the  same  clinical  signs  in  its  develop- 
ment in  adults  and  in  infants.  In  the  adult,  the  initial  progress  of  the 
disease  is  insidious  and  is  accompanied  only  by  sensations  of  weakness  and 
slight  febrile  manifestations.  Usually  the  physician  is  not  consulted  until 
the  disease  has  developed  markedly.  At  this  time  the  two  fundamental 
symptoms  are  an  irregular  remittent  fever  and  a  more  or  less  marked 
hypertrophy  of  the  spleen.  Since  both  of  these  symptoms  are  constant  in 
malarial  fever,  kala-azar  and  malaria  were  confounded  for  a  long  time. 
The  fever  of  kala-azar  is  distinguished  from  that  of  malaria  by  its  greater 
irregularity  and  by  the  fact  that  it  is  not  affected  by  the  administration 
of  quinin.  The  hypertrophy  of  the  spleen  is  quite  as  marked  in  kala-azar 
as  it  is  in  malaria.  In  the  former  disease  there  may  be  hypertrophy  of 
the  liver,  but  it  is  less  marked  than  that  of  the  spleen.  As  kala-azar  ad- 
vances, marasmus,  witii  continued  hypertrophy  of  the  spleen  and  liver, 
gives  to  the  patient  a  characteristic  appearance.  Anemia  becomes  more 
pronounced,  nasal  and  gingival  hemorrhages  occur,  and  cutaneous  erup- 
tions are  common.  In  many  cases  there  is  edema  of  the  lower  extremities ; 
more  rarely,  ascites.  As  a  rule,  death  is  caused  by  secondary  infection; 
dysentery,  pneumonia,  or  noma. 

In  infants  the  two  characteristic  symptoms  of  kala-azar,  irregular  fever 
and  splenomegaly,  are  not  in  evidence,  but  the  disease  proceeds  with 
greater  intensity  and  anemia  develops  more  speedily  and  more  markedly. 
The  skin  and  mucous  membranes  are  very  pale.  The  face  is  blanched  and 
presents  a  death-like  appearance.  Edema  of  the  face  and  extremities  is 
frequent.  Hemorrhages  and  ulcerous  gingivitis  are  common  complica- 
tions. In  children  death  frequently  occurs  within  three  months,  although 
the  disease  has  been  known  to  continue  as  long  as  three  years,  and  recov- 
eries are  not  unknown. 

Kala-azar  in  dogs  presents  much  the  same  symptoms  as  those  observed 
in  man.  In  this  animal  there  is  often  in  the  later  stages  paralj^sis  of  the 
posterior  extremities.  The  disease  does  not  seem  to  be  so  fatal  in  dogs  as 
in  man,  although  death  does  occur  in  the  dog  and  is  accompanied  by 
marked  hypothermia.  While  the  geographical  distribution  of  human  and 
canine  kala-azar  differs  in  localities  to  some  extent,  there  is  correspond- 
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eiiee  when  large  areas  are  studied,  and  at  present  the  disease  in  man  and 
in  dogs  seems  to  be  identical  in  etiology,  symptomatology,  and  pathology. 
A  positive  diagnosis  of  kala-azar  cannot  be  made  without  the  detection 
of  the  parasite.  It  has  been  found,  even  in  early  stages  of  the  disease,  in 
the  peripheral  blood.  Castellani  and  Chalmers  have  the  following  to  say 
concerning  the  diagnosis: 

"The  only  certain  method  of  diagnosis  is  to  find  the  parasite,  and  as  Donovan  and 
Patton  have  reported  its  frequent  oecun-ence,  even  in  early  stagesi,  in  the  peripheral 
blood,  this  should  be  possible,  especially  if  aided  by  dilution  with  normal  saline  solu- 
tion, centrifugalization  and  examination  of  the  leucocytes.  In  our  experience,  the 
search  for  the  parasite  in  the  leucocytes  of  the  peripheral  blood  requires  an  extremely 
long  time,  and  is  often  negative.  If  the  parasites  cannot  be  found  in  the  blood, 
an  attempt  may  be  made  to  find  them  by  the  examination  of  the  exudate  obtained  by 
exciting  artificial  pustulation  of  the  skin  by  some  irritant,  as  suggested  by  Major 
Cummins.  Failing  this,  there  is  puncture  of  the  spleen  or  of  the  liver,  and  withdrawal 
of  the  blood,  which  can  be  examined  by  the  microscope.  The  diagnostic  puncture  of  the 
spleen  in  the  tropics,  is,  however,  not  to  be  undertaken  lightly,  because  splenic  enlarge- 
ment due  to  leukemia  is  by  no  means  unknown,  and  puncture  of  the  spleen  in  this 
disease,  or,  indeed,  in  that  of  chronic  malaria,  may  lead  to  most  unfortunate  results. 
Tlie  blood  of  the  peripheral  circulation  should  therefore  be  examined  to  exclude  leukemia. 

"Certainly,  the  first  thing  to  do  is  to  examine  the  peripheral  blood  and  exclude 
leukemia.  Secondly,  the  coagulability  of  the  blood  should  be  tested  by  Wright 's  method, 
and  if  found  to  be  decreased,  the  puncture  should  not  be  performed.  Thirdly,  if  the 
puncture  is  to  be  carried  out,  the  liver  should  be  chosen  for  exploration,  not  the 
spleen,  particularly  in  the  later  stages,  in  which  hemorrhages  are  to  be  feared.  In 
the  early  stages  there  may  not  be  so  much  risk,  but  it  must  be  done  with  the  greatest 
care,  aseptically,  and  the  patient  must  be  kept  at  rest  for  some  time  afterwards,  the  . 
site  of  the  puncture  being  covered  with  an  aseptic  pad  and  a  firm  bandage.  The  syringe 
should  be  sterile,  and  perfectly  dry.  Rogers  recommends  that  a  dose  of  30  grains 
of  calcium  chlorid  in  a  couple  of  ounces  of  water  be  administered  directly  after  a  punc- 
ture, in  order  to  promote  coagulability  of  the  blood. 

"In  the  early  stages  the  diagnosis  has  to  be  principally  made  from  acute  malaria 
and  typhoid,  when  the  positive  signs  in  favor  of  kala-azar  are:  (1)  Presence  of  the 
characteristic  daily  double  remission  of  the  fever;  (2)  absence  of  constitutional  symp- 
toms, proportional  to  the  severity  of  the  fever;  (3)  absence  of  malarial  parasites  ajid 
Widal's  reaction,  though,  of  course,  the  latter  reaction  is  negative  in  true  typhoid 
during  the  first  week;  (4)  marked  enlargement  of  the  spleen;  (5)  great  leukopenia, 
especially  in  relation  to  the  erythrocytes,  which,  however,  may  also  be  found  in  typhoid 
and  malaria;  (6)  increase  in  mononuclear  leucocytes;  (7)  presence  of  Leishmania 
donovani  in  the  leucocytes. 

' '  In  advanced  cases  the  diagnosis  has  to  be  made  from  malarial  cachexia  and  ankylo- 
stomiasis by  (1)  the  presence  of  Leishmania  donovani  in  the  leucocytes  of  the  peripheral 
blood,  or  in  the  juice  from  the  liver  and  spleen;  (2)  by  the  absence  of  the  typical 
febrile  attacks  of  subtertian  or  tertian  fever;  (3)  by  the  absence  during  the  febrile 
attack  of  malarial  paa-asites;  (4)  by  the  absence  of  ankylostomes,  or  if  they  are 
present,  by  continuation  of  the  symptoms  after  their  expulsion.  Mixed  infection  of 
kala-azar  and  malaria  may  occur.'' 

History.— When  the  English  took  possession  (1869)  of  the  territory 
lying  to  the  east  of  the  Brahmapoutra  Eiver  knoAvn  as  the  Garo  Hills,  they 
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found  prevalent  among  the  natives  of  this  region  a  disease  known  in  the 
vernacular  as  kala-azar,  and  which  was  believed  at  that  time  by  British 
medical  officers  to  be  a  severe  form  of  malarial  cachexia.  In  succeeding 
years  this  disease  either  actually  spread,  or  further  penetration  of  the 
country  by  the  British  showed  its  wider  distribution.  By  1875  it  had 
apparently  become  an  epidemic,  causing  a  high  death  rate.  The  first 
publication  on  the  disease  was  made  by  Clarke  in  1882  on  notes  of  120 
cases  observed  by  McNaughton,  the  civil  medical  officer  of  the  District. 
By  1889  this  disease  in  epidemic  form  was  found  in  Assam,  where  an 
investigation  by  Giles  led  to  the  conclusion  that  it  was  due  to  hookworm 
infection.  There  can  be  no  doubt  that  ankylostomiasis  was  then  prev- 
alent, as  it  is  now,  in  that  part  of  India,  and  the  mistake  of  attribut- 
ing kala-azar  to  this  infection  is  excusable.  In  1894  Stephens,  after  quite 
a  thorough  study,  came  to  the  conclusion  that,  while  kala-azar  is  not 
malaria,  it  is  closely  related  to  this  disease.  In  1897  Eogers  and  1899 
Ross,  both  experts  in  malarial  diseases,  reached  the  conclusion  that  kala- 
azar  is  a  form  of  malaria.  In  1902  Bentley,  depending  upon  serum  reac- 
tions, came  to  the  conclusion  that  the  causal  agent  is  the  Micrococcus 
melitensis ;  in  other  words,  this  autliority  believed  kala-azar  to  be  a  form 
of  Malta  fever. 

In  1900  Leishman  had  under  his  charge  in  a  military  hospital  at  Netley, 
England,  a  sick  soldier  who  had  been  invalided  home  from  India.  This 
man  had  been  stationed  at  Dumdum,  a  most  insalubrious  post  about  seven 
miles  from  Calcutta.  This  was  the  only  post  at  which  this  man  had  been 
stationed  in  the  Orient  and  it  was  quite  certain  that,  whatever  the  nature 
of  the  disease  from  which  he  suffered,  it  was  acquired  at  this  post.  This 
man  was  admitted  to  the  Netley  Hospital  in  April,  1900,  and  was  under 
Leishman 's  observation  for  seven  months,  when  he  died.  The  diagnosis 
under  which  he  was  admitted  to  the  hospital  was  "dumdum  fever"  com- 
plicated with  dysentery.  The  man  was  greatly  emaciated  and  ordinarily 
his  temperature  was  below  normal,  but  from  time  to  time  he  showed  an 
irregular  fever.  Frequent  examination  of  the  blood  failed  to  show  any 
form  of  malarial  parasite.  At  autopsy  the  spleen  was  found  to  be  greatly 
enlarged,  while  the  only  other  notable  lesions  were  cicatrices  from  intes- 
tinal ulcerations.  In  smears  from  the  spleen  Leishman  found  a  large 
nimiber  of  organisms  which  he  was  unable  to  identify  with  anytliing  he 
had  previously  seen.  These  bodies  were  round  or  oval  with  a  diameter 
of  from  two  to  three  microns.  When  stained  b}^  the  Romanowslvy  method 
they  showed  two  chromatin  masses,  a  large  and  a  small  one,  the  former 
round  and  staining  slightly,  while  the  latter  was  rod  shaped  and  stained 
deeply.  The  latter  showed  a  linear  structure  corresponding  to  the  rhizo- 
plasts  of  Novy  and  Mesnil.  Leishman  observed  accumulations  of  from 
20  to  50  of  these  organisms  in  certain  cells.     At  that  time  Leishman  was 
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studying  iiagana,  and  from  comparisons  between  the  organisms  found  in 
the  spleen  of  the  dead  soldier  and  those  obtained  from  the  viscera  of  a 
nagana  rat  he  was  inclined  to  the  opinion  that  the  new  organism  belonged 
to  the  trypanosomes. 

Leishman  did  not  publish  these  observations  until  May,  1903.  In  the 
following  July,  Donovan,  serving  at  the  Military  Hospital  at  Madras,  re- 
ported that  he  had  discovered,  both  at  autopsies  and  by  puncture  of  the 
spleen  during  life  in  patients  suffering  from  an  irregular  fever,  organisms 
similar  to,  if  not  identical  with,  those  described  by  Leishman.  Donovan 
sent  stains  of  these  organisms  to  Laveran  and  Mesnil  for  identification. 
The  French  experts  were  unable  to  identify  these  bodies  with  any  hitherto 
known  organisms.  They  concluded  that  they  could  not  be  classified  with 
either  plasmodia  or  trypanosomes,  and  proposed  to  give  to  these  newly 
discovered  bodies  the  name  Piroplasma  clonovani.  It  should  be  stated 
that  up  to  that  time  Donovan  had  found  this  parasite  in  ten  cases  of  ir- 
regular fever.  The  identity  of  the  organism  discovered  by  Leishman  and 
Donovan  was  soon  established  and  Ross,  believing  it  to  belong  to  a  new 
species,  proposed  to  give  it  the  name  Leishmania  donovani.  This  desig- 
nation has  continued  up  to  the  present  time  without  any  one  being  able  to 
determine  its.  exact  place  in  the  classification  of  pathogenic  organisms. 
Within  a  few  months  Donovan  was  able  to  add  from  his  own  service  16 
cases  in  which  he  had  demonstrated  the  presence  of  this  organism  during 
life  by  puncture  of  the  spleen  or  liver.  All  of  these  cases  w^ere  marked 
by  irregular  fever,  pulmonary  congestion,  occasional  subcutaneous  hemor- 
rhages and  buccal  ulcerations,  with  increase  in  the  size  of  the  spleen. 
Treatment  with  quinin,  arsenic  and  salicylate  of  soda  was  mthout  effect. 

Following  these  basic  discoveries,  confirmatory  and  amplifying  reports 
began  to  conie  in.  In  1904)  Eogers  drew  blood  from  the  spleen  in  a  case 
of  kala-azar  into  sterile  sodium  citrate  solution  and  incubated  at  22°  C. 
Under  these  conditions  parasites  developed  into  flagellates.  This  demon- 
stration of  the  flagellated  stage  was  of  some  negative  value  in  attempts  to 
properly  locate  the  organism,  but  these  flagellates  were  found  to  be  with- 
out an  undulating  membrane.  Laveran  concludes  from  this  that  L.  dono- 
vani does  not  belong  to  either  the  piroplasma  or  the  trypanosoma. 

Christophers  made  important  contributions  to  our  knowledge  of  the 
anatomic  and  histologic  changes  induced  in  the  tissues  of  the  body  by  this 
parasite.  It  appears  that  when  introduced  into-  the  body  it  at  first  takes 
up  its  residence  in  the  endothelial  cells,  in  the  capillaries  of  the  spleen, 
bone-marrow,  lymphatic  glands,  intestinal  mucosa,  and  in  some  instances 
in  the  larger  blood  vessels.  In  the  endothelial  cells  it  multiplies  simply 
by  fission  until  a  single  cell  may  contain,  according  to  Leishman,  more 
than  200.  Wlien  the  endothelial  cells  rupture,  their  guests  are  discharged 
into  the  blood  where,  in  part  at  least,  they  are  taken  up  by  the  white  blood 
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corpuscles,  ill  all  varieties  of  which  the  organism  may  be  found,  although 
they  seem  to  be  most  abundant  in  the  polymorphonuclear  leucocytes.  In 
some  cases  they  are  so  abundant  in  the  leucocytes  that  they  can  be  detected 
by  the  examination  of  the  peripheral  blood.  In  such  cases  a  blood  smear 
from  the  finger,  properly  stained,  demonstrates  the  parasite.  It  is  not 
believed,  or  at  least  not  demonstrated,  that  the  flagellated  form  develops 
in  the  human  body.  As  has  been  stated,  this  form  does  appear  when 
citrated  blood  from  the  spleen  of  a  case  of  kala-azar  is  incubated  at  a  low 
temperature.  According  to  Patton  and  others,  there  are  certain  bugs, 
among  which  is  the  bedbug,  in  which  this  parasite  develops  into  flagellated 
forms.  It  is  not  known,  however,  that  an  insect  host  is  essential  to  the 
life-cycle  of  this  organism.  The  relation  of  insects  in  the  distribution 
of  this  virus  will  be  discussed  later. 

A  most  important  extension  of  our  knowledge  of  kala-azar  was  made  by 
French  physicians  in  northern  Africa.  In  1904  Cathoire  at  La  Goulette, 
Tunis,  saw  a  child  seven  months  of  age  who  was  dying  after  having  mani- 
fested the  symptoms  of  kala-azar.  Autopsy  revealed  a  greatly  enlarged 
liver,  in  the  pulp  of  which  L.  donovani  was  demonstrated.  The  African 
organism  was  for  a  while,  and  is  still  by  some,  believed  to  be  sufficiently 
different  from  L.  donovani  to  deserve  a  special  name,  and  Nicolle  desig- 
nated it  as  L.  infantum.  It  is  still  a  matter  of  discussion  as  to  the  duality 
of  kala-azar  as  seen  most  typically  in  India,  and  the  infantile  kala-azar  as 
seen  most  typically  in  the  Mediterranean  basin.  Laveran,  who  speaks  with 
authority  upon  this  subject,  thinks  that  there  are  no  essential  differences 
in  the  parasite  as  found  in  adults  and  in  children,  and,  following  this 
author,  we  recognize  no  difference  between  L.  donovani  and  L.  infantum. 

The  discovery  by  Cathoire  interested  both  laboratory  workers  and  prac- 
titioners in  all  countries  roundabout  the  Mediterranean  and  caused  them 
to  look  for  this  disease  within  their  own  provinces,  Nicolle  showed  that 
L.  donovani,  or,  as  he  called  it,  L.  infantum,  was  easily  susceptible  to  cul- 
tivation in  the  Novy-McNeal  medium  even  when  this  was  simplified  by  the 
omission  of  meat  and  pepton.  This  discovery  has  greatly  facilitated  the 
study  of  these  organisms.  Nicolle  and  his  colleagues  furthermore  demon- 
strated that  the  common  monkeys  of  northern  Africa  (Macacus)  are  easily 
inoculable  with  the  kala-azar  parasite,  that  the  native  dogs  of  Tunis  have 
kala-azar  naturally,  and  that  infantile  and  canine  kala-azar  are  quite  cer- 
tainly identical.  Nicolle  and  Comte  found  that  in  the  spring  1.8  per  cent 
of  the  dogs  of  Tunis  bear  this  infection.  The  Sergents  (Ed.  and  Et.) 
found  in  Algiers  this  number  to  be  as  high  as  7.2  per  cent,  and  in  a  vil- 
lage near  Messina,  Basile  found,  out  of  33  dogs  examined,  27  infected.  He 
reports  that  infected  dogs  were  found  in  every  house  in  which  human 
kala-azar  had  been  reported.  Furthermore,  he  discovered  that  in  some 
houses  in  which  infected  dogs  were  found  and  in  which  there  had  been 
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up  to  that  time  no  cases  of  liuiiian  kala-azar,  individuals  subsequently 
were  attacked  by  this  disease.  Canine  kala-azar  has  been  found  in  Italy 
as  far  north  as  Rome,  in  Greece  and  neighboring  islands,  in  Asia  Minor, 
and  along  other  portions  of  the  Mediterranean  zone.  In  1905  Pianese 
demonstrated  that  an  irregular  fever  which  had  been  prevalent  in  Naples 
for  many  years  is,  in  part  at  least,  infantile  kala-azar. 

Geog'raphical  Distribution. — The  distribution  of  kala-azar,  as  at  pres- 
ent known,  is  of  great  interest  to  the  epidemiologist,  inasmuch  as  it  pre- 
sents peculiar,  conflicting,  and,  in  some  cases,  apparently  contradictory 
problems.  The  epidemiology  of  this  disease  in  India  has  been  the  subject 
of  frequent  study  and  the  classical  paper  on  this  subject  by  Rogers  in  his 
work  on  "Fevers  in  the  Tropics"  (1910)  should  be  read  by  every  epi- 
demiologist whether  he  is  interested  especiallj^  in  kala-azar  or  not.  At 
present  this  disease  is  well  known  and  frequently  observed  from  the  Delta 
of  the  Ganges,  up  that  river  to  Dinapur,  and  endemic  areas  are  found  on 
both  sides  of  the  Brahmapoutra  up  to  the  foothills  of  the  Himalayas.  Out- 
side of  these  areas,  which  are  contiguous,  the  only  other  endemic  area  at 
present  known  in  India,  is  at  Madras.  The  entire  northwestern  region 
appears  to  be  free  from  this  form  of  leishmaniasis,  while  the  cutaneous 
form  of  this  infection  is  known  and  has  been  long  prevalent  on  the  Upper 
Ganges  in  and  north  of  Delhi ;  indeed,  ' '  Delhi  boil ' '  is  one  of  the  ancient 
names  for  cutaneous  leishmaniasis.  It  is  also  known  around  the  Gulf  of 
Cambay  and  on  both  sides  of  the  Indus  River.  Neither  form  of  leishman- 
iasis is  indigenous,  so  far  as  is  known,  in  Bombay  or  in  any  of  the  coun- 
try along  that  coast.  It  is  a  striking  fact,  observed  not  only  in  India,  but 
in  some  other  regions,  that  internal  and  cutaneous  leishmaniasis  are  not 
found  in  the  same  region. 

In  1854,  according  to  Rogers,  an  epidemic,  first  manifesting  itself  in  the 
swampy  district  of  Jessore  to  the  east  of  Calcutta,  traveled  along  the  roads 
most  frequently  used  and  continued  its  progress  until  1873,  during  which 
time  it  greatly  reduced  the  population  and  in  some  districts  so  interfered 
with  agriculture  that  these  parts  were  left  barren.  During  its  progress 
in  1868  it  reached  the  town  of  Burdwan,  in  wdiich  it  raged  with  such 
malignity  that  it  became  known  as  "Burdwan  fever."  Rogers,  who  made 
a  study  of  the  records  pertaining  to  this  epidemic,  writes  of  it  as  follows : 

"Not  only  did  the  disease  extend  along  the  lines  of  communication,  just  as  I  have 
mentioned  was  always  the  case  with  the  later  Assam  epidemic,  but,  like  the  latter,  its 
progress  was  also  obstructed  by  lack  of  ready  intercourse  between  one  place  and  another, 
as  shown  by  the  entire  escape  of  an  area  surrounded  by  rivers  ajid  small  shallow  lakes, 
and  thus  cut  off  very  much  from  the  surrounding  country.  Further,  the  fever  took  from 
1862  to  1869  to  travel  round  from  the  northern  part  of  the  area  first  attacked  to  the 
west  of  the  Bhagarathi  Eiver  to  a  place  only  a  few  miles  to  the  northwest  of  it  on  the 
same  stream,  but  with  no  direct  communication  between  the  two,  thus  bearing  out  Dr. 
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Jackson's  statement,  'Wherever  tliere  has  been  active  intercourse,  the  fever  has 
traveled;  where  there  has  been  little  or  none,  it  has  died  out.' 

"The  next  point  of  interest  is  the  cessation  of  the  epidemic,  for  this  took  place 
as  soon  as  it  reached  the  borders  of  the  alluvial  soil  over  which  it  had  been  estend- 
ing,  and  arrived  at  the  borders  of  the  much  drier  laterite  formation  and  the  rising 
ground  at  the  foot  of  the  Chota  Nagpur  plateau,  and  the  low  hills  of  the  Sonthal 
Pergunnahs.  This  was  very  marked  in  the  Midnapore  district  where  the  alluvial  parts 
were  severely  overrun,  but  the  fever  never  seemed  to  be  able  to  get  a  firm  footing  on 
the  laterite  areas.  This  cessation  of  the  spread  is  precisely  parallel  to  the  influence  of 
the  hills  surrounding  the  Assam  Valley  in  restraining  that  of  kala-azai*,  for  it  was  only 
the  lower  ranges  of  the  Garo  Hills  with  their  alluvial  valleys  and  basins  which  were 
severely  affected  by  the  Assam  outbreak. 

"The  terrible  nature  of  the  Burdwan  epidemic  depended  largely  on  the  affected 
areas  being  much  more  densely  populated  than  the  later  attacked  parts  of  Assam,  for 
no  less  than  a  quarter  of  a  million  persons  are  estimated  to  have  died  in  the  Burdwan 
division  alone  of  the  epidemic  fever.  The  exact  nature  of  the  disease  gave  rise  to 
almost  as  much  controversy  as  its  Assam  prototype,  the  question  of  its  contagiousness 
being  specially  warmly  debated.  As  it  was  almost  universally  regarded  as  being  un- 
questionably malarial  in  its  nature  this  very  fact  was  held  by  some  to  be  positive 
proof  that  it  could  not  be  infectious;  just  as  was  later  on  argued  in  Assam.  Dr. 
Jackson  concluded  his  very  able  report  by  writing:  'While  I  believe  the  fever  to  be 
malarial  in  its  origin,  and  to  have  some  malarial  characteristics,  I  believe  it  to  be  not 
a  simple,  but  a  contagious  malarial  fever;  that  is  probably  typhomalarial,  and  that  it 
has  not  been  produced  in  Burdwan  itself  but  imported.'  In  the  descriptions  of  the 
disease  its  identity  with  kala-azar  is  quite  clear,  vnth.  the  exception  that  a  few  cases 
tenninating  rapidly  with  coma  were  recorded — doubtless  cerebral  malaria,  naturally 
regarded  as  part  of  the  outbreak.  It  is  also  worthy  of  note  that  whereas  the  Burdwan 
division  before  this  epidemic  was  looked  upon  by  the  native  inhabitants  as  a  sani- 
tarium, it  has  ever  since  retained  a  name  for  feverishness,  and  I  have  recently  found 
the  parasites  of  kala-azar  in  several  typical  cases  of  the  sporadic  form  of  the  disease 
from  the  Burdwan  district,  so  that  the  epidonic  has  left  behind  it  the  sporadic  afec- 
tion,  just  as  Tiola-asar  has  done  in  the  parts  of  Assam  it  has  devastated." 

Whether  the  Assam  epidemic  (1875-1898)  was  a  continuation  of  that 
which  had  afflicted  Lower  Bengal  and  which  was  known  as  Burdwan  fever, 
or  was  introduced  into  Assam  from  some  other  source,  has  not  been  and 
probably  never  can  be  definitely  determined.  The  Assam  epidemic  first 
attracted  attention  in  the  lower  province  of  that  country  known  as  Garo 
Hills  and  gradually  spread  up  the  Brahmapoutra  River,  following  appar- 
ently the  construction  and  use  of  the  trunk  road,  and  finally  dying  out  in 
Nowgong,  a  northern  province  of  Assam.  In  the  last-mentioned  pro%ance, 
according  to  Eogers, 

"the  fever  death  rate  rose  by  leaps  and  bounds  from  an  average  of  about  4,000  a  year 
previously  to  1892  up  to  over  14,000  in  1897,  and  then  declining  still  more  rapidly  to 
under  6,000  in  1900,  and  an  average  of  about  4,000  once  more  during  the  last  five 
years. ' ' 

Concerning  the  epidemic  in  Nowgong,  Eogers  writes: 

"During  this  decade  (1891-1901)  Nowgong  felt  the  full  force  of  the  epidemic,  and 
its  truly  appalling  nature  is  revealed  by  the  fact  that  in  these  ten  years,  instead  of  an 
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increase  of  ten  j)er  cent,  as  between  1881  and  1891,  there  was  actually  a  decrease  of 
twenty-four  per  cent  of  the  total  population  of  the  district;  or,  if  the  indigenous  As- 
samese are  alone  considered,  the  loss  was  no  less  than  31.5  per  cent,  or  almost  one- 
third  of  the  people — a  death  rate  which  far  exceeds  that  of  recent  plague,  and  flor 
which  it  would  be  difficult  to  find  a  modern  parallel,  unless  it  be  that  of  the  closely- 
allied  sleeping  sickness  of  Africa." 

Writing  of  the  Assam  epidemic,  Manson  says : 

' '  The  epidemic  advanced  slowly  along  the  valley  of  the  Brahmapoutra,  taking  seven 
years  to  spread  less  than  100  miles.  The  introduction  of  the  infection  into  a  village 
was  almost  invariably  traced  to  some  one  coming  with  the  disease  on  him  from  an  in- 
fected locality,  though  some  isolated  localities  escaped  in  a  remarkable  manner.  Gen- 
erally it  clung  to  a  place  for  about  six  years,  and  then  disappeared  without  any  ap- 
parent change  in  the  local  conditions.  A  house  seemed  to  retain  the  infection  for  many 
months;  the  natives  considered  that  it  could  not  be  reoccupied  with  safety  under  one 
year.  During  the  course  of  the  epidemic,  kala-azar  never  extended  far  above  the  level 
of  the  Brahmapoutra  valley,  the  disease  appearing  first  a,t  the  foot  of  the  hills,  and 
then  spreading  between  them  along  the  patches  of  low,  flat,  terai  country.  On  account 
of  its  deadliness,  kala-azar  as  it  swept  onwards  became  a  terror  to  the  natives.  Those 
suffering  from  the  disease  were  turned  out  of  the  village;  sometimes  they  were  made 
unconscious  with  drink,  taken  into  the  jungle,  and  burned  to  death.  Some  villages 
cut  off  all  communication  with  neighboring  villages  for  fear  of  infection;  other  vil- 
lagers deserted  their  homes  and  even  migrated  to  a  different  district." 

There  has  been  no  epidemic  of  kala-azar  in  or  about  Madras  and  the 
sporadic  cases  observed  in  that  city  liave  come  largely  from  certain  quar- 
ters which  are  noted  for  their  insanitary  conditions  and  their  crowded 
dirty  population.  During  seven  years  (1903-1909)  Donovan  saw  530  cases 
of  kala-azar  in  the  General  Hospital  at  Madras.  In  closing  our  remarks 
on  the  distribution  of  kala-azar  in  India,  we  wish  to  emphasize  the  fact 
that  internal  or  splenic  and  cutaneous  leishmaniasis  are  not  found  in  the 
same  neighborhoods  in  this  country.  This  is  a  strong  argument  in  favor 
of  those  who,  notwithstanding  the  apparent  identity  of  the  virus,  believe 
that  these  are  two  distinct  specific  diseases.  Another  most  important  obser- 
vation is  that  natural  leishmaniasis  in  dogs  has  not  been  found  in  that  part 
of  India  where  kala-azar  is  endemic.  Moreover,  native  dogs  in  these  regions 
are  highly  resistant  to  inoculation  with  L.  donovani.  While,  as  we  have 
stated,  8.8  per  cent  of  the  dogs  in  Algiers  in  the  spring  and  summer  were 
found  to  bear  the  leishman  infection,  Donovan  examined  1,150  dog-s  in 
Madras  and  failed  to  find  one  infected. 

Castellani  has  reported  one  case  of  kala-azar  observed  by  him  in  Ceylon, 
but  this  patient  was  a  Singhalese  and  there  is  no  telling  wdiere  he  con- 
tracted the  infection.  If  kala-azar  exists  in  Ceylon  it  is  very  rare  and 
has  escaped  observation.  In  an  incidental  way,  Castellani  says  that  he 
found  a  few  dogs  at  Colombo  in  1911  bearing  the  leishman  infection,  but 
he  does  not  stress  this  point  and  adds  that  since  Colombo  is  one  of  the 
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great  harbors  of  tlie  world  and  is  visited  hy  ships  from  all  parts,  the  in- 
fected dogs  may  not  have  been  native  to  the  Ishmd. 

There  seems  to  be  qnite  an  extensive  endemic  area  in  China,  the  south- 
ern border  of  which  is  the  Yang-tse-Kiang  River;  the  eastern,  the  shores 
of  the  Yellow  Sea;  the  northern,  the  great  wall,  while  the  western  lies 
along  a  line  drawn  some  distance  west  of  Peking,  slightly  Avest  of  Cliang- 
Te  and  Hou-Peh,  and  extending  down  to  the  Yang-tse-Kiang.  In  lOO-l 
Marchand  and  Ledingham  demonstrated  internal  leishmaniasis  in  a  Ger- 
man soldier  at  Leipzig.  This  man  had  served  in  China,  had  visited  no 
other  part  of  the  Orient,  and  it  is  assumed  that  he  acquired  the  infection 
in  China.  Since  that  time  Kerr,  Aspland,  Bassett-Smith,  Hill,  and  others 
have  reported  sporadic  cases  of  visceral  leishmaniasis  in  the  area  already 
indicated.  Hill  reports  having  seen  11  cases  of  infantile  kala-azar  in 
Peking  within  two  years  and  Jerusalemy  states  that  infantile  kala-azar  is 
endemic  in  certain  parts  of  Shantung.  It  is  more  than  probable  that 
further  investigation  will  show  a  wider  distribution  of  this  disease  in 
southern  and  western  China. 

Yakimoff  and  other  Russian  physicians  have  shown  that  kala-azar  in 
both  adults  and  children  is  by  no  means  uncommon  in  Turkestan.  The 
disease  has  been  observed  in  the  cities  of  Taschkent,  Samarcand,  Boukhara, 
as  well  as  in  smaller  villages  throughout  Turkestan.  Petroff  saw  a  case 
in  Petrograd,  but  this  patient  came  from  Turkestan.  Gurko,  during  a 
short  visit  to  Tiflis,  discovered  nine  cases,  and  the  disease  is  said  to  be 
endemic  in  Transcaspania. 

Passing  from  Asia  into  northern  Africa,  we  find  that  the  distribution 
of  leishmaniasis  has  been  studied  quite  thoroughly  by  French  physicians. 
Here,  as  in  India,  the  internal  or  splenic  form  of  the  disease,  is,  geograph- 
ically, quite  apart  from  the  cutaneous  form.  The  former  is  frequent  in 
and  about  the  City  of  Tunis  where  many  cases  of  infantile  leishmaniasis 
have  been  found.  In  the  same  region,  as  we  have  already  indicated, 
canine  leishmaniasis  is  common  and  there  are  good  reasons  for  believing 
that  children  become  infected  from  close  association  with  infected  dogs. 
Cutaneous  leishmaniasis  has  so  far  been  observed  only  in  southern  Tunis 
and  at  one  location,  Gafsa. 

Infantile  leishmaniasis  has  been  found  in  Algiers  and  Tripoli,  in  both 
of  which  countries  canine  infection  has  been  found  in  some  sections  at 
least  and  during  certain  seasons  of  the  year,  to  involve  8.8  per  cent  of 
these  domestic  animals.  In  Egypt  kala-azar  is  not  indigenous,  or,  if  so, 
it  is  very  rare ;  but  in  the  British  Sudan  it  seems  to  be  unusually  common. 
As  early  as  1904,  L.  donovani  was  detected  in  the  spleen  of  a  child  in  the 
hospital  at  Omdurman,  and  since  that  time  eases  have  been  reported  along 
the  Blue  Nile  and  in  that  part  of  the  Sudan  nearest  Abyssinia.  Archibald, 
Avho  has  studied  the  disease  in  this  region,  has  been  able  to  infect  monkeys 
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by  feeding,  from  which  the  conclusion  is  drawn  tliat  tlie  Sudan  variety 
at  least,  may  be  due  to  infected  drinking  water.  Infantile  leishmaniasis 
has  been  found  in  certain  Mediterranean  Islands  and  in  all  European 
countries  bordering  on  this  Sea.  In  Sicily  it  has  been  found  in  coastal 
villages  all  around  the  Island  and  it  is  signally  present  in  Palermo  and 
Messina.  Numerous  cases  have  been  detected  in  Calabria  and  scattered 
ones  up  the  coast  to  Naples  where,  according  to  Pianese,  the  infantile  form 
has  long  been  known  under  the  name  of  infantile  anemia.  Sporadic  cases 
have  been  observed  along  the  coast  from  Naples  to  Rome.  Contrary  to  the 
condition  existing  in  India  and  in  Tunis,  cutaneous  leishmaniasis  in  Italy 
may  be  found  in  the  same  neighborhood  with  the  splenic  form.  It  is  said 
that  in  Sicily  and  Calabria  both  the  cutaneous  and  internal  manifestations 
of  leishmaniasis  may  occur  in  the  same  place  and  at  the  same  time. 

Wenj^on  reports  both  infantile  and  canine  kala-azar  as  occurring  on  the 
Island  of  Malta.  According  to  Bassett-Smith,  Weld,  and  Ward,  the  dis- 
ease has  been  detected  in  British  soldiers  and  sailors  at  Malta. 

Cases  of  the  infantile  form  of  this  disease,  as  well  as  of  the  canine  form, 
have  been  reported  along  the  Mediterranean  Coast  of  Spain  and  farther 
inward  in  the  provinces  of  Malaga  and  Granada.  An  occasional  case  has 
been  observed  in  Portugal,  and  out  of  300  dogs  examined  at  Lisbon  eight 
were  found  to  carry  the  leishman  infection. 

Within  recent  jearfi  Greek  physicians  have  called  attention  to  the  prob- 
able existence  of  this  disease  in  their  countrj^  and  especially  on  the  Islands 
of  Hydra  and  Spetzia  in  the  Greek  Archipelago,  for  a  long  time ;  indeed, 
some  think  they  have  found  passages  in  the  writings  of  Hippocrates  which 
refer  to  kala-azar.  It  seems  that  in  1835  Roeser  wrote  concerning  a  dis- 
ease on  the  above-mentioned  islands  Avhicli  still  continues  in  these  localities 
and  which  since  the  discovery  of  the  parasite  has  been  shown  to  be  leish- 
maniasis. However  this  may  be,  it  is  quite  certain  that  both  infantile  and 
canine  kala-azar  may  be  found  in  sporadic  form  throughout  Greece  and  on 
several  of  the  islands  of  the  Greek  Archipelago. 

Up  to  the  present  time  the  existence  of  visceral  leishmaniasis  or  true 
kala-azar  in  the  Western  Hemisphere  has  not  been  demonstrated.  It  is 
true  that  in  1897  a  case  was  reported  at  Asuncion  in  Paraguay,  but  the 
patient  was  an  Italian,  forty-seven  years  of  age,  and  where  he  became 
infected  is  not  known.  There  is  an  American  leishmaniasis  which  affects 
the  skin  and  mucous  membrane  and  which  will  be  discussed  later. 

Seasonal  Relations. — It  will  be  seen  from  its  geographical  distribution 
that  kala-azar  is  endemic  only  in  tropical  and  subtropical  countries.  From 
the  fact  that  he  did  not  get  growths  in  his  blood  cultures  until  he  lowered 
the  temperature  to  22°  C,  Rogers  believes  that  the  flagellated  form  of  this 
virus  or  its  extracorporeal  development  can  occur  only  when  the  tempera- 
ture of  the  air  is  not  above  75°  F.     This  fits  in  with  the  theorv  that  a 
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period  of  the  life-cycle  of  this  virus  occurs  in  some  insect.    On  this  point, 
Rogers  writes : 

* '  Taking  everytliiug  iuto  consideration,  I  think  there  is  sufficient  evidence  to  prove 
that  the  great  majority  of  patients  become  infected  in  the  cold  season,  and  I  am  in- 
clined to  think  that  infection  will  ultimately  be  found  to  be  limited  to  this  time  of 
the  year.  The  importance  of  this  fact  in  connection  Avith  prophylactic  measures  is 
clear,  as  it  will  greatly  simplify  matters  if .  precautions  against  infection  have  only 
to  be  taken  during  a  few  months  of  the  year." 

According  to  James,  kala-azar  is  ordinarily  confined  to  low,  humid  places 
along  water  courses  and  where  rain  is  frequent  and  abundant.  According 
to  Lignos,  on  the  Island  of  Hydra,  kala-azar  reaches  its  greatest  intensity 
in  winter  and  completely  disappears  in  summer.  It  may  be  said  that  on 
this  Island  the  average  temperature  from  November  to  April  runs  from 
18°  to  22°  C.  and  it  is  during  this  time  that  the  greatest  number  of  cases 
develop.  Basile  takes  the  winter  temperature  of  Hydra,  Sicily,  and  other 
Mediterranean  Islands  in  which  kala-azar  is  known,  as  an  indication  that 
the  parasite  requires  an  intermediate  cold-blooded  host  in  the  cycle  of  its 
development. 

Susceptibility. — In  India,  all  ages  and  both  sexes  are  susceptible,  but, 
quite  naturally,  the  greater  number  of  cases  appear  in  children.  In  the 
Mediterranean  region  children,  and  especially  young  children,  are  so 
greatly  in  excess  among  those  infected  that,  as  we  have  seen,  the  disease 
is  known  as  infantile  kala-azar.  In  the  endemic  areas,  Caucasian  visitors, 
although  not  wholly  exempt,  rarely  become  infected.  This,  however,  is 
dependent  upon  the  intimacy  with  which  they  come  into  contact  with  the 
natives.  Price  says  that  he  Imows  of  no  instance  in  which  a  European 
who  cohabited  with  an  infected  native  woman  escaped  kala-azar.  This 
does  not  mean  that  the  disease  is  venereal,  but  it  suggests  the  transmission 
of  the  parasite  by  some  insect  which  clings  rather  closely  to  the  body,  such 
as  a  bedbug,  louse,  or  flea. 

From  a  study  of  the  epidemiology  of  this  disease,  we  conclude  that  close 
contact,  such  as  exists  between  members  of  the  same  famil^T;.  or  those  oc- 
cupying the  same  house,  is  essential  in  its  distribution.  On  this  point, 
Rogers  says : 

"Several  of  the  cases  already  referred  to  illustrate  very  well  the  extraordinary 
tendency  of  this  disease  to  attack  a  number  of  persons  in  the  same  family  or  house- 
hold, but  the  frequency  with  which  this  is  the  case  Will  be  better  realized  from  the 
following  figures  relating  to  20  successive  Assamese  patients  seen  in  the  Nowgong  Hos- 
pital. Among  their  near  relatives  no  less  than  123  persons  had  been  attacked  by  kala- 
azar,  only  two  of  whom  recovered  while  but  44  of  their  near  relatives  had  escaped  the 
infection;  or  to  put  it  another  way,  no  less  than  four-fifths  of  these  patients  had  lost 
half  or  more  than  half  of  their  relatives  within  three  to  five  years,  so  that  it  is  easy 
to  understand  how  whole  families  have  been  destroyed,  and  so  much  land  has  fallen  out 
of  cultivation." 
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Transmission.- — A  strong  impression  has  been  made  upon  students  of 
this  disease  that  it  is  transmitted  by  means  of  some  biting  insect.  In 
India  the  bedbug,  Clinocorosis  rotundatus,  has  been  suspected,  and  Patton 
has  shown  that  when  these  insects  are  fed  on  cells  containing  the  virus 
the  parasite  in  the  insect  develops  into  flagellated  forms.  This  develop- 
ment is  not  influenced  by  the  temperature  of  the  air.  However,  flagellated 
forms  of  similar  parasites  are  found  in  this  bug  and  the  evidence  that  it 
is  concerned  in  the  transmission  of  kala-azar  still  remains  incomplete.  We 
have  already  called  attention  to  the  close  coincidence  between  infantile 
and  canine  kala-azar  in  the  Mediterranean  area,  and  some  strong  experi- 
mental evidence  justifies  the  suggestion  that  the  parasite  is  transferred 
from  dogs  to  children  by  the  fleas  which  infest  the  former.  In  endemic 
areas  in  India,  dogs  exhibit  a  high  degree  of  immunity  to  this  infection 
and  succumb  to  experimental  inoculation  only  when  massive  doses  are 
given.  We  have  already  called  attention  to  Archibald's  theory  that  in 
the  Sudan  infection  takes  place  through  the  alimentary  canal  and  is  due 
to  contaminated  drinking  water.  In  the  course  of  the  disease  there  are 
frequently  intestinal  ulcerations  and  it  is  altogether  probable  that  the 
feces  from  such  cases  carry  the  virus.  In  India  the  progress  of  epidemics 
of  this  disease  does  not  support  the  theory  that  the  infection  is  water 
borne.  It  is  possible  that  the  disease  may  be  transmitted  by  more  than 
one  agency.  However,  the  problem  of  its  transmission  in  the  different 
endemic  areas  must  be  solved  before  the  eradication  of  the  disease  can  be 
accomplished.  Manson,  who  speaks  with  authority,  makes  the  following- 
statement  : 

"Under  natural  conditions  kala-azar,  like  other  diseases  caused  by  similar  protozoal 
organism,  is  probably  transmitted  by  a  living  agent.  There  are  certain  facts,  however, 
which  tend  to  suggest  that  the  carrier  need  not  necessarily  be  a  blood-sucking  animal. 
In  the  first  place,  the  parasite  in  man  is  not,  as  a  rule,  in  great  abundance  in  the 
peripheral  circulation.  Secondly,  the  parasite  is  often  present  in  ulcerations  of  the 
skin  and  of  the  intestinal  mucosa,  suggesting  elimination  by  these  organs.  Mackie 
has  found  leishman-like  bodies  in  the  mucus  of  dysenteric  cases  of  kala-azar.  Tliirdly, 
we  knoAv  that  although  some  species  of  Herpetomonas  are  fostered  by  blood-sucking 
flies,  such  as  Tabanws  and  Hernatopota,  others  are  found  in  nonbiting  forms,  such  as 
Miisca,  SarcopJhaga,  Pollenia,  and  Fucellia,  which  could  become  infected  only  by  set- 
tling on  ulcerations  or  on  fecal  matter.  It  is  conceivable  that  such  insects  might  trans- 
mit the  infection  of  kala-azar  by  depositing  the  parasites  on  wounds  and  abraded  sur- 
faces. It  has  been  suggested  that  there  is  a  reservoir  for  leishmania  in  some  of  the 
lower  animals,  e.  g.,  the  house  lizard.  The  history  of  the  Assam  epidemic  is  against 
this  view,  for  it  has  been  definitely  shown  that  the  disease  was  introduced  and  spread 
by  man,  and  that  it  did  not  pre-exist  in  the  invaded  districts,  as  would  have  been  the 
case  had  there  been  an  animal  reserA'oir. " 

Eradication. — In  the  Assam  epidemic  Rogers  proceeded  in  his  pro- 
phylactic measures  on  the  assumption  of  house  infection.  He  moved  in- 
fected villages  and  found  that  when  the  new  village  was  located  only  400 
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yards  from  the  old  one,  infection  in  the  former  did  not  appear,  while  in 
the  latter  it  sometimes  continued  for  years.  Quite  obviously,  there  are  de- 
fects in  this  method  of  dealing  with  a  disease.  No  sharp  line  between  the 
infected  and  the  uninfected  can  be  drawn  and  it  must  necessarily  happen 
that  infected  persons  along  with  the  uninfected  will  be  transferred  to  the 
new  village  carrying  with  them  the  infection.  It  w^as  easy  enough  to  do 
as  Rogers  did  and  to  see  that  freshly  imported  coolies  on  the  tea  plantations 
of  Assam  did  not  get  into  the  old  infected  villages  but  were  located  in 
newly-built  huts  apart  from  the  natives  and  intercommunication  denied, 
On  this  point,  Eogers  says : 

"I  have  already  mentioned  the  partial  success  of  moving  infected  villages  to  new 
sites  but  a  short  distance  away,  which,  taken  with  the  strong  evidence  I  collected  in 
1897  as  to  the  infection  being  a  house  one,  appeared  to  me  to  afford  the  most  promising 
basis  for  preventive  measures.  Finding  also  that  over  a  year  before  I  went  to  Assam 
Dr.  Dodds  Price,  suspecting  the  disease  to  be  infectious,  had  placed  150  out  of  200 
freshly  imported  coolies  in  newly-built  lines  of  houses,  while  the  remaining  50  had  to 
be  accommodated  in  infected  lines  for  want  of  room,  I  got  him  to  work  out  the  result 
of  this  measure.  It  was  thus  ascertained  that  although  none  of  the  150  in  the  new 
lines  had  suffered  from  kala-azar  during  two  years  they  had  been  on  this  badly  in- 
fected tea  garden,  yet  no  less  than  eight,  or  sixteen  per  cent,  of  those  placed  in  the 
old  lines  were  already  dead  of  the  disease,  and  that,  too,  in  spite  of  the  fact  that  the 
new  lines  were  but  300  yards  from  the  old  ones,  a  distance  insufficient  to  prevent  the 
spread  of  malaria  through  the  agency  of  mosquitoes." 

After  a  most  careful  reading  of  the  excellent  report  by  Rogers,  we 
are  convinced  that  his  measures  did  protect  immigrants  into  the  infected 
region,  but  we  are  not  so  sure  that  his  work  was  highly  efficacious  in  even 
limiting  the  disease  among  the  natives.  We  have  the  impression  that 
among  the  latter  the  epidemic  raged  until  it  burned  itself  out. 

There  are  certain  obvious  things  to  be  done  in  attempts  to  limit  and 
finally  to  exterminate  this  disease.  In  the  first  place,  thorough  sanita- 
tion, with  hygienic  housing,  the  destruction  of  house  insects,  the  killing 
of  infected  dogs,  the  prevention  of  intimate  contact  between  all  dogs  and 
children,  the  elevation  of  the  plane  of  living  of  the  common  people,  pro- 
vision for  their  personal  cleanliness,  the  prevention  of  overcrowding,  the 
installation  of  uncontaminated  Avater-supplies  and  of  continued  sewage 
disposal ;  when  these  things  are  done  and  their  benefits  secured  for  the 
masses  of  the  people  in  endemic  areas,  the  boundaries  of  these  regions  will 
gradually  contract  and  ultiniatel,y  disappear. 
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II.  CUTANEOUS  LEISHMANIASIS 
Leishmaniasis  tropica;  Oriental  sore;  Aleppo  boil;  Delhi  boil;  etc. 

Description. — There  occurs  in  certain  localities  in  tropical  and  sub- 
tropical countries  frequent  infection  with  a  virus  which  causes  the  de- 
velopment of  persistent  single  or  multiple  boils  or  sores.  Many  localities 
have  acquired  unenviable  reputations  on  account  of  the  prevalence  of  this 
affection  among  the  inhabitants.  This  fact  has  given  rise  to  a  variety  of 
names,  such  as  Delhi,  Aleppo,  Bagdad,  Oriental  boil.  There  may  be  only 
one  sore,  but  since  the  disease  is  auto-inoculable  the  number  that  may  fol- 
low scratching  with  infected  nails  is  unlimited.  The  sore  is  slow  in  de- 
velopment, persistent  in  its  maturit}',  and  tardy  in  its  disappearance.  In 
some  endemic  localities  it  is  known  as  ''yearly  boil,"  indicating  that  its 
victim  may  expect  to  bear  his  infliction  for  12  months  or  longer.  Usually 
the  sores  are  located  on  the  uncovered  parts  of  the  body,  such  as  the  arms, 
head,  face,  ears,'  feet,  and. legs.  In  experimental  inoculation,  from  a  few 
days  to  six  or  seven  months  elapse  before  there  is  any  sign  of  local  re- 
action.    On  this  point  Manson  writes : 

"The  incubation  period  of  Oriental  sore  is  variously  stated  in  days,  weeks,  or 
months.  That  it  may  be  a  brief  one,  a  few  days  or  weeks,  seems  to  be  established  by 
the  appearance  of  the  sore  within  a  short  time  of  arrival  in  endemic  districts,  or  after 
inoculation.  That  it  can  be  of  much  longer  duration  is  equally  certain.  Manson  saw 
an  unquestionable  Oriental  sore  which  did  not  appear  until  five  months  after  the  patient 
had  been  exposed  to  any  possibility  of  infection.  Weuyon  inoculated  himself  with 
Oriental  sore  in  Aleppo;  it  was- not  until  six  and  a  half  months  later  that  a  leishman- 
containing  papule,  subsequently  developing  into  a,  sore,  appeared  at  the  site  of  inocula- 
tion. In  other  cases  the  incubation  period  has  been  as  much  as  fifteen  mouths,  or  even 
longer. 

"There  is  very  little  reliable  information  about  the  presence  or  absence  of  constitu- 
tional symptoms.  It  is  customary  to  describe  the  disease  as  nonfebrile.  This  may  be 
true  in  most  cases,  but  it  is  not  invariably  so.  It  is  obvious  that  in  a  disease  with,  at 
least  in  some  instances,  a  very  prolonged  incubation  period,  slight  or  even  severe  fever 
might  be  overlooked  or  misiuterpreted.  Oriental  sore  produces  an  immunity  against 
itself.  There  must,  therefore,  be  profound  constitutional  change.  In  other  diseases 
attended  with  similar  change,  fever  is  almost  invariably  present  at  one  time  or  another 
in  their  course.  In  the  case  just  alluded  to  as  occurring  in  Manson 's  experience,  a 
severe  anomalous  fever,  of  five  or  six  weeks'  duration,  preceded  by  eight  months  the 
appearance   of   the   local   lesions.      In   Weuyon 's   case   the   development    of    the   initial 
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papule  was  preceded  by  smart  fever  supposed  at  the  time  to  be  influenzal.  Seeing,  as 
has  been  pointed  out,  close  connection  of  Oriental  sore  with  kala-azar,  this  question  of 
the  constitutional  symptoms  in  the  milder  disease  is  an  important  one,  and  should  be 
carefully  studied. ' ' 

The  initial  appearance  is  in  the  form  of  a  small  papule,  hard  to  the  touch, 
and  made  up  of  infiltrated  cutaneous  tissue.  Later  the  surface  is  scal}^, 
dry,  and  white.  This  covering  becomes  moister,  thicker,  browner,  and 
when  removed  or  when  it  drops  off,  there  remains  a  shallow  ulcer.  This 
discharges  a  purulent  material  and  continues  to  grow  larger  by  under- 
mining and  destroying  the  dermis.  When  fully  developed  the  ulcers  are 
generally  about  an  inch  in  diameter,  although  larger  ones  may  appear. 
The  depth  of  the  ulcer  is  quite  variable.  It  is  not  accompanied  by  much 
pain.  The  tendency  is  to  slow  granulation  and  healing,  which,  as  has  been 
stated,  usually  requires  several  months.  Death  may  occur  from  complica- 
tions and  more  serious  infections,  but  uncomplicated  cutaneous  leishman- 
iasis is  not  a  fatal  disease.  The  parasites  may  be  found  by  smears  made 
from  the  ulcer  and  stained  by  the  Romanowsky  method  or  some  modifica- 
tion of  this  method,  such  as  that  of  Leishman  or  Giemsa.  According  to 
Castellani  and  Chalmers,  there  are  the  following  varieties  of  Oriental  sore : 
(1)  Oriental  sore  as  it  usually  occurs  in  Asia,  Africa,  and  south  Europe, 
consists  of  one  or  more  nodules,  which  slowly  ulcerate  and  gradually  heal 
by  granulation;  (2)  the  wart}^  or  verrucose  variety,  which  has  been  ob- 
served by  Ferguson,  Richards  and  Archibald  in  the  Sudan;  (3)  the  keloid 
form,  in  which  the  nodules  are  pinkish,  hard,  and  do  not  ulcerate;  (4)  the 
framboesic  form,  fairly  common  in  the  West  Indies,  where  it  is  known  as 
forest  yaws;  (5)  the  papillomatous  variety,  most  frequently  seen  in  South 
America,  especially  along  the  Amazon,  where  it  is  said  to  afflict  not  only 
man,  but  horses,  mules,  and  donkeys. 

In  1756  Russell,  after  having  practiced  medicine  in  Aleppo  for  13  years, 
wrote  an  interesting  book,  entitled,  "The  Natural  History  of  Aleppo  and 
Parts  Adjacent,"  in  which  he  describes  the  sore  which  has  given  to  this 
city  an  unenviable  reputation : 

' '  The  natives  reckon  but  two  species  of  this  disorder,  and  distinguish  them  by  the 
names  of  male  and  female;  but  there  is  a  third  kind  of  cutaneous  distemper,  wliich, 
though  it  is  commonly  ascribed  to  the  bite  or  sting  of  a  common  millipedes,  or  Avood- 
louse,  seems  to  me  to  be  altogether  of  the  same  nature,  though  milder  in  degree. 

"What  they  call  the  male  distemper,  makes  its  appearance  in  the  form  of  a  small, 
red,  hard  tubercle  or  pimple,  which  commonly  passes  some  weeks  unregarded,  as  it  gives 
no  manner  of  uneasiness;  afterwards  it  begins  to  encrease,  and  usually  comes  to  the 
size  of  an  English  sixpence,  which,  after  some  months,  begins  to  be  scurfy  on  the  top; 
by  degrees  the  little  matter  that  oozes  out  of  it,  forms  into  a  thick  crusty  scab;  which, 
unless  it  is  picked  off,  or  otherwise  disturbed,  remains  upon  it  till  the  parts  underneath 
being  healed,  it  falls  off,  and  leaves  but  a  very  small  mark.  The  whole  of  its  duration 
is  seldom  above  eight  months. 

' '  Wliat  is  called  the  female  species  begins  like  the  former ;   but  after  a  month  or 
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two  it  becomes  somewhat  paiuful,  eucreases  often  to  double  the  extent  of  the  male,  dis- 
charges a  good  deal  of  the  ichorous  matter  from  under  the  scab,  and  by  degrees  comes 
to  have  the  appearance  of  an  indigested  scorbutic  ulcer,  with  a  livid  circle  round  it; 
but  seems  to  be  no  deeper  than  the  tunica  oellulosa.  In  this  condition  it  remains  for 
several  months,  and  is  in  general  about  a  year  from  its  first  appearance  before  it  is 
cured;  but  this  is  not  a  thing  certain,  many  getting  well  some  months  sooner,  while 
others  remain  severaj.  months  longer.  After  it  is  cicatrized,  it  leaves  an  ugly  soar, 
which  remains  thro'  life,  and  for  many  months  has  a  livid  color.  When  they  are  not 
irritated,  they  seldom  give  much  pain. 

' '  The  third  kind  of  Mai,  which  they  call  the  pinch  of  a  millipedes,  begins  like  the 
two  others,  but  seldom  gi-ows  larger  than  about  twice  the  size  of  a  large  pin's  head, 
and  never  changes  its  appearance,  remaining  a  small  tubercle  for  many  mouths,  without 
any  pain,  after  which  it  usually  throws  off  a  few  scurfy  scales  and  disappears;  but 
some  remain  a  much  longer  time. 

"It  affects  the  natives  when  they  are  children,  and  generally  aj)pears  in  the  face, 
though  they  also  have  some  on  their  extremities;  for  most  of  them  have  two,  three,  or 
sometimes  more,  it  being  rare  that  they  have  but  one.  In  strangers,  it  commonly  ap- 
pears some  months  after  their  arrival;  and  they  have  them  not  so  frequently  on  the 
face  as  the  natives;  very  few  escape  having  them,  but  they  seldom  affect  the  same  person 
above  once;  dogs  and  cats  are  as  subject  to  the  disease  as  men;  it  commonly  breaks  out 
upon  the  nose  of  these  creatures. ' ' 

History. — The  first  information  concerning  this  disease  furnished  to 
the  modern  world  is  found  in  the  book  by  Russell  to  Avhich  we  have  just 
referred.  This  was  followed  by  similar  reports  by  Hasselquist  (1758), 
HoUande  (1778),  and  Volney  (1787).  In  1829  Alibert,  in  1833'  Guilhou, 
and  in  1854  Willemin,  added  to  our  knoAvledge  of  Aleppo  boil. 

In  1844  a  French  expedition  against  certain  tribes  in  southern  Algeria 
reached  the  Oasis  of  Biskra.  In  the  camp  at  this  oasis  were  450  chasseurs 
of  the  Third  African  Battalion.  At  first,  these  men  were  more  or  less 
affected  with  diarrheas,  malarial  fevers,  and  ophthalmias,  but  at  the  on- 
coming of  winter,  all,  with  the  exception  of  the  officers,  developed  cutane- 
ous sores.  Seventy-five  of  these  were  sent  in  January,  1845,  to  the  hospital 
at  Constantine,  and  later  Biskra  was  wholly  abandoned.  The  nature  of 
the  disease  manifesting  these  cutaneous  lesions  was  wholly  unknown  and 
it  was  believed  that  the  men  had  been  stricken  with  leprosy.  Later  it  Avas 
shown  that  Biskra  boil  or  sore  was  identical  with  that  which  had  long 
been  known  at  Aleppo.  Various  theories  were  advanced  to  account  for 
the  specific  insalubritj^  of  the  location.  It  was  suggested  that  it  was  due 
to  the  effect  of  the  excessive  heat  upon  the  wet  grounds,  that  it  might  be 
caused  by  the  fine  sand  carried  in  the  winds  from  the  Sahara  Desert,  and 
that  it  was  due  to  some  inorganic  constituent  of  the  drinking  water,  the 
sulphate  of  lime  being  especially  suspected.  Others  Avere  more  general 
in  their  theoretical  explanations,  and  believed  that  the  sores  resulted  from 
the  unknown  miasms  of  the  locality.  In  1875  Weber,  believing  that  Biskra 
boil  Avould  prove  to  be  an  inoculable  disease  due  to  a  parasite,  sent  a  sec- 
tion of  the  tissue,  preserved  in  alcohol,-  to  Carter  in  India  for  comparison 
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with  Delhi  boil  and  such  other  investigations  as  he  might  choose  to  make. 
In  these  preparations  Carter  found  fungi  with  spores.  In  1880  Laveran 
studied  the  affection  at  Biskra,  convinced  himself  that  it  was  transmissible, 
believed  it  to  be  due  to  a  bacterium,  and  suggested  that  the  local  mosquito 
might  play  an  important  part  in  the  transmission  of  the  virus.  In  1885 
Cunningham,  in  India  detected  certain  parasitic  bodies,  often  enclosed  in 
cells,  which  he  believed  to  be  stages  in  the  development  of  a  mycetozoal 
parasite  belonging  to  the  group  of  monadidae.  In  1891  Firth,  studying 
Delhi  boil,  confirmed  the  finding  of  Cunningham,  and  proposed  to  name 
the  parasite  Sporozoon  furunculosum.  It  has  been  suggested  in  recent 
years  that  the  organisms  seen  by  Cunningham  and  Firth  were  actually 
what  are  now  known  as  leishman  bodies.  About  the  same  time,  Boinet 
isolated  from  Oriental  sore  and  obtained  in  pure  cultures,  an  organism 
with  which  he  claims  to  have  inoculated  men,  horses,  clogs,  rabbits,  and 
guinea  pigs,  developing  in  them  lesions  similar  to  those  of  Oriental  sore. 
Duclaux,  Chantemesse,  and  others,  found  in  Oriental  sore  a  micrococcus 
which  was  pathogenic  to  certain  laboratory  animals,  especially  the  rabbit. 
Nicolle  found,  both  in  suppurating  and  nonsuppurating'  Aleppo  boils,  a 
streptococcus  which  he  believed  to  be  the  cause  of  the  disease.  Certain 
other  investigators  came  to  the  same  conclusion. 

The  honor  of  discovering  the  actual  cause  of  Oriental  sore  is  conceded 
to  an  American,  Wright,  of  Boston.  On  the  twenty-eighth  of  July,  1903, 
a  girl  of  nine  years  of  age  was  admitted  to  the  Massachusetts  General 
Hospital.  She  had  on  her  face  a  typical  Oriental  boil.  She  was  a  native 
of  Armenia,  had  been  in  this  country  only  a  short  time,  and  had  developed 
the  sore  about  two  months  before  she  left  Armenia.  Greenough,  into 
whose  service  the  child  was  admitted,  excised  some  of  the  tissue  and  turned 
it  over  to  Wright  for  examination.  The  best  preparations  were  obtained 
by  fixation  with  pure  methyl  alcohol  and  coloration  by  Wright's  modifica- 
tion of  Eomanowsky's  stain.  The  bodies  which  attracted  Wright's  atten- 
tion were,  generally  round  and  measured  from  two  to  four  microns  in 
diameter.  The  striking  thing  in  these  bodies  was  the  presence  in  each  of 
two  chromophil  masses,  one  large  and  the  other  small.  The  larger  was 
usually  round  with  a  diameter  from  one-fourth  to  one-third  that  of  the 
parasite.  The  smaller  mass  was  rod  shaped  and  was  found  to  take  the 
stain  more  freely  than  did  the  larger  mass.  These  parasites  w^ere  found 
to  be  very  numerous  in  smears  made  from  the  tissue.  Wright's  report 
was  excellently  illustrated  by  microphotographs  and  his  demonstration 
was  satisfactory  in  every  way.  He  proposed  to  name  this  organism  Hel- 
cosoma  tropicum  (tropical  boil  or  sore).  It  is  worthy  of  note  that 
Wi-ight's  publication  appeared  in  the  same  year  as  did  those  of  Leishman 
and  Donovan.  It  is  evident  from  their  first  descriptions  that  these  three 
men  had  found  parasites  which  are   at  least  morphologically  identical. 
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Since  Wright's  discovery  this  parasite  has  been  found  in  cutaneous  leisli- 
nianiasis  in  practically  every  country  in  which  this  disease  is  endemic — 
in  India,  Turkestan,  Abyssinia,  Sudan,  northern  Africa,  the  Mediter- 
ranean Islands,  and  the  Mediterranean  Coast  of  Europe.  The  identity  of 
Wright's  organism  and  that  of  Leishman  and  Donovan,  so  far  as  their 
morphology  is  concerned,  seems  to  have  been  fully  established.  The  name 
given  by  Wright  to  his  organism  was  for  a  while  changed  to  L.  tropica, 
but,  as  we  have  just  stated,  L.  tropica  and  L.  donovani  are  now  regarded 
as  morphologically  identical ;  notwithstanding  this,  they  produce  two  quite 
distinct  diseases.     Castellani  and  Chalmers  say : 

"Kala-azar  infection  in  dogs  affords  immuinty  against  L.  tropica  during  and  after 
the  attack;  Oriental  sore  j)i'otects  monkeys  partially  or  completely  against  L.  donovani." 

It  is  interesting  to  note  in  this  connection  that  there  is  a  statement  oc- 
curring here  and  there  in  the  literature  of  this  disease  that  the  Jews  of 
Bagdad  formerly  inoculated  their  children  with  matter  taken  from  an 
Oriental  sore  in  order  to  protect  them  against  this  disease. 

Geographical  Distribution. — In  discussing  the  geographical  distribu- 
tion of  kala-azar,  we  pointed  out  that  in  most  endemic  areas  that  disease 
and  cutaneous  leishmaniasis  or  Oriental  sore  do  not  occur  in  the  same 
area,  with  an  exception  in  southern  Italy  and  Sicily.  Aleppo  boil  is  quite 
common  in  the  city  whose  name  it  bears,  less  common  but  still  existent  in 
the  country  ronndabout,  extending  over  Palestine,  in  the  Caucasus,  the 
Transcaucasus,  Persia,  and  Turkestan.  In  Teheran  the  disease  is  fre- 
quently seen  in  both  men  and  dogs.  In  Mesopotamia  it  is  found  in  vil- 
lages, in  the  valleys  of  the  Tigris  and  Euphrates,  but  most  abundantly  in 
the  City  of  Bagdad.  Laveran  saj's  that  the  "pendeh  sore,"  so-called  from 
an  oasis  in  Transcaspania,  is  identical  with  Oriental  sore.  According  to 
Yakimoff,  cutaneous  leishmaniasis  is  very  frequent  in  Turkestan,  with  its 
trade  centers  of  Boukhara,  Samareand,  and  Askhabad. 

We  have  already  referred  to  the  severe  outbreak  of  Oriental  sore  in  the 
French  garrison  at  Biskra  in  1844.  Since  that  time  endemic  areas  of  this 
disease  have  been  found  widely  distributed  throughout  the  southern  por- 
tions of  those  African  provinces  occupied  by  the  French.  These  endemic 
areas  are  small  and  widely  separated.  For  the  most  part  they  are  oases 
in  the  great  desert,  some  of  which  are  those  of  Tuggart,  320  km.  south- 
east of  Biskra;  of  Laghouat,  360  km.  south  of  Algiers,  and  of  Ouargla. 
800  km.  southeast  of  Algiers.  Only  isolated  cases  are  seen  in  the  northern 
parts  of  Algiers  and  Tunis  and  most,  if  not  all,  of  these  have  visited  some 
endemic  locality  farther  south.  French  students  of  the  two  forms  of  leish- 
maniasis found  in  Algiers  and  Tunis  are  inclined  to  the  opinion  that  kala- 
azar  is  endemic  only  in  places  north  of  the  thirty-fifth  parallel,  while 
cutaneous  leishmaniasis  is  endemic  only  in  places  south  of  this  i^arallel. 
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In  Egypt,  Oriental  sore,  under  the  name  of  Nile  boil,  is  seen  at  Cairo 
and  Suez.  In  Abyssinia  this  disease  is  reported  to  be  quite  frequent  and 
the  specific  organism  has  been  demonstrated  in  the  tissue. 

Sporadic  cases  have  been  reported  in  Greece  and  Italy.  In  Italy  and 
Sicily  the  apparent  antagonism  so  far  as  geographical  distribution  is  con- 
cerned, so  apparent  in  India  and  northern  Africa,  is  not  observed.  Cu- 
taneous leishmaniasis,  along  with  true  kala-azar,  is  reported  from  time  to 
time  in  various  cities  in  Sicily  and  along  the  Calabrian  Coast  in  Italy. 
The  existence  of  this  form  of  leishmaniasis  in  the  East  Indies  and  in  the 
Malay  Archipelago  is  still  a  matter  of  doubt.  Strong  studied  a  sore  in  a 
native  woman  of  Manila  and  he  found  bodies  bearing  some  resemblance 
to  Wright's  parasite,  but  he  was  not  able  to  convince  himself  that  this  was 
not  due  to  a  blastomycetic  organism.  American  leishmaniasis  will  be  dis- 
cussed in  the  next  section. 

Seasonal  Influence. — In  northern  Africa  the  seasonal  influence  on  the 
development  of  new  cases  of  this  disease  seems  to  be  quite  uniform.  At 
Biskra  and  other  endemic  centers  new  sores  are  most  in  evidence  after  the 
extreme  hot  weather  of  summer  is  past  and  as  fall  comes  on.  Laveran 
says: 

"The  influence  of  season  on  endemic  Oriental  sore  is  very  constant  ajid  remarkable; 
it  is  principally  the  months  of  September  and  October  that  the  disease  appears;  it 
prevails  with  more  or  less  frequency  during  the  remainder  of  the  year;  but  after  Feb- 
ruary new  cases  are  seldom  seen. ' ' 

Numerous  other  French  authorities  make  practically  the  same  statement. 
In  the  Caucasus  most  cases  develop  in  September  and  October,  Writing 
of  "pendeh  boil"  in  the  Transcaspian,  Heydenreich  says  that  this  afflic- 
tion is  most  in  evidence  in  the  summer  months- — July,  August  and  Sep- 
tember. In  India  the  cold  season  apparently  favors  the  development  of 
the  disease.  In  a  French  expedition  sent  into  central  Asia  in  1885  and 
which  terminated  in  the  Battle  of  Kuschka,  in  some  companies  the  per- 
centage of  soldiers  infected  with  Oriental  sore  was  from  eighty-eight  to 
one  hundred. 

Susceptibility. — Race  apparently  is  without  influence  upon  suscepti- 
bility. Social  conditions  are  likewise  without  effect.  In  garrisons,  both 
privates  and  officers  are  equally  involved.  At  Delhi,  Lahore,  and  Camba}', 
the  higher  caste  natives  are  apparently  just  as  susceptible  to  this  disease 
as  their  inferiors,  notwithstanding  the  fact  that  the  former  live  under 
better  sanitary  surroundings.  Apparently  it  is  only  necessary  to  enter 
an  endemic  area  in  order  to  be  infected.  Weber  states  that  French  of- 
ficers, also  tourists,  arriving  at  Biskra  in  October  or  early  NoA''ember,  are 
likely  to  develop  the  disease  after  a  few  daj^s,  while  those  arriving  in  late 
November  or  December  are  less  likely  to  quickly  acquire  the  disease.  Ac- 
cording to  Hussenet,  a  compaii}^  of  men  arrived  at  El  Guettar  on  the 
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ninth  of  September,  1883,  and  nearly  all  of  these  soon  had  the  sore,  while 
a  battalion  arrived  in  the  same  locality  at  the  end  of  November  and  no 
man  in  this  company  was  infected. 

Transmission. — As  we  have  already  stated,  this  disease  has  been  ex- 
perimentally induced  by  direct  inoculation  and  it  is  auto-inoculable. 
According  to  Laveran,  the  slightest  wound  received  while  sojourning  at 
Biskra  during  certain  months  is  quite  likely  to  be  followed  by  the  develop- 
ment of  Oriental  sore.  It  seems  that  in  certain  localities,  like  Aleppo  and 
Biskra,  the  infectious  material  is  so  widely,  so  abundantly,  and  so  uni- 
formly attached  to  everything  animate  and  inanimate  that  a  break  in  the 
continuity  of  the  skin  is  the  only  accident  necessary  to  the  acquirement 
of  the  infection.  There  can  be  scarcely  a  doubt  that  any  insect  which 
inhabits  or  even  occasionally  visits  the  cutaneous  surface  of  man  may  be 
the  carrier  of  this  infection.  It  is  not  necessary  that  this  insect  be  a  biting 
one,  provided  an  opening  into  or  through  the  skin  has  already  been  made. 
Quite  naturally,  if  the  insect  be  able  to  inflict  a  wound  on  the  skin  and  at 
the  same  time  be  the  bearer  of  the  virus  the  probability  of  infection  is 
increased;  in  other  words,  this  disease  is  spread  from  man  to  man  by 
contact,  which  may  be  either  direct  or  indirect.  In  certain  localities  man 
is  not  the  only  animal  which  bears  these  sores,  the  matter  from  which  is 
widely  distributed  throughout  the  locality.  In  the  history  of  his  Journey 
to  Aleppo  in  1854,  Willemin  tells  of  dogs  bearing  the  sores  on  their  noses, 
as  well  as  on  other  parts  of  their  anatomy.  One  can  hardly  imagine  a 
more  efficient  agent  for  smearing  an  infection  over  everything  in  a  village 
or  city  than  dogs,  with  infected  running  sores,  possibly  on  their  feet,  legs, 
and  especially  on  their  noses.  Similar  observations  concerning  dogs  mth 
this  form  of  leishmaniasis  come  from  practically  every  known  endemic 
area.  Laveran  is  responsible  for  the  statement  that  of  21  dogs  picked 
up  at  random  in  a  street  in  Teheran,  15  carried  Oriental  sores.  These 
ulcerations  were  distributed  over  the  body,  the  legs,  the  ears,  the  prepuce, 
the  vulva,  but  especially  on  and  within  the  nose.  There  is  no  doubt  that 
in  many  localities  the  dog  plays  a  large  part  in  the  transmission  of  this 
infection  and  from  this  animal,  as  from  an  infected  fellow  man,  either 
by  direct  or  indirect  contact,  a  susceptible  individual  may  acquire  the 
disease.  "We  would  not  imply  that  the  dog  is  the  only  animal  or  agent 
engaged  in  the  transportation  and  distribution  of  this  virus.  There  are 
endemic  areas  in  which  the  dog,  especially  the  infected  dog,  is  not  greatlj^ 
in  evidence.  Nicolle  and  Manceaux  have  made  many  experiments  inocu- 
lating dogs  with  matter  taken  from  Oriental  sore  on  man.  When  these 
inoculations  have  been  made  on  or  within  the  nose  or  about  the  face,  there 
is  a  period  of  about  36  days  before  an  induration  appears  at  tlie  point 
of  inoculation.  This  subsequently  goes  through  all  the  stages  observable 
in  man.     The  testimony  is  that  after  complete  recovery  from  one  attack 
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of  this  disease  or  from  the  effects  of  one  inoculation,  the  clog'  is  siubse- 
ciuently  immune  to  it.  The  cat  is  another  children's  pet  and  playmate 
which  is  naturally  susceptible  to  the  disease.  Rats,  mice,  and  guinea  pigs 
are  inoculable,  but,  so  far  as  we  know,  there  is  no  evidence  that  this  dis- 
ease ever  occurs  naturally  in  these  animals.  All  the  species  of  monkeys 
in  northern  Africa  tested  have  developed  this  disease  after  inoculation. 
Nicolle  and  Manceanx  inoculated  without  success  donkeys,  horses,  sheep, 
rabbits,  pigeons,  and  cold-blooded  animals,  such  as  lizards. 
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III.  MUCO-CUTANEOUS  LEISHMANIASIS 

Leishmaniasis  americana;  Espundia 

Description. — This  disease  is  characterized  by  the  appearance  of  one 
or  more  cutaneous  sores,  which  are  accompanied,  or  followed  after  long 
or  .short  intervals,  by  ulcerations  in  the  mucous  membrane  of  the  nose, 
mouth,  and  pharynx.  The  primary  or  cutaneous  lesion  or  lesions  may, 
according  to  Laveran,  be  ulcerous  or  nonulcerous.  They  may  be  single 
or  multiple  and  usually  there  are  only  two  or  three,  but  Matta  counted  51 
distributed  over  the  body  of  one  patient.  Since  the  virus  is  auto-inocu- 
lable,  there  is  in  most  instances  abundant  opportunity  for  the  develop- 
ment of  multiple  sores.  They  appear  most  commonly  on  the  uncovered 
portions  of  the  body  and  frequently  they  gTeatly  disfigure  the  face,  espe- 
cially the  lips,  nose,  and  ears.  The  first  thing-  seen  is  one  or  more  ery- 
thematous dots  resembling  the  bite  of  an  insect  and  causing'  more  or  less 
itching.  After  from  two  to  three  days  there  appears  within  the  erythem- 
atous spot  a  very  small  ulceration,  which  for  a  w^hile  grows  and  may 
attain  a  diameter  of  one  inch  or  more.  The  borders  of  the  ulcer  show  a 
bluish  tint,  while  the  surrounding  skin  is  edematous,  red,  and  painful  on 
pressure.  The  surface  of  the  ulcer  is  usuallj^  covered  by  a  brownish  crust, 
from  the  edges  of  wiiich  there  exudes  a  stinking,  serous  fluid,  often  tinged 
or  more  deeply  colored  with  blood.  The  adjacent  lymphatic  glands  are  at 
this  stage  enlarged  and  painful,  but  the  pain  soon  disappears,  while  the 
glands  remain  larger  than  normal.  As  these  ulcers  develop  there  is  eve- 
ning fever  and  pain  in  the  head  and  joints.  The  cutaneous  ulcers  develop 
slowly,  usually  persist  for  months,  and  in  some  instances  continue  for 
years.  In  most  cases,  however,  after  a  variable  period  ranging  from  six 
months  to  two   yenrs,   the  cutaneous  ulcers  begin   to   cicatrize  from  the 
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periphery,  thus  healing  and  leaving  permanent  characteristic  parchment- 
like cicatrices.  The  scarred  tissue  thus  formed  may  leave  permanent  dis- 
figurements quite  as  marked  and  quite  as  objectionable  as  those  present 
during  the  active  or  ulcerative  stage. 

According  to  Tamayo,  Escomel,  and  others,  there  are  cases  in  which  the 
cutaneous  lesions  do  not  ulcerate  and  the  small  tumor  becomes  a  wart  or 
a  nest  or  group  of  warts.  This  form  of  American  leishmaniasis  is  said  to 
be  quite  prevalent  not  only  among  men,  but  among  donkeys  and  horses, 
along  the  Amazon.  Some  of  these  papillomatous  growths  discharge  small 
amounts  of  a  highly  fetid  ichorous  fluid.  Matta  described  nodosites  which 
resemble  cauliflower  and  in  which  there  is  a  marked  tendency  to  hemor- 
rhage. This  type  is  said  to  be  very  persistent,  continuing  in  some  cases 
as  long  as  from  ten  to  fifteen  years  without  developing  ulcerative  proc- 
esses. 

As  a  rule,  to  which  there  are  exceptions,  the  mucous  lesions  do  not 
appear  until  those  on  the  skin  are  well  developed  or  have  undergone  com- 
plete cicatrization.  There  are  cases  in  which  the  initial  lesion  appears 
either  on  the  mucous  membrane  of  the  nose  or  near  the  border  line  between 
the  cutaneous  and  mucous  membrane.  According  to  Escomel,  the  cuta- 
neous lesions  heal  or  cicatrize  and  then,  after  an  interval  which  may  be  of 
one  or  more  years  and  during  which  the  patient  may  be  in  fair  health, 
the  mucous  lesions  make  their  appearance.  In  most  cases  the  mucous 
lesions  are  first  recognized  in  the  nose  and  their  appearance  is  accom- 
panied by  a  chronic  coryza.  More  rarely,  the  first  lesion  appears  on  the 
palate,  but  whether  first  appearing  in  the  nose  or  in  the  mouth,  the  dis- 
ease process  usually  extends  to  the  tonsils,  the  pharynx,  and  may  involve 
the  larynx,  affecting  the  vocal  cords.  The  development  of  this  stage  of 
the  disease  may  continue  through  many  years,  even  up  to  30,  render  the 
victim  miserable  in  himself  and  repugnant  to  all  who  see  him.  Fortu- 
nately, most  patients  before  reaching  or  continuing  long  in  this  stage  con- 
tract some  intercurrent  infection  and  die  from  it.  Escomel  says  that  he 
has  seen  patients  die  from  espundia  without  intercurrent  infection,  but 
that  this  is  rare. 

In  these  ulcers,  both  the  primary  or  cutaneous  and  the  secondary  or 
mucous,  Leishmania  donovani  has  been  found.  We,  therefore,  are  justified 
in  concluding  that  Leishmaniasis  americana  is  a  specific  infectious  dis- 
ease, the  causal  agent  of  which  cannot  be  distinguished,  morphologically 
at  least,  from  that  found  in  kala-azar  and  in  European  cutaneous  leish- 
maniasis. 

.  History .^ — In  certain  parts  of  South  and  Central  America  diseases 
characterized  by  ulcerations  of  either  the  cutaneous  or  mucous  surfaces, 
or  of  both,  have  been  long  known  to  exist  and  have  been  described  under 
various  names.     There  can  be  no  doubt  that  in  the  voluminous  literature 
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bearing  upon  this  matter,  three  or  four,  possibly  more,  diseases,  have  been 
confounded.  One  observer  has  seen  and  described  cases  of  leishmaniasis, 
while  others  have  been  concerned  with  yaws  or  f ramboesia,  and  still  others 
have  been  dealing  with  blastomycosis.  According  to  Tamayo,  ulcerous 
diseases  were  in  evidence  among  the  natives  at  the  time  of  the  conquest 
of  Peru  and  probably,  as  is  indicated  by  pictures  on  water  vases,  long 
before  that  time.  In  1840  Smith,  and  in  1846  Tschudi,  described  endemic 
cutaneous  ulcerations  seen  in  different  parts  of  Peru,  and  especially  on 
the  road  being  built  at  that  time  from  Lima  to  the  mines  of  Cerro  de 
Pasco.  The  natives  at  that  time  attributed  the  disease  to  drinking  water. 
In  1885  Cerqueira  and  others  reported  a  dermatosis  in  certain  parts  of 
Brazil  which  they  believed  to  be  identical  with  Oriental  boil.  About  1895 
Breda,  of  Padua,  Italy,  studying  Italians  who  had  returned  from  South 
America,  began  to'  write  quite  voluminously  upon  a  disease  seen  among 
these  people,  under  the  name  of  Bouba  Brasiliana.  Breda  believed  this 
disease  to  be  due  to  a  bacillus  which  he  claimed  to  have  isolated  and  with 
which  he  satisfied  himself  that  he  had  successfully  inoculated  laboratory 
animals.  There  can  now  be  scarcely  any  doubt  that  at  least  some  of  the 
cases  which  Breda  studied  were  afflicted  with  American  leishmaniasis. 
During  the  last  decennium  of  the  nineteenth  century  Darier,  Christmas, 
Jeanselme,  and  others  described,  under  various  names,  ulcerous  diseases 
seen  in  Brazil  and  French  Guiana,  and  in  1909  Carini  and  Paranhos  dem- 
onstrated that  the  ulcers  seen  on  workers  in  the  construction  of  the  North- 
eastern Brazilian  Railway  and  locally  known  as  the  ulcers  of  Bauru  (a 
Brazilian  province)  contained  leishmania.  This  work  was  soon  confirmed 
by  Linderberg,  who  proposed  that  the  disease  should  be  called  ulcerous 
leishmaniasis.  The  discovery  that  L.  donovani  can  be  easily  cultivated  in 
the  Novy-McNeal  medium  has  facilitated  its  detection  and  isolation  by 
South  American  physicians.  In  1912  Splendore  came  to  the  conclusion 
that  so  far  as  the  causal  agents  are  concerned  there  are  two  forms  of 
Brazilian  ulcer,  one  a  leishmaniasis  and  the  other  a  blastomycetic  infec- 
tion. This  investigator  detected  some  differences  in  the  flagellated  forms 
of  European  and  South  American  leishmania.  He  believed  the  latter 
to  be  a  strain  or  variety  of  the  former  and  that  the  difference  was  suf- 
ficient to  justify  the  designation  of  that  found  in  the  Western  Hemisphere 
as  L.  americana.  Other  South  American  observers  believe  that  there  are 
in  that  country  several  species  of  leishmania.  In  1911  Escomel  did  some 
valuable  work  on  mucous  ulcerations  in  Peru,  where  the  disease  is  gen- 
erally known  as  espundia.  This  investigator  sent  preparations  to  Laveran, 
who  identified  the  organism  as  L.  tropica,  but  with  sufficient  variation 
from  this  to  warrant  the  name  of  L.  americana.  There  can  now  be  scarcely 
any  doubt  that  both  in  Brazil  and  in  Peru  there  are  two  endemic  ulcerous 
diseases,  one  due  to  the  leishman  body,  the  other  to  a  yeast.    On  the  Canal 
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Zone,  Darling  and  Connor  have  seen  manj'  cntaneons  ulcers  in  wliich  tliey 
have  demonstrated  leishman  bodies. 

Geog^raphical  Distribution. — The  best  known  and  most  thoroughly 
studied  endemic  areas  of  American  leishmaniasis  lie  in  Brazil  and  Peru, 
although  there  are  other  centers  in  Yucatan  (Mexico),  Panama,  the  Gui- 
anas,  Paraguay,  and  Uruguay.  In  Brazil  the  local  names,  or  at  least  some 
of  them,  for  this  disease,  are  the  following :  Bouba  or  buba,  Bauro  ulcer, 
Bahia  sore,  and  Avanhandava  ulcer.  Under  these  various  names,  endemic 
cutaneous  and  mucous  ulcers  are  widely  distributed  throughout  Brazil, 
but  they  have  been  most  frequently  observed  among  workers,  especially 
those  engaged  in  railroad  construction  in  the  virgin  forests  of  that  coun- 
try. 

The  names  for  leishmaniasis  employed  in  different  parts  of  Peru  are : 
Uta,  espundia,  juccuya,  qcepo,  and  tiace-arana.  The  disease  is  most  preva- 
lent in  the  central  zone  of  Peru,  in  a  region  where  there  is  luxuriant  vege- 
tation and  where  it  is  hot  and  humid.  Escomel  found  perfect  specimens 
of  espundia  along  the  banks  of  the  river  Madre  de  Dios.  Anderson  found 
it  at  high  altitudes,  from  3,000  to  18,000  feet,  where  it  was  cold  and  wet. 
Strong  and  his  colleagues  observed  it  at  Surco  in  a  school  for  children 
located  in  a  mountainous  region.  These  observers  state  that  at,  Surco  and 
Otao  a  large  proportion  of  the  inhabitants  as  seen  at  that  time  (1913) 
showed  either  active  stages  of  the  disease  or  cicatricial  evidence  of  having 
had  it.  It  seems  that  the  name  of  the  disease  (uta)  in  that  locality  is 
derived  from  that  of  the  village  Otao. 

It  is  believed  that  this  disease  was  introduced  into  Paraguay  from 
Brazil,  and  in  the  former  country  it  still  carries  the  Brazilian  name  of 
buba.  In  Paraguay,  American  leishmaniasis  is  most  abundantly  seen 
among  workers  in  the  forests.  In  the  three  Guianas  the  local  names  are 
determined  by  the  political  divisions ;  English,  forest  yaws ;  French,  pian- 
vois;  Dutch,  boshyaws.  In  this  region  new  cases  become  more  numerous 
with  the  approach  of  the  rainy  season  and  prevail  from  the  last  of  Novem- 
ber to  the  middle  of  April.  It  makes  no  distinction  in  color  or  race,  but 
is  most  abundant  among  those  whose  occupations  carry  them  into  the 
forests.  Sporadic  cases  have  been  observed  in  Argentina,  Bolivia,  Colom- 
bia, and  Venezuela. 

On  the  Canal  Zone,  Darling  and  Bates  saw  many  cases  of  cutaneous 
leishjnaniasis ;  two  with  ulcerations  on  the  ears,  and  one  in  which  the  nasal 
mucous  membrane  was  involved. 

In  Yucatan,  the  site  of  the  disease  is  so  frequently  on  the  ear  that  it  is 
known  as  ear  ulcer.  It  is  said  to  be  common  throughout  the  interior  of 
.Yucatan,  in  Campeche,  and  in  Quintana  Koo.  One  case  has  been  reported 
in  a  Creole  in  Martinique.  Stevenel,  who  reports  this  case,  thinks  that  it 
was  contracted  in  the  woods  in  the  high  altitudes  of  that  Island.     So  far 
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as  we  know,  it  has  not  been  reported  as  indigenous  in  the  Greater  Antilles 
or  in  the  United  States. 

In  Animals. — The  evidence  of  an  animal  reservoir  for  the  virus  of 
this  disease  in  South  and  Central  America  is  not  convincing.  Dogs  are 
inoculable,  but  there  is  no  evidence  that  this  disease  has  any  wide  preva- 
lence naturally  among  dogs.  Pedroso  in  July,  1912,  in  a  village  in  north- 
western Brazil,  where  there  was  at  the  time  a  case  of  leishmaniasis  in  a 
man,  found  tw^o  dogs  with  nasal  ulcerations,  and  in  smears  from  one  of 
these  he  demonstrated,  leishman  bodies.  The  master  of  the  second  dog 
had  a  leishman  ulcer  on  the  foot  and  the  dog  licked  this  sore.  From  the 
facts  and  the  appearance  of  the  ulceration,  Pedroso  concluded  that  the 
ulcers  in  the  second  dog  were  also  due  to  leishman  bodies.  Migone  exam- 
ined the  cutaneous  lesions  of  many  dogs  in  endemic  parts  of  South 
America,  but  was  never  able  to  identify  leishman  bodies  in  these  animals. 
Brumpt  and  Pedroso  in  an  epidemic  area  in  Brazil  saw  five  dogs  with 
ulcers  but  were  not  able  to  demonstrate  leishman  bodies  in  these.  It  is 
said  that  the  dogs  of  workers  in  the  forests  of  Brazil  are  ferocious  and  not 
easily  handled.  Cats  and  monkeys  are  inoculable,  but  are  not  known  to 
have  this  disease  naturally. 

Transmission. — It  is  both  the  popular  and  professional  belief  that 
American  leishmaniasis  is  transmitted  by  some  biting  insect  whose  favorite 
habitat  is  in  the  virgin  forests,  but  there  are  so  many  insects  in  these 
regions  and  the  sore  is  so  slow  in  developing  that  it  seems  a  hopeless  task 
to  pick  out  the  guilty  one.  All  kinds  of  flies,  gnats,  and  mosquitoes  have 
been  suspected.  The  natives  of  the  Canal  Zone  accuse  a  fly  known  as 
Mosca  boyana.  This  fly  feeds  largely  on  the  yellow  flowers  which  give 
it  its  name  and  which  grow  in  the  jungles.  Brumpt  and  Pedroso,  after 
reviewing  the  insects  possibly  concerned  in  the  transmission  of  this  virus, 
arrive  at  the  conclusion  that  certain  tabanid  flies  are  most  likely  the  guilty 
agents.  In  the  valley  of  Convencion  in  Peru  the  popular  opinion  is  that 
the  disease  is  disseminated  by  a  gnat.  Townsend,  studying  the  disease  in 
certain  sections  of  the  Peruvian  Andes,  thinks  that  there  are  two  species 
of  ants  concerned  in  the  distribution  of  the  virus..  He  found  leishman 
bodies  in  the  intestines  of  these  insects.  He  Avas  unable  to  find  these 
bodies  in  the  proboscis  or  salivary  glands  and  he  came  to  the  conclusion 
that  the  virus  is  not  transmitted  through  the  bite  of  the  ants,  but  is  de- 
posited from  the  bowels  onto  the  skin  while  the  ant  is  biting  and  inocula- 
tion results  from  scratching.  Laveran  points  out  that  it  is  not  necessary 
to  assume  that  the  transmission  of  this  virus  is  in  all  instances  at  least, 
due  to  a  biting  insect.  Any  insect  which  rests  upon  man  may  mechani- 
cally carry  the  virus,  deposit  it  onto  the  skin,  and  inoculation  may  result 
from  scratching.  Among  the  workers  in  the  forests  of  Brazil  and  Para- 
guay it  has  been  observed  that  soon  after  the  arrival  in  the  camp  of  one 
bearing  a  leishman  sore  others  in  the  party  develop  like  sores.     Seidelin 
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tells  of  a  man  who  had  an  ulcer  on  his  right  car  and  who  was  accustomed 
to  sleep  with  his  right  hand  under  his  head,  as  a  result  of  which  an  ulcer 
appeared  on  the  arm  where  it  came  into  contact  with  the  ear.  There  is 
a  popular  opinion  among  the  peons  of  Paraguay  that  the  rattlesnake  is  a 
reservoir  for  this  virus  and  that  it  is  transferred  from  the  snake,  espe- 
cially from  the  body  of  one  that  has  been  killed,  to  man  by  an  insect 
believed  in  this  country  to  be  a  tick. 

So  long  as  the  sores  of  Leishmaniasis  americana  are  confined  to  the  skin 
there  may  be  difficulty  in  distinguishing  it  from  Oriental  sore,  but  the 
former  is  more  persistent  and  is  followed  by  the  appearance  of  sores  on 
the  mucous  membranes,  which,  if  it  occurs  at  all  in  Oriental  sore,  is  ex- 
tremely rare.  In  South  America  there  has  been  much  confusion  between 
the  lesions  of  leishmaniasis  and  those  of  blastomycosis. 

Prevention. — Since  we  do  not  know  the  transmitting  agent  or  agents 
in  this  disease,  it  will  be  necessary  in  discussing  its  prophylaxis  to  speak 
tentatively  and  in  a  gejieral  way.  There  is  no  satisfactory  reason  for 
believing  that  this  disease  is  due  to  insanitary  local  conditions.  A  healthy 
individual  makes  a  journey  through  what  is  practically  a  virgin  forest 
and  in  doing  so  acquires  the  infection.  If  we  are  to  believe  the  ease  re- 
ports, and  there  is  no  reason  for  doubting  them,  it  is  not  necessary  that 
this  individual  should  on  his  journey  come  into  contact  with  any  other 
human  being  or  rest  where  man  has  ever  been  before.  If  these  things  be 
true,  then  there  must  be  some  reservoir  of  this  virus  in  the  forest  and 
there  must  be  at  the  same  time  in  the  same  location  insects  which  bear 
this  virus  to  the  traveler.  It  is  said  that  the  woodsmen  in  Paraguay  are 
learning  to  protect  themselves  from  insects  by  every  possible  means. 
They  wear  gloves,  protect  their  arms  and  faces  by  netting,  and  the  more 
intelligent  rest  at  night  or  take  their  siesta  by  day  only  under  mosquito 
netting.  Protection  by  these  means  is  not,  however,  so  efficient  as  it  is  in 
malaria.  It  would  be  difficult  to  so  clothe  a  working  woodsman  that  he 
might  do  efficient  work  and  at  the  same  time  have  his  entire  cutaneous 
surface  protected  absolutely  from  insects.  Ants,  ticks,  mites,  and  various 
other  creeping  and  crawling  things,  are  likel}^  to  find  their  way  under  the 
clothing  however  skilfuUj^  it  may  be  arranged. 
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CHAPTER  XXVII 

•..        '  TETANUS 

Lockjaw;  Trismus 

Description. — This  is  a  specific  infectious  disease  caused  by  the  toxin 
of  Bacillus  tetani  and  characterized  by  severe  convulsive  contractions 
of  the  voluntary  muscles.  In  man,  the  muscles  first  affected  in  the 
majority  of  instances,  are  those  which  close  the  jaw  (the  masseters). 
The  convulsive  seizures  spread  downward  over  the  body  and  limbs  until 
in  severe  cases  every  muscle  in  the  body  is  involved.  This  form  of  the 
disease  is  known  as  descending  tetanus.  In  the  lower  animals,  much 
more  rarely  in  man,  tetanic  symptoms  originate  in,  and  for  a  time  are 
confined  to,  that  part  of  the  body  bearing  the  wound  through  which  the 
bacillus  has  been  introduced.  From  these  muscles  the  seizures  extend 
to  more  distant  parts  of  the  body  and  may  involve  the  whole  muscular 
system.  Formerly,  it  was  customary  to  speak  of  idiopathic  and  trau- 
matic tetanus.  The  latter  term  was  used  when  the  disease  followed 
some  recognizable  injury.  It  is  now  known  that  the  bacillus  enters  the 
body  only  through  injured  cutaneous  or  mucous  surfaces;  therefore, 
all  tetanus  is  traumatic.  It  still  remains  true  that  in  some  cases  no  injury 
is  recognizable.  The  wound  on  the  skin  may  be  so  trivial  as  to  attract 
no  attention  when  received  and  so  thoroughly  healed  before  symptoms 
appear  that  there  is  no  certain  recognition  of  its  existence.  The  bacil- 
lus is  a  frequent  invader  of  the  alimentary  canal  and  occasionally  finds 
its  way  into  the  air  passages  and  through  either  of  these  avenues  it 
may  penetrate  the  tissues.  The  toxin  combines  with  the  nerve  cells  in 
the  spinal  cord  and  the  muscular  spasms  result  from  the  injury  thus 
done  to  these  cells. 

In  the  great  majority  of  instances  the  contractions  of  the  extensor 
muscles  greatly  overbalance  those  of  the  flexors,  and  the  body,  both  as 
shown  in  its  members  and  in  the  trunk,  is  extended.  In  severe  seizures 
the  limbs  are  extended  and  rigid,  while  the  head  is  drawn  backward 
and  only  the  occiput  and  the  heels  touch  the  bedi  In  less  severe  cases, 
there  is  a  tendency  to  assume  this  rigid  position.  This  is  known  as 
opisthotonos.  This  is  the  position  usually  assumed  by  the  body  in  this 
disease.  In  very  rare  instances  the  head  and  the  shoulders  are  brought 
forward  and  the  body  is  lient  upon  the  abdomen.  This  is  known  as 
emprosthotonos.  In  these  instances  the  contraction  of  the  abdominal 
muscles  is  sufficient  to  overcome  the  extensors.     Still  more  rarely,  the 
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body  is  bent  to  one  side  or  tlie  other.  This  is  known  as  pleurothotonus. 
The  muscular  spasms  characteristic  of  this  disease  vary  from  the  barely 
perceptible  twitching  to  actions  so  forcible  that  vertebral  processes  are 
broken  and  the  teeth  crushed  by  the  closure  of  the  jaws.  As  a  rule, 
the  intellect  remains  unaffected  during  the  disease.  In  most  cases  the 
temperature  does  not  attract  attention,  although  in  exceptional  instances 
it  may  run  to  104°  and  over.  It  has  been  observed  that  the  tem- 
perature may  continue  to  rise  for  from  20  to  40  minutes  after  death.  The 
mortality  from  the  disease  is  high  and  without  specific  treatment  gen- 
erally runs  from  seventy  to  eighty  and  occasionally  to  ninety  per  cent." 
Death  from  asphyxia  is  the  most  frequent  form,  though  exhaustion  and 
cardiac  failure  occasionally  terminate  the  case. 

History. — Excellent  descriptions  of  this  disease,  with  recognition  of 
its  high  fatality,  are  to  be  found  in  the  writings  of  Hippocrates,  Aretaeus, 
Galen,  Caelius  Aurelianus,  and  other  Greek  and  Roman  authorities.  It 
is  also  described  accurately  and  certainly  by  Arabian  physicians  of  the 
ninth  and  tenth  centuries.  The  chief  theory  concerning  its  causation 
has  attributed  the  disease  to  sudden  changes  in  weather,  with  exposure 
to  wet  and  chilling  of  the  body.  As  late  as  1886  Hirsch,  after  an  ex- 
haustive study  of  the  geographical  distribution  of  this  disease,  wrote  as 
follows : 

"There  is  no  question  that  the  affection  of  the  central  nervous  system,  which  is 
conspicuous  among  the  phenomena  of  tetanus,  may  be  produced  by  a  variety  of  external 
causes,  and  probably  by  internal  causes  also;  and  that  among  these,  wounds  play  a 
prominent  part.  But  none  of  the  external  agencies  has  a  more  decided  significance  in 
the  etiology,  none  comes  more  to  the  front  as  a  real  decisive  factor  in  the  pathogenesis, 
than  certain  atmospheric  influences,  which  determine  the  distribution  of  tetanus  over 
the  globe  no  less  than  its  predominance  at  certain  seasons  and  under  certain  kinds  of 
weather.  All  observers  who  have  had  practical  experience  of  tetanus  in  various  lati- 
tudes are  agreed  in  saying  that  the  disease  is  commonest  in  the  tropics,  and  that,  as  a 
general  rule,  it  becomes  less  frequent  the  farther  the  climatic  circumstmioes  of  the 
locality  diverge  from  tropical  climate.  Those  experiences  of  individuals  are  entirely 
in  agTeement  with  the  sketch  of  the  distribution  as  given  above,  which  shows  a  de- 
creasing frequency  from  the  equator  to  the  poles.  That  the  height  of  the  temperature 
is  not  the  essential  thing  here,  is  shown  by  the  fact  that  the  largest  number  of  cases 
in  the  tropics,  according  to  nearly  all  the  authorities,  does  not  fall  in  the  hot  season 
but  in  the  season  preceding  the  rains,  and  corresponding  to  our  spring,  or  in  the  cool 
season  following  the  rains. ' ' 

Elsewhere  the  same  author  adds: 

"Chill  was  given  as  a  frequent  cause  of  tetanus  by  the  ancient  and  medieval  physi- 
cians, such  as  Hippocrates,  Aretaeus,  and  Avicerma;  and  although  opinions  have  fluctu- 
ated a  great  deal  as  to  the  nature  and  genesis  of  the  disease,  that  experience  has  been 
substantiated  to  the  fullest  extent  by  observers  in  all  subsequent  periods,  including 
those  of  the  present  time." 

Ever  since  man  has  engaged  in  destructive  combat  with  his  fellow, 


728  EPIDEMIOLOGY 

tetanus  has  been  regarded  as  one  of  the  hoiTors  of  war.  There  are, 
however,  no  reliable  statistics  concerning  its  occurrence  and  fatality  in 
different  wars.  Larrey,  Napoleon's  great  physician,  records  the  high 
prevalence  and  great  mortality  of  this  disease  in  the  Egyptian  campaign 
(1799-1801).  In  the  Crimean  War,  out  of  12,094  wounded  English  there 
developed  nine  cases  of  tetanus,  or  .75  per  1,000.  In  our  own  Civil 
War,  out  of  246,172  wounded  there  were  505,  or  a  little  more  than  two 
per  1,000.  In  the  Franco-Prussian  War,  among  95,000  wounded  there 
were  350  cases  of  tetanus,  or  3.5  per  1,000.  In  the  Russo-Turkish  War, 
out  of  51,700  there  were  66  cases  of  tetanus,  or  1.2  per  1,000.  Concerning 
tetanus  in  the  World  War,  we  shall  speak  later. 

Most  writers  on  tetanus  emphasize  its  importance  in  Avar  as  evidence 
of  its  most  destructive  action  and  highest  mortality.  This  is  not  true. 
There  is  a  form  of  tetanus  which  has  destroyed  ten  and  possibly  a  hun- 
dred for  every  soldier  who  has  died  from  this  disease.  We  refer  to  the 
tetanus  of  the  newborn,  or,  as  it  is  scientifically  designated,  tetanus  or 
trismus  neonatorum.  Writing  of  the  prevalence  of  this  disease  on  the 
Island  of  Cayenne,  Bajon  says: 

' '  There  is  perhaps  no  country  where  children  are  so  difficult  to  rear  as  in  Cayenne. 
They  have  hardly  emerged  from  their  mother's  womb  to  the  light  of  day  when  they 
fall,  in  large  numbers,  into  a  state  of  spasm,  which  by  and  by  locks  their  jaws  and 
makes  the  whole  body  as  stiff  as  a  bar  of  iron." 

Of  the  prevalence  of  this  disease  in  British  Guiana,  Hancock  (1831) 
wrote: 

''It  is  so  frequent  and  fatal  in  the  colonies  of  Essequibo  and  Denierara,  that,  at  an 
average  estimate,  it  kills  half  of  the  wholo  number  of  infants  which  are  born  there. ' ' 

Like  high  death  rates  from  this  form  of  tetanus  prevailed  during  the 
first  half  of  the  nineteenth  century  over  large  parts  of  Brazil,  Argentina, 
and  other  South  American  countries.  One  author  states  that  at  that 
time  one-fourth  of  all  the  children  born  in  Rio  de  Janeiro  died  from 
this  disease.  A  fearful  mortality  was  reported  from  Montevideo  in 
1852.  In  1856  four  per  cent  of  all  deaths  in  Charleston,  and  3.7  per 
cent  of  all  deaths  in  Ncav  Orleans,  were  due  to  tetanus  neonatorum. 
Watson,  writing  of  the  prevalence  of  this  disease  among  the  negroes 
of  Tennessee  before  the  Civil  War,  said : 

''When  called  to  see  their  children  we  find  their  clothes  wet  around  their  hips,  and 
often  up  to  their  armpits,  with  urine.  The  child  is  thus  presented  to  us,  when,  on 
examination,  we  find  the  umbilical  dressing  not  only  wet  with  urine,  but  soiled  like- 
wise with  feces,  freely  giving  off  an  offensive  urinous  and  fecal  odor  combined  at 
times  with  a  gangrenous  fetor,  arising  from  the  decomposition,  not  desiccation  of  the 
cord. ' ' 

About  the  same  time  Grier  wrote: 

"When  the  disease  appears  endemically  on  a  plantation  it  may  be  arrested  by  liaving 
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the  negro  houses  whitewashed  with  lime  inside  and  out,  by  raising  the  floor  above  the 
ground,  by  removing  all  filth  from  under  and  about  the  houses,  by  paying  particular 
attention  to  cleanliness  in  the  bedding  and  clothes  of  the  mother  and  in  dressing  of 
the  child." 

In  times  of  slavery,  in  our  southern  states  many  a  plantation  mistress 
took  it  upon  herself  to  first  dress  the  newborn  negro  child  and  to  make 
daily  or  more  frequent  visits  to  the  lying-in  mother  and  her  charge. 
More  than  this,  in  some  households  the  daily  bathing  of  the  newborn 
negro  children  on  the  plantation  was  carried  out  under  the  supervision 
of  the  mistress  of  the  house. 

Epidemics  of  trismus  neonatorum  during  past  centuries  were  not 
confined  to  negroes,  but  occurred  from  time  to  time  in  the  most  re- 
nowned lying-in  hospitals  in  Europe.  There  were  born  in  the  Dublin 
Eotunda  from  1757  to  1782,  17,650  children,  2,944,  or  more  than  sixteen 
per  cent,  of  whom  died  from  tetanus.  Clark,  who  reported  these  con- 
ditions in  the  Rotunda,  undertook  to  improve  them  and  Avas  greatly 
rejoiced  Avhen  he  reduced  the  mortality  from  this  disease  to  five  per 
cent.  In  a  lying-in  hospital  in  Stockholm,  tetanus  neonatorum  killed 
42  out  of  505  children  born  in  that  institution  in  1834.  According  to 
Finsen,  during  some  years  in  the  early  part  of  the  nineteenth  century, 
two  out  of  every  three  children  born  on  Grimso,  a  small  island  off  the 
north  coast  of  Iceland,  died  from  tetanus. 

It  was  through  the  study  of  tetanus  neonatorum  that  the  profession 
was  first  impressed  with  the  idea  that  this  is  an  infectious  disease.  We 
quote  again  from  Hirsch  : 

"The  doctrine  that  tetanus  neonatorum  is  very  often  to  be  interpreted  as  traumatic 
lodkjaw,  is  borne  out  by  the  fact  that  it  mostly  appears  between  the  sixth  and  twelfth 
day  after  birth,  or  during  the  period  when  the  detachment  of  the  fragment  of  um- 
bilical cord  is  proceeding;  and  the  opinion  often  expressed,  that  bad  treatment  of  the 
umbilical  cord  after  the  birth  is  a  contributory  cause,  is  not  to  be  summarily  dis- 
missed as  improbable.  Another  operation  that  has  often  given  rise  to  trismus  neonatorum 
is  circumcision  of  Jewish  and  Mohammedan  infants.  *  *  *  There  is,  however,  another 
j)oint  to  be  considered  here,  to  which  I  have  already  referi'ed  and  on  which  I  should 
be  inclined  to  lay  special  stress  for  the  production  of  trismus  neonatorum.  I  mean 
had  hygiene,  which  would  set  up  infection  in  the  newborn  infant  all  the  more  readily 
that  the  umbilical  surface  offers  an  easy  way  of  entrance  to  infective  matters.  Among 
the  authorities  on  lockjaw  in  the  newborn,  there  is  but  one  opinion  that  the  disease  is 
almost  confined  to  the  crowded  and  filthy  dwellings  of  the  poor,  or  to  badly  kept 
foundling  and  lying-in  hospitals,  breaking  out  in  the  latter  whenever  the  insanitary 
state  arises  as  a  result  of  overcrowding  or  of  an  epidemic  of  puerperal  fever,  or  the 
like.  All  practitioners  who  have  seen  the  disease  in  tlie  tropics  are  agreed  that,  next 
to  chill,  one  of  the  most  potent  causes  of  trismus  neonatorum  is  the  neglected  and 
filthy  state  of  negro  dwellings,  which  baffles  all  description  and  reaches  its  height  at 
the  time  of  confinement.  A  number  of  observers  in  temperate  climates  have  held  the 
same  language  regarding  the  effect  of  filth  in  the  production  of  trismus. ' ' 
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It  must  be  evident  from  the  above  that  when  we  speak  of  a  wound 
as  being  essential  to  the  development  of  tetanus  we  must  have  a  broad 
interpretation  of  what  the  term  ''wound"  means.  Tetanus  neonatorum 
is  undoubtedly  due  to  infection  through  the  severed  umbilical  cord. 
Ignorant  people  are  likely  to  tie  the  cord  with  anything  which  comes 
handy  and  as  likely  as  not  it  will  be  some  highly  infected  thing.  Then 
the  cord  is  dressed,  if  at  all,  with  some  highly  infected  article.  When 
we  speak  of  wounds  and  tetanus  we  must  bear  in  mind  that  the  wound 
is  not  necessarily  a  break  in  continuity  inflicted  by  some  weapon  or  by 
accident;  it  may  be  simply  due  to  altered  tissue.  Apparently,  it  re- 
quired some  months  to  call  this  fact  to  the  attention  of  the  medical 
officer  in  the  late  World  War.  In  trench  foot  there  is  no  wound  or  there 
may  be  no  wound,  but  the  tissue  is  so  altered  that  it  is  easily  penetrated 
even  by  organisms  possessing  but  a  moderate  degree  of  motility.  It 
was  only  after  many  cases  of  tetanus  had  occurred  in  trench  foot  that 
this  avenue  for  the  admission  of  the  tetanus  bacillus  was  recognized, 
and  thereafter  trench  foot  was  treated  prophylactically  as  were  other 
wounds.  In  this  connection,  the  following  quotation  from  Bruce  is  in- 
teresting: 

''At  the  beginning  of  the  war  orders  with  regard  to  the  prophylactic  injection,  of 
autitetanic  serum  were  frequent  in  connection  with  wounds,  but  it  was  not  recognized 
that  trench  foot  was  a  wound.  One  day  it  was  found  that,  within  a  fortnight,  15 
eases  of  tetanus  originated  in  cases  of  trench  foot  in  which  no  one  thought  that  pro- 
phylactic antitoxin  was  necessary.     The  15  cases  made  the  surgeons  open  their  eyes." 

About  the  middle  of  the  nineteenth  century  it  was  evident  that  the 
idea  of  tetanus  being  an  infectious  disease  was  growing  in  the  medical 
mind.  In  1854  Simpson  believed  that  a  strychnin-like  substance  is 
formed  in  the  wound,  and  in  1859  Betoli  concurred  in  this  belief  and 
suggested  that  the  poison  might  result  as  the  product  of  fermentation. 
From  1868  to  1870  numerous  attempts  were  made  to  induce  tetanus  in 
animals  by  injecting  blood  or  blood  serum  of  man  while  suffering  from 
this  disease.  It  should  be  understood  that  all  experiments  of  this  nature 
failed  and  would  do  so  today.  In  1882  Nocard  reported  an  epidemic  of 
tetanus  among  young  horses,  all  of  Avhich  were  castrated  with  the  same 
instrument  without  sterilization.  This  observation  led  Nocard  to  inocu- 
late sound  animals  Avith  nervous  tissue  taken  from  the  sick.  This  quite 
naturally  failed.  In  1884  Carle  and  Rattone  inoculated  a  number  of 
rabbits  with  material  taken  from  an  acne  pustule  on  a  man  who  was 
suffering  from  tetanus  and  induced  the  disease  in  all  these  animals. 
They  went  further  and  demonstrated  that  the  disease  could  be  perpet- 
uated by  repeated  transfer  from  the  wound  of  one  animal  to  that  of 
another.  In  1885  Nicolaier,  having  been  struck  with  the  frequency  with 
which  gardeners  acquire  the  disease  after  slight  injuries  to  their  feet 
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and  legs,  inoculated  Avith  garden  soil  large  numbers  of  white  mice, 
rabbits,  guinea  pigs,  and  dogs,  and  in  all  of  these  with  the  exception  of 
the  dogs,  tetanus  developed.  Later  experiments  have  shown  that  the 
dog  also  is  susceptible  but  requires  larger  inoculations  than  the  other 
animals.  Nicolaier  was  able  to  demonstrate  in  the  pus  of  his  w-ounded 
animals  bacilli  which  were  characterized  by  being  distinctly  drum-stick 
shaped.  Quite  naturally,  he  came  to  the  conclusion  that  the  strychnin- 
like poison  of  Simpson  and  others  was  generated  in  the  wound  by  this 
characteristic-appearing  bacillus.  Within  the  next  year  or  two  the  ex- 
periments and  observations  of  Nicolaier  were  repeated  and  confirmed  in 
Germany  by  Rosenbach  and  in  France  by  Nocard.  The  last-mentioned 
investigator  transferred  tetanus  from  a  sick  horse  to  a  sound  one  while 
castrating  the  latter  and  demonstrated  the  bacillus  of  Nicolaier  in  the 
wounds  of  both. 

In  1889  Kitasato,  recognizing  the  fact  that  the  enlargement  at  one 
end  of  the  bacillus  of  Nicolaier  represents  a  spore,  heated  these  cultures 
to  80°,  at  which  temperature  the  nonspore-bearing  germs  of  all  kinds 
were  destroyed  while  spores  of  tetanus  remained,  and  when  subse- 
quently placed  at  proper  temperature  grew  into  bacilli.  In  this  way 
Kitasato  obtained  a  pure  culture  of  the  tetanus  bacillus.  In  1890  Faber 
showed  that  filtered  cultures  of  the  tetanus  bacillus  from  which  all 
organisms  had  been  removed  induce  the  disease  in  animals,  and  about 
the  same  time  Behring  and  Kitasato  prepared  a  tetanus  antitoxin  and 
experimentally  demonstrated  its  value. 

The  Bacillus. — The  bacillus  of  tetanus  is  a  rod  from  4  to  6  microns  in 
length  and  from  .3  to  .4  micron  in  breadth.  Without  spores,  there  is 
nothing  distinctive  in  its  appearance,  but  in  cultures  it  sporulates  in  a 
few  hours  and  then  it  appears  as  short  rods  bearing  a  ball-like  enlarge- 
ment at  one  end  and  forming  the  drum-stick  appearance  quite  charac- 
teristic of  this  organism.  In  the  culture  within  a  relatively  short  time 
the  rod  disappears,  leaving  only  the  spores.  It  is  anaerobic  and  when 
grown  under  this  condition  it  demonstrates  slight  mobility  which,  of 
course,  is  not  observed  in  the  spores.  The  bacilli  are  gram-positive  and 
take  the  ordinary  basic  anilin  dyes.  In  the  sporogenous  form  the  stain 
is  limited  to  the  rod  with  a  rim  about  the  spore.  The  spore  of  this 
bacillus  is  highly  resistant  to  external  agents.  It  bears  without  harm  a 
temperature  of  80°  C.  for  six  hours  and  may  resist  boiling  for  four  or 
five  minutes.  For  the  sterilization  of  cultures  a  temperature  of  110° 
for  from  five  to  ten  minutes  is  necessary.  The  spores  are  not  destroyed 
by  exposure  to  5  per  cent  carbolic  acid  or  1  per  1000  corrosive  sub- 
limate. Their  full  virulence  after  being  kept  dried  for  two  and  one-half 
years  on  splinters  of  wood  has  been  demonstrated. 

Bacillus  tetani  is  widelv  distributed  over  the  earth.     It  is  found  al- 


732  EPIDEMIOLOGY 

most  constantly  in  the  intestinal  contents  and  feces  of  herbivorous  ani- 
mals, especially  of  horses,  and  in  a  variable  but  considerable  percentage 
of  men.  There  are  certain  soils  which  are  unusually  rich  in  this  organism ; 
such  are  known  as  tetaniferous  soils.  These  are  lands  which  have  been 
enriched  by  animal  manure.  It  Avill  be  evident  from  this  that  the 
danger  of  wound  infection  from  soil  is  Avidely  variable  in  different 
localities.  The  highly  manured  soils  of  Belgium  and  northern  France 
account  for  the  large  number  of  cases  of  tetanus  Avliich  developed  from 
Avar  wounds  received  in  these  countries.  In  previous  wars  it  had  been 
observed  that  the  number  of  cases  and  the  mortality  from  tetanus  varied 
greatly  on  different  battle  fields.  We  have  already  referred  to  the 
experience  of  Larrey  in  the  Egyptian  campaign  of  1799-1801,  and  it 
may  be  stated  that  this  surgeon  met  with  a  similar  experience  in  Austria 
in  1809.  According  to  Thierry,  110  cases  of  tetanus  were  reported  on 
one  day  after  the  Battle  of  Bautzen  (1813),  the  wounded  having  been 
left  overnight  after  the  battle  on  damp  ground  and  having  their  wounds 
badly  soiled.  That  the  tetanus  bacillus  varies  widely  in  its  distribution 
in  the  soil  has  been  shown  by  the  geographical  distribution  of  cases  of 
tetanus  in  civil  life.  A  few  years  ago  when  so  many  cases  of  tetanus 
followed  Fourth  of  July  accidents,  it  was  evident  that  tetanus  more 
frequently  accompanied  such  injuries  in  certain  localities.  In  the  United 
States,  Pennsylvania,  the  Hudson  River  Valley,  and  Long  Island  are 
known  to  be  areas  in  which  the  soil  is  rich  in  tetanus  spores.  A  like 
observation  has  been  made  concerning  the  frequency  of  tetanus  in  the 
lower  animals,  and  especially  in  horses. 

There  is  another  soil  condition  which  greatly  influences  the  chances 
of  tetanus  infection.  We  refer  to  the  presence  in  the  soil  of  other  bacteria, 
such  as  staphylococci  and  streptococci,  and  especially  certain  anaerobes, 
as  B.  Avelchii  and  Vibrion  septique.  If  tetanus  spores  be  freed  from  all 
their  toxin  and  from  the  presence  of  all  other  bacteria  and  injected  into 
the  healthy  tissue  of  an  animal  they  do  not  cause  disease ;  in  other 
words,  the  tetanus  organism  will  grow,  multiply,  and  produce  its  toxin 
in  the  animal  body  only  when  in  the  presence  of  some  other  organism  or 
when  the  tissue  has  been  rendered  necrotic  by  some  other  agent.  Cour- 
mont  and  Doyon  showed  that  as  many  as  2,500  spores  of  the  bacillus 
of  tetanus  freed  from  all  toxin  and  all  other  microorganisms  could  be 
injected  into  the  tissue  of  a  guinea  pig  without  any  resulting  harm. 
The  same  investigators  came  to  the  conclusion  that  without  the  pro- 
tection furnished  by  its  toxin  or  the  presence  of  other  bacteria,  the 
tetanus  spores  are  destroyed  by  the  phagocytes,  while  in  the  presence 
of  these  helpful  agents  they  are  protected.  Tetanus  spores  are  present 
in  many  wounds  Avhich  are  not  accompanied  by  the  development  of 
sj'mptoms  of  tetanus.     Tulloch,  in  a  series   of  wounds  studied  in  the 
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late  war,  found  tetanus  spores  in  twenty  per  cent  of  those  who  did 
not  develop  the  disease.  Sucii  organisms  as  B.  welchii  and  Vibrion 
septique  favor  the  action  of  tetanus  spores  by  devitalizing  the  tissues. 
In  a  healthy  granulating  wound  tetanus  spores,  although  they  may  be 
present,  will  not  cause  tetanus.  The  importance  of  cleansing  every 
wound,  removing  so  far  as  possible  all  traces  of  foreign  matter  and  all 
dead  or  dying  tissue,  was  not  fully  realized  until  the  World  War  made 
it  evident  in  many  hospitals.  The  excision  of  the  wounded  area  became 
the  common  procedure  and,  with  the  prophylactic  employment  of  tetanus 
antitoxin  in  all  wounds,  came  very  near  eradicating  tetanus  before  the 
Avar  closed. 

In  nearly  all  instances  the  tetanus, bacillus  is  carried  into  a  wound  as 
a  spore  and,  as  we  have  seen,  these  spores  outside  the  body  may  con- 
tinue in  their  state  of  potential  virulence  indefinitely.  This  is  equally 
true  of  them  after  they  have  been  introduced  into  the  tissues.  They 
may  continue  in  partly  healed  wounds,  in  carious  bones,  or  in  scar 
tissue,  retaining  potential  virulence  quite  indefinitely  and  capable  of 
being  awakened  into  activity  by  any  condition  which  devitalizes  the 
tissues  in  which  they  lie.  It  is  the  accepted  idea  that  tetanus  is  not 
a  systemic  infection  but  a  local  one,  which  it  continues  to  be,  and  that 
the  organism  or  the  spores  manufacture  the  toxin  which  constitutes 
the  harmful  agent. 

By  serologic  tests,  TuUoch  divides  tetanus  bacilli  into  three  types. 
Up  to  the  present  time  this  seems  to  be  of  no  practical  value,  since  all 
of  these  types  produce  the  same  toxin  and  with  this,  quite  naturally, 
the  same  antitoxin  is  obtained.  Tulloch  thinks  it  possible  that  there 
may  be  in  the  antitoxins  antibacterial  properties  and  that  these  may 
vary  with  the  type. 

The  Toxin. — As  we  have  already  stated,  the  toxin  was  first  prepared 
and  studied  in  1889  by  Faber,  who  obtained  it  by  the  filtration  of 
cultures  through  porcelain.  In  the  same  year,  Tizzoni  and  Cattani  con- 
firmed and  extended  the  findings  of  Faber,  which  were  shortly  after- 
Avards  made  more  definite  by  the  contribution  of  Vaillard  and  Vincent. 
What  Ave  call  tetanus  toxin  is  a  filtered  culture  of  the  tetanus  bacillus, 
and  the  presence  and  properties  of  the  specific  poison  contained  in  these 
cultures  haA^e  been  demonstrated  experimentally.  No  toxin  has  been 
obtained  in  a  pure  state  and,  consequently,  Ave  remain  AA-holly  ignorant 
of  the  chemical  composition  of  any  and  all  toxins.  The  tetanus  toxin 
is  soluble  in  Avater,  is  nondialyzable,  is  precipitable  AA'ith  alcohol,  and 
is  destroyed  by  mineral  acids.  Its  Anrulence  rapidly  decreases  on  ex- 
posure to  air,  but  it  may  be  kept  Avithout  marked  deterioration  quite 
indefinitely  Avhen  coA^ered  AAdth  oil  and  placed  in  the  dark.  When 
heated  to  65°  C.  it  begins  to  lose  its  toxicitA*,  but  its  destruction  at  this 
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temperature  is  slow  and  incomplete.  At  80°  C.  it  loses  its  virulence 
entirely  within  a  few  minutes.  It  may  be  precipitated  by  tlie  addition 
of  from  10  to  15  volumes  of  absolute  alcohol  to  the  filtered  culture. 
The  alcoholic  precipitate  when  redissolved  in  water  is  found  to  be  pos- 
sessed of  all  the  virulence  of  the  original  filtered  culture.  Tetanus  toxin 
is  a  highly  lethal  substance,  even  in  its  impure  state,  which  is  the  only 
form  in  which  we  know  it.  Of  a  given  filtered  culture,  one  one-millionth 
of  a  cubic  centimeter  may  kill  a  white  mouse ;  one  ten-thousandth  cubic 
centimeter,  a  guinea  pig;  one-fourth  cubic  centimeter,  a  rabbit;  one- 
half  cubic  centimeter,  a  frog;  two  cubic  centimeters,  a  horse;  four  cubic 
centimeters,  a  dog;  ten  cubic  centimeters,  a  chicken.  Figuring  out  as 
to  the  killing  power  of  one  gram  of  body  weight,  the  horse  is  the  most 
susceptible  of  experimental  animals.  From  observations,  man  seems  to 
be  quite  as  susceptible  as  the  horse. 

There  is  always  a  period  of  incubation  between  the  injection  of  toxin 
and  the  development  of  symptoms.  This  period  of  incubation  can  be 
shortened  but  not  obliterated  by  increasing  the  size  of  the  dose ;  in  other 
words,  tetanus  toxin,  whatever  the  size  of  the  dose,  w^hatever  the  avenue 
of  administration,  is  incapable  of  immediately  inducing  symptoms.  For 
instance,  Courmont  and  Doyon  injected  intravenously  into  a  dog  one 
hundred  times  the  fatal  dose  and  the  first  s^-mptom  developed  after 
20  hours. 

The  distribution  of  tetanus  toxin  through  the  body  and  its  action  on 
the  tissues  were  some  years  ago  believed  to  be  definitely  settled  by  the 
experimental  work  of  Meyer  and  Ransom.  We  give  the  folloAving 
resume  of  this  theory  as  recently  stated  bj'  Ransom: 

"When  tetanus  toxin  is  injected  subcutaneously  it  begins  at  once  to  pass  from  the 
lymph  spaces  into  the  lymph  vessels  and  can,  after  a  few  minutes,  be  recognized  in  tlie 
lymph  of  the  thoracic  duct.  By  this  route  it  reaches  the  blood  stream,  not  much  being 
taken  up  by  the  blood  vessels  direct  from  the  seat  of  injection.  The  distribution  then 
goes  on  till,  in  about  24  hours,  the  lymph  and  the  blood  contain  per  cubic  centimeter 
about  the  same  amount  of  toxin.  If  the  toxin  is  given  intravenously  it  soon  begins  to 
pass  into  the  lymph,  and  again  after  some  24  hours  the  thoracic  lymph  and  the  blood 
serum  contain  per  cubic  centimeter  nearly  equal  quantities  of  toxin.  Neither  after 
subcutaneous  nor  after  intravenous  injection  can  toxin  be  detected  in  the  cerebrospinal 
fluid,  not  even  when  very  large  doses  of  toxin  far  exceeding  the  minimal  lethal'  dose 
have  been  given.  If  by  means  of  lumbar  puncture  the  toxin  is  injected  into  the  sub- 
arachnoid space  without  injury  to  the  pia  or  cord  it  passes  rapidly  into  the  blood 
stream,  and  after  the  usual  period  of  incubation  general  tetanus  ensues.  If,  however, 
tlie  toxin  is  injected  intravenously  and  immediately  afterwards  the  spinal  cord  is  in- 
jured by  the  injection  of  a  drop  of  normal  salt  solution,  then  the  general  tetaims  is 
preceded  by  a  local  tetanus  in  the  muscles  corresponding  to  the  injured  segment  of  the 
cord.  If  the  injection  of  toxin  is  made  direct  into  the  cord  a  local  tetanus  correspond- 
ing to  the  injured  cells  ensues,  and  the  period  of  incubation  is  greatl}^  shortened.  If 
an  animal  is  first  protected  by  the  administration  of  a  large  dose  of  antitoxin  so  that 
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no  free  toxin  can  exist  in  the  iblood,  and  then  a  small  dose  of  toxin  is  injected  into  a 
motor  nerve,  a  local  tetanus  corresponding  to  the  distribution  of  the  injected  nerve 
results.  Injection  of  toxin  into  a  purely  sensory  nerve  does  not  cause  either  local  or 
general  tetanus. ' ' 

It  will  be  seen  from  this  quotation  that  the  generally  accepted  belief 
is  that  the  toxin  is  transported  along  the  motor  nerves  from  the  wound 
to  the  central  nervous  system.  The  cells  of  the  cord,  for  instance,  are 
not  supposed  to  combine  with  the  toxin  brought  to  them  through  the 
blood  or  lymph  and  are  affected  or  attacked  only  by  that  toxin  which 
comes  to  them  through  the  motor  nerves.  The  toxin,  having  reached 
the  cord  through  a  given  motor  nerve,  extends  from  segment  to  seg- 
ment until  finally  the  cord  is  sufficiently  involved  to  give  rise  to  the 
characteristic  symptoms  of  the  disease.     Ransom  says: 

''The  progress  of  events  seems  to  be:  The  toxin  traveling  along  the  motor  nerves 
reaches  the  corresponding  motor  ceils  and  sets  up  there  a  certain  overexcitability,  so 
that  the  usual  normal  reflex  impulses  which  maintain  the  normal  muscular  tone  be- 
come more  effective,  the  tone  of  the  muscles  concerned  is  increased,  they  acquire  a  more 
or  less  distinct  rigidity  (stiffness),  and  freedom  of  movement  is  diminished.  This  is 
in  animals  the  first  symptom  of  tetanus,  and  with  small  doses  of  toxin  nothing  further 
may  occur;  there  is  no  increased  reflex,  and  the  whole  symptom  may  pass  off  in  a  day 
or  two  or  even  in  a  few  hours.  If  the  dose  of  toxin  has  been  somewhat  larger  its 
action  extends  to  receptor  cells  in  the  reflex  arch  in  immediate  connection  with  the 
affected  motor  cells;  they  become  overexcitable,  so  that  tactile  excitement  of  the 
affected  (tetanic)  limb  causes  increased  response  in  that  limb,  but  not  elsewhere.  In 
animals  a  flexion  reflex  is  thus  often  converted  into  an  extension.  In  the  jaws  of  man 
tlus  increased  reflex  excitability  causes  the  inhibitory  impulse  which  is  necessary  to 
open  the  jaws  to  be  converted  into  an  augmentor  impulse  closing  them.  If,  as  happens 
not  infrequently  in  human  beings,  the  diaphragm  is  very  early  attacked  (before  the 
jaws),  then  respiration  will  be  to  some  extent  interfered  with  because  the  inhibitory 
relaxation  of  the  muscle  tends  to  be  converted  into  a  contraction  (pain  in  the  chest). 
For  a  similar  reason,  if  the  muscles  of  the  soft  palate  and  glottis  are  early  affected, 
difficulty  in  deglutition  may  be,  and,  in  fact,  often  is,  a  very  early  symptom.  Often 
before  the  exaggeration  of  the  reflexes  becomes  excessive  there  are  frequent  clonic 
contractions,  twitchings  of  individual  muscles  in  the  vicinity  of  the  point  of  injection 
or  the  infected  wound,  indicating  increased  reflex  excitability.  After  large  doses  of 
toxin,  more  and  more  motor  cells  and  more  reflex  apparatus  in  the  cord  gradually  be- 
come affected;  there  is  a  general  rise  of  muscular  tone  and  general  increase  of  re- 
flexes. ' ' 

The  Antitoxin. — Tetanus  antitoxin,  discovered  by  Behring  and  Kita- 
sato  in  1890,  is  prepared  much  in  the  same  way  and  on  the  same  prin- 
ciples as  diphtheria  antitoxin.  There  are  two  standards  in  determining 
the  value  of  tetanus  antitoxin.  The  U.  S.  A.  unit,  officially  adopted  in 
this  country  and  practically  used  by  all  the  allied  nations  in  the  World 
War,  is  that  amount  of  antitoxin  necessary  to  j)reserve  the  life  of  a  350- 
gram  guinea  pig  for  96  hours  when  mixed  with  100  minimum  lethal 
doses  of  the  toxin  and  injected  subeutaneously.     One  German  unit,  gen- 
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erally  written  1  A.  E.,  is  equivalent  to  40  U.  S.  A.  units.  Tlie  minimum 
lethal  dose  of  the  toxin  used  by  the  U.  S.  Public  Health  Service  in  stand- 
ardizing the  antitoxin  is  0.000006  gram  and  the  test  dose  for  the  stand- 
ardization of  sera  (100  minimum  lethal  doses)  is  0.0006  gram.  Madsen, 
of  Copenhagen,  President  of  the  Provisional  Health  Committee  of  the 
League  of  Nations,  has  taken  steps  to  secure  the  international  standard- 
ization of  all  antitoxins. 

There  is  some  advantage  in  the  preparation  of  antitoxin  in  having  a 
powerful  toxin.  For  this  purpose,  the  bacillus  is  frequently  grown  in 
a  glucose  broth,  slightly  alkaline,  and  containing  a  piece  of  sterile  tissue. 
London,  working  in  Petrograd  in  1917,  reported  that  b}^  precipitating 
a  filtered  culture  with  a  seventeen  per  cent  ammonium  sulphate  solu- 
tion he  obtained  a  toxin  which  killed  white  mice  in  two  days  in  a  dose 
of  0.00000002  gram. 

Tetanus  in  the  World  War. — When  the  World  War  began  on  the 
Western  Front,  tetanus  antitoxin  was  not  employed  prophylactically 
in  any  army.  The  percentage  of  the  wounded  who  developed  tetanus 
was  large  and  the  percentage  of  deaths  among  the  cases  was  also  large. 
In  the  English  Army  the  incidence  of  cases  of  tetanus  per  1,000  of 
wounded  reached  its  highest  point  in  September,  1914,  and  included 
those  who  were  injured  at  the  Battle  of  Mons  and  at  the  Battle  of 
the  Marne.  In  October,  1914,  the  incidence  declined  slightly,  as  shown 
among  those  wounded  at  La  Bassee  and  Ypres.  About  this  time  pro- 
phylactic doses  of  tetanus  antitoxin  were  administered  to  all  the 
wounded.  As  a  result  of  this,  or  at  least  following  it,  these  facts  in 
regard  to  tetanus  were  observed:  (1)  The  percentage  of  the  wounded 
who  developed  this  disease  markedly  decreased.  (2)  The  period  of 
incubation  or  the  time  elapsing  between  the  receipt  of  the  wound  and 
the  development  of  first  sj^mptoms  was  prolonged.  (3)  The  percentage 
of  deaths  among  cases  was  decreased.  In  the  English  Army  during 
1914-1915  there  was  an  average  incubation  period  of  13.4  days,  while  from 
December,  1917,  to  April,  1918,  the  average  period  of  incubation  was 
46.2  days.  Bruce  says  that  the  case  mortality  rate  was  lowered  from 
85.0  to  44.3  per  cent,  and  he  attributed  this  in  large  part  to  the  prophy- 
lactic employment  of  antitoxin.  At  first  the  prophylactic  dose  employed 
in  the  English  Army  consisted  of  500  U.  S.  A.  units,  but  this  was  in- 
creased to  1,500  units.  There  is  some  doubt  as  to  the  benefit  to  be 
attributed  to  this  increase.  The  first  dose,  administered  as  soon  as  pos- 
sible after  the  infliction  of  the  wound,  was  repeated  weekly  until  the 
wound  was  entirely  healed.  It  is  generally'  believed  that  whatever  the 
dose  of  antitoxin  administered,  practically  all  of  it  has  been  eliminated 
from  the  body  within  a  Aveek.    MacConkey  says: 
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"If  the  dose  of  500  units  is  repeated  at  the  end  of  a  week,  and  of  a  fortnight, 
after  the  receipt  of  the  wound,  we  should  not  use  any  more  serum,  and  we  should 
probably  get  a  more  prolonged  immunity  than  by  giving  the  1,500  units  which  some 
surgeons  seem  to  prefer. ' ' 

As  experience  with  the  prophylactic  employment  of  tlie  antitoxin 
proceeded  it  became  evident  that  there  were  cases  which  no  amount  of 
this  agent  would  save,  and  these  cases  were  those  in  which  the  wounds 
were  not  freed  from  foreign  bodies  and  from  devitalized  tissue.  These 
observations  led  to  more  thorough  surgical  treatment.    Bruce  wrote : 

' '  The  surgeon 's  knife,  after  all  is  said  and  done,  is  the  best  means  of  preventing 
the  occurrence  of  tetanus.  It  stands  in  the  first  rank  as  prophylactic.  Dead  putrefy- 
ing tissue  is  the  home,  the  favorite  environment  of  the  anaerobe.  Place  washed  tetanus 
spores  among  healthy  living  tissues  and  there  is  nothing  doing.  Add  a  trace  of  gas-  ' 
gangrene  toxin,  or  a  chemical  irritant,  such  as  saponin,  or  a  physical  irritant,  such  as 
earth  or  any  foreign  body,  and  the  tetanus  bacilli  have  their  tails  up  at  once.  At  the 
beginning  of  the  war  the  treatment  of  wounds  was  not  thorough  enough  at  the  primary 
operation.  It  was  thought  sufficient  to  wash  out  the  wound  and  apply  an  antiseptic. 
Lately,  however,  the  thorough  excision  of  wounds  has  come  more  and  more  into  vogue. 
*  *  *  It  has  been  made  clear  that  many  kinds  of  bacteria  may  lie  latent  in  wounds 
for  months  or  even  years,  and  that  complete  healing  of  the  wounds  may  take  place  in 
spite  of  their  presence.  These  collections  of  bacteria  lying  in  the  depths  or  scar  tissue, 
or  sequestrum  or  bone,  may  give  rise  to  no  inconvenience,  but,  on  the  other  hand,  some 
slight  accident  such  as  a  fall  or  a  plastic  operation  undertaken  months  after  the  wound 
has  healed,  or  even  the  ordinary  operation  of  massage,  may  release  them  and  start  an 
attack  of  tetanus  months  or  even  years  after  the  wound  was  received.  Naturally  it  is 
the  resistant  spore-bearing  anaerobic  bacteria,  such  as  tetanus  and  gas  gangrene,  which 
persist  longest  in  the  wounds;  in  fact,  as  Goadby  has  shown,  end-sporers  similar  to 
tetanus  bacilli  have  been  found  in  bone  sequestrum  as  late  as  three  years  after  the 
infliction  of  the  wound. ' ' 

In  the  beginning  of  the  war  much  of  the  tetanus  was  attributed  to 
the  presence  in  the  wounded  tissue  of  B.  welchii  or  the  bacillus  of  gas 
gangrene.  Bull  and  Pritchett,  of  the  Rockefeller  Institute  of  New 
York,  prepared  an  antitoxin  for  this  bacillus  and  experimentally  dem- 
onstrated its  value.  By  March,  1918,  a  double  serum  containing  tetanus 
and  the  Welch  bacillus  antitoxin,  was  ready  for  iise,  and  by  July  of  the 
same  year  another  antitoxin,  that  for  the  Vibrion  septique,  was  pre- 
pared. This  triple  serum  contained  1,500  units  of  tetanus,  250  units 
of  gas  gangrene,  and  2,500  units  Vibrion  septique  antitoxins.  However, 
by  this  time  the  surgeon  had  learned  to  cleanse  most  wounds  so  thor- 
oughly that  during  the  remaining  months  of  the  Avar  there  was  but 
little  tetanus. 

The  value  of  the  prophylactic  administration  of  tetanus  antitoxin 
was  thoroughly  demonstrated  during  the  World  War.  Bazy  reports 
on  200  wounded  from  the  same  sector.  Of  these,  100  received  the  anti- 
toxin immediately  after  being  wounded  and  only  one  developed  the 
disease ;  in  the  remaining  100  who   received  no  serum  there  were  18 
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cases.  Columbiiio  had  under  liis  care  200  wounded  in  the  same  battle. 
All  but  two  had  prophylactic  injections.  The  two  developed  tetanus, 
while  there  was  no  case  among  the  198  who  received  the  treatment. 
Walther  had  under  charge  270  Avounded  German  prisoners.  To  these 
he  gave  all  the  antitoxin  he  had.  Among  the  treated  there  was  only 
one  case  of  the  disease,  while  among  the  untreated  there  were  19. 
Fredet  had  in  his  ward  many  wounded  French  soldiers  and  12  wounded 
German  prisoners.  To  the  French  he  administered  antitoxin,  but  the 
German  surgeon  objected  to  the  administration  of  a  French  preparation 
to  his  comrades.  Of  the  12  German  wounded,  six  developed  tetanus, 
while  in  a  much  larger  number  of  the  serum-treated  French  there  was 
no  case  of  the  disease.  Bruce  says  that  before  the  prophylactic  use  of 
tetanus  antitoxin  in  the  British  Army  the  incidence  of  tetanus  per  1,000 
wounded  ran  from  15  to  32,  while  after  the  adoption  of  prophylactic 
doses  of  antitoxin  this  figure  fell  to  between  two  and  three.  Among  the 
romantic  incidents  of  the  World  War  may  be  recalled  the  fact  that 
tetanus  prevailed  among  besieged  British  soldiers  at  Kut-el-Amara  until 
an  aviator  arrived  with  a  supply  of  antitoxin.  As  we  have  already 
stated,  in  our  Civil  War  there  were  two  cases  of  tetanus  for  every  1,000 
wounded  men ;  in  the  A.   E.  F.  there  were  less  than  two  per  10,000. 

Eepetition  of  the  prophylactic  dose  every  eight  days  proved  to  be  of 
value.  This  is  necessary  because,  as  we  have  stated,  whatever  the  dose 
administered,  all  the  antitoxin  has  been  eliminated  within  a  week  or 
ten  days.  It  has  been  shown  that  tetanus  spores  may  lie  in  wounded 
tissue  quite  indefinitely;  and,  furthermore,  it  sometimes  happens  that 
a  wound  is  not  infected  at  the  time  of  its  receipt,  but  becomes  so  later. 
The  wounded  man  crawling  over  the  ground  may  infect  himself,  or  he  may 
first  receive  the  infection  during  transportation.  There  are  cases  known 
in  which  the  infection  has  not  entered  the  body  through  the  wound 
inflicted,  but  through  a  bed-sore.  It  Avas  certainly  demonstrated  during 
the  war  that  no  amount  of  antitoxin  prophylactically  administered  will 
prevent  the  development  of  tetanus  in  all  cases  and,  as  Bruce  has  said, 
the  surgeon  is  largely  responsible  and  is  the  most  important  agent  after 
all  in  the  prevention  of  the  development  of  this  disease  in  war.  That 
prophylactic  injections  do  prolong  the  period  of  incubation,  or,  in  other 
words,  delay  the  development  of  the  symptoms  of  the  disease,  has  been 
abundantly  demonstrated  and,  since  the  chance  of  recovery  grows 
greater  with  increase  in  the  period  of  incubation,  it  follows  that  even 
when  the  development  of  the  disease  is  not  prevented  the  mortality  is 
lessened.  Experience  in  the  war  has  demonstrated  that  so  long  as  the 
tetanus  spores  remain  in  the  body  the  disease  may  develop.  Sleeping 
tetanus  spores  in  the  tissue  may  be  awakened  weeks,  months  and  even  years, 
after  they  have  been  introduced.  An  operation  for  the  removal  of  a 
foreign  body   should  not.be   performed  without   the   administration   of 
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tetanus  antitoxin.  Starker  has  collected  from  the  literature  18  cases 
of  tetanus  in  which  the  disease  developed  more  than  60  days  after  re- 
ceipt of  the  wound,  and  in  most  of  these  the  symptoms  have  first  ap- 
peared after  a  secondary  operation.  In  one  instance  the  operation 
was  for  the  purpose  of  removing  a  foreign  body  which  had  been  em- 
bedded in  the  tissue  for  five  and  one-half  years;  six  days  later  tetanus 
developed.  In  another,  an  operation  for  a  traumatic  hernia  made  389 
days  later  was  followed  after  12  days  by  tetanus.  A  fractured  humerus 
was  operated  on  four  months  lat^r  on  account  of  nonconsolidation  and 
after  four  days  tetanus  developed. 

Cases  of  recurrent  tetanus  were  occasionally  seen  during  the  war. 
Some  of  these  followed  manipulation  of  the  wounded  part,  such  as 
massage  and  passive  movement.  In  other  cases  the  recurrence  of  the 
symptoms  after  the  lapse  of  days,  and  possibly  weeks,  could  not  be 
explained  by  any  mechanical  disturbance  or  irritation  of  the  Avounded 
parts.  Sick  reports  a  case  in  which  the  sj^nptoms  recurred  five  times 
within  15  months. 

There  are  in  the  literature  a  few  instances  of  chronic  tetanus.  Grober 
reports  a  case  of  a  twelve-year-old  boy  who  developed  tetanus  in  con- 
sequence of  a  wound  on  a  toe  and  Avas  in  a  more  or  less  constant  spasm 
for  tAvo  years,  during  Avhich  time  he  breathed  only  Avith  the  intercostal 
muscles  and  Avas   nourished  artificially. 

The  Value  of  Antitoxin  in  the  Treatment  of  Tetanus. — The  value  of 
tetanus  antitoxin  as  a  curative  agent  has  been  made  more  CAddent  by 
the  experiences  of  the  World  War.  In  declared  tetanus  it  often  fails, 
but  it  giA^es  better  results  than  auA^  other  line  of  treatment  and,  in  fact, 
is  at  present  the  only  staff  upon  Avhich  Ave  can  depend.  According  to 
Mathieu,  the  mortality  in  960  cases  treated  with  serum  has  been  38.8 
per  cent,  Avhile  in  those  not  treated  Avith  serum  it  has  been  80  per  cent. 
According  to  Permin,  the  mortality  among  those  receiving  serum  treat- 
ment was  57.7  per  cent,  Avhile  among  those  receiving  no  serum  it  Avas 
78.9  per  cent.  While  these  results  are  not  striking  and  leaA^e  much  to 
be  desired,  they  are  sufficiently  encouraging  to  justify  the  continuance 
of  this  treatment.  Of  course,  if  the  Avound  is  still  an  open  one,  excision 
may  be  undertaken;  but,  CA^en  AA^hen  this  can  be  done,  it  is  desirable  in 
declared  tetanus  to  introduce  into  the  body  speedily  as  large  an  amount 
of  the  antitoxin  as  is  possible.  One  has  choice  of  subcutaneous,  intra- 
A''enous,  intraspinal,  and  intraneural  injections.  It  Avill  ]3robably  be 
well  not  to  rely  exclusiA^el}'  upon  any  one  of  these  procedures ;  indeed, 
all  aA^enues  may  be  used.  The  quickest  Avay  to  reach  every  part  of  the 
body  is  by  intravenous  injection.  An  adA^antage  is  supposed  to  lie  in 
the  intraspinal  method,  since  by  this  the  antitoxin  is  brought  into  im- 
mediate contact  Avith  the  cord  in  Avhich  the  toxin  is  held  in  combination. 
The   evidence  has  groAvn  more   convincing  that,  while   the  intraspinal 
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injection  should  not  be  the  sole  reliance,  it  should  always  be  employed 
in  connection  with  other  avenues.  Theoretically,  intraneural  injections 
are  attractive.  It  is  supposed  that  the  antitoxin  will  follow  the  toxin 
and  travel  up  either  the  axis  cylinder  or  the  neural  lymphatic  channels, 
but  in  declared  tetanus  it  is  evident  that  all  motor  nerves  in  the  body 
are  involved  and  it  is  quite  out  of  the  question  to  try  to  make  an  injec- 
tion of  antitoxin  into  every  motor  nerve.  We  are  sure  that  the  intra- 
neural injection,  whether  employed  or  not,  should  not  be  the  sole 
method.  One  hundred  thousand  units  might  be  administered,  sub- 
cutaneously  or  intravenously  or  divided  between  the  two  procedures, 
in  the  course  of  the  first  24  hours.  In  employing  the  intraspinal  method, 
a  small  quantity  of  the  spinal  fluid  is  withdrawn  and  replaced  by  from 
3,000  to  10,000  units  of  the  antitoxin.  This  may  be  repeated  within 
24  hours.  Ashhurst  reports  two  cases  treated  at  the  Episcopal  Hospital 
in  Philadelphia  and  compares  the  cost  of  the  treatment.  In  the  first, 
the  patient  received  subcutaneously  99,000  units  the  first  day,  65,000  the 
second,  60,000  the  third,  or  a  total  of  224,000  units,  which  cost  $180; 
the  other  case  received  3,000  units  intraspinally  on  the  first  day,  750 
units  in  the  sciatic  nerve  and  750  units  into  the  tissue  around  the 
wound  on  the  second  day.  The  patient  recovered  and  the  cost  of  the 
antitoxin  was  $3.  As  a  rule,  it  is  well  to  get  large  quantities  into  the 
body,  and  this  is  most  easily  and  satisfactorily  accomplished  by  the 
intravenous  route.  In  addition,  the  injection  of  from  5,000  to  10,000 
units  intraspinally  is  desirable,  and  this  may  be  repeated  daily.  Park 
and  Nicoll  recommend  the  intraspinal  administration  as  soon  as  possible 
of  from  3,000  to  5,000  units  and  at  the  same  time  from  10,000  to  15,000 
units  both  intravenously  and  subcutaneousl}^  Andrewes  increases  the 
intraspinal  dose  to  from  20,000  to  30,000  units,  which  is  now  possible 
since  a  highly  concentrated  antitoxin  of  2,000  or  more  units  per  cubic 
centimeter  has  been  obtained.  Doyon  suggests  that  patients  receiving 
intraspinal  injections  should  be  kept  with  the  head  down  and  the  body 
at  an  angle  of  forty-five  degrees  in  order  to  aid  the  antitoxin  in  reaching 
the  upper  segments  of  the  cord. 
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CHAPTER  XXVIII 

VERRUGA  PERUVIANA 

Peruvian  Wart;  Carrion's  Fever;  Oroya  Fever;  Andean  Wart 

Description. — This  disease  is  limited,  so  far  as  is  known,  to  certain 
Andean  valleys  lying:  between  the  ninth  and  sixteenth  parallels  of  south 
latitude  and  at  elevations  from  3,000  to  10,000  feet.  Concerning  these 
valleys  Hirsch  makes  the  following  statement: 

''AH  the  localities  affected  by  the  disease  have  the  same  natural  features.  They 
are  deep-cleft  narrow  valleys,  whose  sides  are  formed  of  bare  rock  (granite  and  diorite), 
and  their  bottom  of  clay  covered  with  luxuriant  vegetation  and  traversed  by  a  moun- 
tain stream  which  may  fall  in  cascades  or  flow  smoothly.  The  disease  occurs  in  these 
valleys  just  for  so  far  as  they  continue  to  be  narrow  and  gorge-like;  wherever  the 
valley  widens,  it  may  be  not  more  than  a  few  kilometers  from  the  veiTuga-center,  there 
is  not  a  trace  of  the  disease  to  be  found.  Owing  to  the  conformation  of  these  valleys, 
the  day  temperature  in  them  is  high  (maximum  of  95°  to  103°  F.)  notwithstanding 
their  elevation,  whereas  the  nights  are  cold,  so  much  so  that  a  diurnal  range  of  25° 
to  35°  F.  is  2iot  infrequently  observed.  In  contrast  to  the  rainless  coast  of  Peru,  there 
is  here  a  rainy  season  (August  to  November),  although  the  rainfall  is  certainly  not 
very  copious;  the  dry  season  lasts  from  January  to  June,  and  in  the  transition  months 
(December  and  July),  violent  storms  blow  from  the  Sierra.  The  poi)ulation  of  the 
verruga-valleys  belong  mostly  to  the  Ando-Peruvian  race;  they  are  very  sparsely  scat- 
tered, miserable  in  circumstances  and  degenerate  in  body.  Their  food  consists  of 
fruits,  salted  flesh,  rice,  a  few  esculent  roots,  and  eggs;  their  drink  is  spring  water, 
turbid  from  the  admixture  of  mineral  matters,  which  is  fetched  in  earthen  vessels  and 
allowed  to  stand  until  the  suspended  substances  subside." 

The  best  known  endemic  areas  lie  in  the  adjoining  provinces  of 
Ancachs  and  Lima.  The  disease  does  not  occur  along  the  coast  and 
there  is  no  endemic  area  at  an  elevation  below  2,800  feet.  The  best 
studied  area  is  that  which  lies  along  the  railroad  between  Lima  and 
Oroya.  During  the  construction  of  this  road  in  the  early  seventies  of 
the  nineteenth  century  the  disease  became  epidemic  not  only  among 
the  navvies  doing  unskilled  work,  but  also  among  the  English  engineers 
who  had  charge  of  the  construction.  Leaving  Lima,  this  railroad  fol- 
lows the  Rimac  River,  which,  in  the  mountains  breaks  up  into  two 
tributaries,  the  Santa  Eulalia  and  the  Cocachacra,  and  it  is  along  these 
and  their  tributaries  that  the  deep  gorges  constituting  the  endemic 
areas  of  this  disease  are  found.  One  of  the  tributaries  of  the  Cocachacra 
is  locally  known  as  "aqua  de  verrugas"  because  of  the  belief  of  the 
natives  that  this  disease  is  caused  by  drinking  the  water. 

As  we  shall  see  later,  there  is  still  some  dit¥erence  of  opinion  as  to 
whether  what  is  now  known  as  Oroya  fever  is  a  preliminary  stage  of 
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verruga  or  a  distinct  disease  prevailing  in  the  same  localities  simnl- 
taneously.  Oroya  fever  varies  considerably  in  the  suddenness  and  in- 
tensity of  attack.  The  onset  may  be  gradual  and  accompanied  by  rheu- 
matic pains,  which  may  be  confined  to  a  single  joint  or  muscle  or  be 
more  widely  distributed.  The  fever  is  intermittent  and  is  accompanied 
by  irregular  chills  which  are  followed  by  marked  rise  in  temperature, 
often  reaching  104°  F.  and  even  higher.  Whether  the  onset  be  gradual 
or  abrupt  there  is  an  enormous  destruction  of  red-blood  corpuscles,  the 
number  falling  often  within  a  few  days  from  the  normal  of  from  four 
to  five  million  per  c.mm.  to  less  than  half  that  number.  The  blood 
picture  is  one  of  pernicious  anemia.  In  all  cases  there  is  marked  leu- 
cocytosis  with  great  increase  in  the  number  of  polymorphonuclears. 

Usually,  after  the  febrile  stage,  which  has  just  been  described,  has 
continued  for  from  a  few  weeks  to  some  months,  the  skin  begins  to 
itch  and  the  eruption  occurs  over  the  face,  body  or  extremities.  It  may 
be  more  marked  in  one  of  these  localities  than  in  another.  Sometimes 
the  face  and  body  practically  escape,  while  all  the  extremities  are 
thickly  covered  with  the  nodules.  In  some  instances  the  eruption  in- 
vades the  mouth  and  involves  the  tongue,  gums,  palate,  and  fauces.  At 
first  the  cutaneous  eruption  consists  of  erythematous  spots  with  small 
vesicles  which  rarely  become  pustular.  These  are  soon  supplanted  by 
nodules,  which  vary  greatly  in  size.  They  look  like  warts,  become 
fungous,  and  bleed  readily.  Castellani  and  Chalmers  make  the  follow- 
ing statement  concerning  the  eruptive  stage  of  this  disease : 

"The  area  of  the  skin  on  which  the  spots  appear  is  usually  edematous,  a  feature 
most  commonly  observed  on  the  legs.  With  the  appearance  of  the  eruption  the  fever 
declines,  the  general  symptoms  abate,  and  the  patient  feels  better,  but  the  blood  shows 
a  marked  diminution  in  the  red  cells,  some  of  which  are  nucleated,  and  a  corresponding 
reduction  in  the  hemoglobin,  and  this  anemia  may  be  aggravated  by  hemoiThages  from 
the  nodules,  which  may  be  so  severe  as  to  cause  the  death  of  the  patient.  This  blood 
condition  has  been  carefully  investigated  by  Monge,  who  finds  that  at  the  commence- 
ment of  the  illness  there  is  oligocythemia,  microcytes,  macrocytes,  normoblasts,  and 
megaloblasts  (under  1,000  per  cubic  millimeter),  with  poikilocytosis,  polychromato- 
philia,  and  granular  red  cells.  The  hemoglobin  value  is  raised.  The  white  cells  are 
increased,  and  there  is  slight  polymorphonucleosis.  The  mononuclears  have  well  marked 
basophilic  protoplasm.  At  this  stage  the  verrugas  may  develoj)  in  the  internal  organs, 
and  cause  serious  symj)toms;  thus  in  the  laiynx  they  will  cause  dyspnea;  in  the 
bronchi,  bronchitis;  in  the  lungs,  pneumonia;  in  the  pleura,  pleurisy;  in  the  nose, 
epistaxis  and  difficulty  in  nasal  breathing;  in  the  esophagus,  dysphagia;  in  the  intes- 
tines, bloody  diarrhea;  in  the  meninges,  brain  symx^toms;  in  the  eye,  amblyopia;  and 
in  the  uterus,  metrorrhagia." 

In  cases  ending  in  recovery  successive  crops  of  these  warty  growths 
may  come  and  go  for  six  months  or  longer  and  finally  disappear.  The 
ulcerating  nodules  gradually  cease  to  discharge  any  secretion  and  cic- 
atrize.   It  may  be  well  to  repeat  that  the  febrile  stage,  which  we  have 
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described  as  preliminary  to  the  eruptive  stage  of  verruga,  is  believed  by 
some,  especially  by  Strong  and  his  collaborators,  to  be  a  disease  v^^holly 
distinct  from  verruga.  The  febrile  stage,  v^hether  it  be  a  distinct  dis- 
ease or  preliminary  to  the  eruptive  stage  is  easily  recognized  in  endemic 
areas  by  the  rapidity  with  which  the  red-blood  corpuscles  are  destroyed 
and  the  blood  picture  of  pernicious  anemia  is  developed. 

History. — While  the  conquest  of  Peru  was  still  in  progress,  Zarate, 
Chancellor  of  the  newly-founded  City  of  Lima,  wrote  as  follows: 

"This  country,  situated  between  the  tropic  and  the  equator,  is  very  unliealthf ul ; 
the  men  here  suffer  from  a  wart  or  small  tumor  like  a  boil,  very  malignant  and  dan- 
gerous, wMch  appears  on  the  face  or  other  parts  of  the  body,  and  is  more  destructive 
than  the  smallpox  and  almost  as  disastrous  as  the  plague  itself. ' ' 

Other  historians  of  that  time  tell  us  that  numbers  of  Pizarro's  small 
army  died  from  hemorrhages  resulting  from  gangrenous  ulcers  on  the 
skin.  One  narrator  says  that  one-fourth  of  Pizarro's  seven  hundred  men 
died  from  this  cause.  At  first,  it  seems  rather  strange  that  from  the 
middle  of  the  sixteenth  to  the  middle  of  the  nineteenth  century  nothing 
was  heard  of  this  very  striking  and  peculiar  Andean  disease.  A  brief 
statement,  however,  of  the  topographical  divisions  of  this  country,  with 
their  marked  differences  in  climate,  flora,  and  fauna,  including  races 
of  men  with  different  habits  of  life  and  widely  variable  stages  of 
civilization  which,  from  time  to  time  under  political  domination,  fluctu- 
ated markedly,  will  do  much,  in  our  opinion,  to  explain  the  absence  of 
any  account  of  this  disease  through  this  long  period.  The  Andean  region, 
including  the  whole  of  Peru  and  extending  farther,  both  north  and 
south,  is  topographically,  geologically,  and  climatically  divided  into 
three  distinct  areas.  The  maritime  portion  bordering  on  the  Pacific 
and  extending  eastward  to  the  Andean  foothills  is  a  sandy  plain  of 
variable  width,  traversed  at  variable  intervals  by  two  kinds  of  rivers 
flowing  into  the  Pacific.  Some  of  these  rivers  rise  in  the  higher  moun- 
tains, are  fed  from  the  snow-capped  peaks,  and  flow  throughout  the  year, 
while  others  have  their  source  in  the  lower  elevations  and  their  beds 
are  dry  at  certain  seasons.  It  will  be  seen  from  this  that  necessarily  the 
littoral  varies  greatly  throughout  its  length  north  and  south,  in  its 
fertility  and  its  ability  under  natural  conditions  to  support  a  popula- 
tion. So  far  as  we  can  learn,  the  Pacific  border  of  South  America  in 
pre-Columbian  days  was  inhabited  but  sparsely  and  with  an  inferior 
race"  of  people.  The  disease  which  M^e  are  discussing  is  not  now, 
and  never  has  been,  indigenous  to  this  region.  The  second  transverse 
area  of  the  Andean  territory  is  known  as  the  Sierra  and  consists  of  a 
region  of  varying  width  and  at  altitudes  running  from  3,000  to  12,000 
feet.  The  civilization  of  the  Incas  was  confined  to  the  Sierra  and  this 
presents  a  great  variety  not  only  in  altitude,  but  in  temperature  and 
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fertility.  The  third  division  of  the  western  part  of  Soutli  America  has 
always  been  known  as  the  Montanas.  This  occupies  the  eastern  slopes 
of  the  Andes  extending  into  the  jungles  and  swamps  of  the  upper 
Amazon  and  its  tributaries.  With  this  division  we  are  not  concerned 
in  our  present  study;  in  fact,  our  present  interests  confine  us  to  the 
Sierras.  Here  existed  the  ancient  civilization  of  Peru.  It  was  in  this 
region  that  the  Spanish  invaders  found  a  people  or  peoples  possessed  of 
an  unexpected  civilization  and  owners  of  great  wealth.  The  conquerers 
did  not  take  up  their  residence  in  the  Sierra  area,  but  withdrew  and 
began  building  Spanish  cities  along  the  coast  in  the  maritime  area. 
From  1530  or  thereabouts,  for  nearly  300  years  the  viceroys  of  Spain 
occupied  the  Peruvian  coast,  held  in  slavery  and  worked  in  the  mines 
the  descendants  of  the  Inca  tribes  and  took  no  further  interest  in  the 
Sierra  region  than  to  draw  from  it  wealth  secured  by  the  toil  of  its  native 
inhabitants ;  in  other  Avords,  during  these  300  years  there  was  no  human 
interest,  or  but  little,  in  the  country  Avhich  produced  the  ancient  civili- 
zation and  in  the  gorges  of  which  the  disease  Ave  are  now  studying, 
existed  before  the  Spanish  conquest,  has  continued  since  that  time,  and 
has  only  recently  attracted  attention. 

One  of  the  earliest  modern  writers  on  verruga  peruviana  was  Smith, 
who  spent  some  years  in  Peru,  and  wrote  a  most  valuable  series  of 
papers  on  the  disease  in  the  three  areas  Ave  haA^e  mentioned.  In  dis- 
cussing the  diseases  seen  in  the  Sierras,  he  makes  the  following  state- 
ment : 

' '  By  verrugas  is  meant  a  disease  which  is  introduced  by  more  or  less  pyrexia,  and 
seA'eral  days  or  perhaps  weeks  of  aching  pains  of  the  body  and  limbs  more  especially; 
and  these  precursory  symptoms  are  relieved  by  an  eraption  of  delicate  wart-like  excres- 
cences of  vascular  papillae,  very  tender  and  apt  to  bleed  freely  when  roughly  touched. 
The  patient,  therefore,  is  generally  unable  to  walk  when  the  eraption  is  copious;  be- 
cause the  motion  of  the  body  in  the  early  stage  of  it  would  occasion  troublesome  hemor- 
rhage, and  even  when  lying  in  bed,  the  sheets  are  usually  stained  with  blood  and  Ijonph. 
The  crop  is  sometimes  scanty  and  confined  to  the  extremities;  but  on  other  occasions, 
it  breaks  out  on  the  face  and  body  as  well  as  on  the  extremities.  The  eruption,  which 
is  often  as  close  as  confluent  smallpox,  is  successive;  one  crop  coming  on  as  another 
drops  off,  and  lasting  perhaps  for  six  or  eight  months,  or  more.  Here  and  there  I 
have  observed  some  of  these  papillae  or  warty  excrescences  attain  tlie  size  of  a  rasp- 
berry, whilst  others  on  the  same  individual  were  not  larger,  and  some  OA'en  much  less, 
than  common  red  currants,  or  trout's  spaAvn,  which  they  somewhat  resemble  Avhen  only 
covered  with  a  very  thin  pellicle  on  their  summit.  On  being  cut  at  the  root  by  liga- 
ture, I  did  not  find  the  hemorrhage  profuse;  but  observed  that  they  grew  again  with 
great  rapidity,  and  eA^en  seemed  to  attain  a  larger  size,  whilst  they  certainly  became 
more  irritable  by  this  treatment.  To  cauterize  them  will  be  found  to  have  no  better 
result;  but  when  allowed  to  run  their  natural  course  they  gradually  crust,  fade,  and 
drop  away.  This  disease,  Avhich  a^^pears  to  be  an  indigenous  variety  of  yaws,  is  not 
confined  to  any  particular  race  or  complexion  of  people  nor  generally  believed  to  be 
contagious  or  infectious,   though  some  suspect  it,  Avithout  sufficient  reason,  to  be  an- 
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alogous  to  syphilis.  It  is  properly  a  disease  of  the  warm  glens;  and  all  the  cases 
which  I  saw  in  Lima  occurred  in  individuals  of  white  race  who  had  caught  the  disease 
in  some  quebrada  of  the  Sierra,  or  in  the  cabezadas  or  head-lands  of  the  maritime 
valleys. ' ' 

In  1845  Tschudi  wrote  on  this  disease,  giving  its  symptomatology, 
and  discussing  its  etiology.  He  says  that  along  the  trails  leading  from 
the  ocean  to  the  Cordilleras  there  are  many  springs  where  the  mule 
drivers  permit  their  animals  to  satisfy  their  thirst  but  themselves  de- 
cline to  drink,  saying  "es  agua  de  verruga."  He  mentions  certain  vil- 
lages in  the  valley  of  the  Cocachacra  where  the  disease  was  at  that  time, 
and  continues  to  be,  endemic.  He  says  that  Peruvian  wart  is  never 
known  to  occur  below  an  altitude  of  2,000  meters  or  above  one  of  5,000. 
This  author  expresses  no  definite  opinion  concerning  the  causative  agent 
•in  this  disease,  but  he  is  inclined  to  attribute  it  to  the  effects  of  the 
cold  air  on  an  overheated  body,  possibly  intensified  by  the  drinking  of 
large  quantities  of  cold  water. 

Smith  first  went  to  Corro  de  Pasco,  a  mining  town  at  an  altitude  of 
about  14,000  feet,  in  1826.  He  states  that  this  is  probably  the  highest 
inhabited  town  of  from  five  or  six  to  fifteen  or  sixteen  thousand  souls 
upon  the  face  of  the  earth.  Even  at  that  time  adventurers  from  various 
parts  of  Europe  and  America  were  coming  to  this  city  in  their  hunt  for 
hidden  treasures.  Speaking  of  the  change  in  living  conditions,  Smith 
in  1858  wrote  as  follows: 

"The  dreariness  and  discomfort  of  the  wet  season  in  this  climate  can  hardly  be 
conceived  by  those  who  did  not  visit  it  as  it  was  under  the  Spaniards.  But  now,  the 
comforts  of  coal  fires,  chimneys,  and  glass  windows,  introduced  by  the  English  mining 
company  have  become  general  and  rendered  this  naturally  inclement  region  of  the 
Andes  a  paradise  compared  to  what  it  was  at  the  close  of  the  War  of  Independence. ' ' 

It  might  be  added  that,  so  far  as  we  can  ascertain,  the  improvement 
in  living  conditions  as  described  by  Smith,  has  not  in  any  way  curtailed 
the  prevalence  of  the  disease  now  under  consideration.  In  the  fifties 
of  the  last  century,  Salazar,  Oriosola,  and  other  Peruvian  physicians 
wrote  extensively  on  verruga,  but  devoted  themselves  largely  to  symp- 
tomatology, pathology,  and  treatment.  They  added  nothing  to  our 
knowledge  of  the  etiology  of  the  disease. 

In  1871  Dounon,  a  French  naval  surgeon,  after  visiting  the  endemic 
villages  in  the  valleys  of  the  Cocachacra,  wrote  a  description  of  the 
disease,  which  was  the  most  complete  statement  made  up  to  that  time. 
He  convinced  himself  by  drinking  suspected  waters  and  by  permitting 
his  assistants  to  do  the  same  thing  that  the  source  of  the  disease  was 
not  in  the  water.  He  reported  that  certain  domestic  animals — dogs, 
cats,  and  fowl  are  subject  to  the  disease  and  present  characteristic  erup- 
tions  on  their  bodies.     In  the   quadrupeds,    growths   were   found  fre- 
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quently  to  have  pedicles  and  to  stand  out  like  muslirooms.  This  form 
is  seen  sometimes  on  man,  Domion  concluded  that  the  disease  is  not 
contagious.  He  observed  that  while  large  families  sometimes  occupied 
the  same  bed,  the  disease  Avas  not  transmitted  from  the  infected  to  the 
uninfected.  In  the  General  Hospital  at  Lima,  patients  v^^ith  this  dis- 
ease were  kept  in  the  general  wards  where  they  came  into  contact  not 
only  with  the  physicians,  but  with  other  patients  and  nurses  and  there 
had  never  been  observed  a  case  of  infection  acquired  under  these 
conditions. 

Following  Dounon's  publication,  great  enthusiasm  began  to  be  dis- 
played in  the  study  of  this  disease  and,  unfortunately,  this  zeal  caused 
the  death  of  a  medical  student  in  the  University  of  Lima,  Carrion  by 
name,  who,  on  August  27,  1885,  injected  into  both  his  arms  blood  taken 
from  a  verruga  nodule.  Twenty-one  days  later  he  developed  a  fever 
from  which  he  died  on  October  5.  This  sacrifice,  however,  did  not 
settle  the  question  of  the  transmissibility  of  verruga.  There  is  no  proof 
that  this  self  martyr  developed  verruga  or  that  this  disease  had  any- 
thing to  do  with  his  death.  It  did  lead,  however,  to  a  discussion  which 
had  previously  arisen  as  to  whether  the  fever  which  often  precedes  the 
eruption  is  a  part  of  the  eruptive  disease,  a  prodromal  stage,  or  a  dis- 
ease sui  generis  and  with  no  causal  relation  to  verruga.  Since  this  un- 
fortunate accident  Peruvian  physicians  have  designated  the  acute  fever 
which  is  prevalent  in  the  same  endemic  areas  as  verruga  and  which 
precedes  or  accompanies  the  eruptive  disease  so  frequently,  as  Carrion's 
disease  or  fever.  Bacteriologic  investigations  were  begun  and  claimants 
of  the  discovery  of  the  causal  agent  of  both  the  fever  and  the  eruptive 
disease  frequently  appeared.  Bacilli  and  micrococci  were  found,  iso- 
lated, and  used  in  inoculating  animals,  with  results  which  in  some  cases 
at  least,  satisfied  their  discoverers  that  they  had  found  the  true  virus ;  but 
none  of  these  satisfied  other  investigators. 

In  1898  Odriozola  published  in  French  a  most  exhaustive  monograph 
on  Carrion's  disease  and  verruga  peruviana.  In  1901  Barton,  of  Lima, 
found  a  microorganism  in  the  blood  in  Carrion's  disease.  At  first  this 
investigator  was  inclined  to  the  opinion  that  the  organism  which  he 
found  was  a  bacterium  and  he  stated  that  it  resembles  bacillus  coli 
communis  but  is  not  identical  with  this  well-l^nown  organism.  The 
stud.y  of  this  parasite  was  continued  by  Barton  and  others,  opinion  being 
divided  as  to  Avhether  it  is  a  bacillus  or  a  protozoan.  Some  investigators 
believed  it  to  be  B.  paratyphosus  B,  while  others  were  inclined  to  the 
opinion  that  it  is  best  classified  as  a  member  of  the  Gartner  group. 
Most  of  these  investigators  found  this  organism  only  in  the  febrile  state 
or  in  what  is  knoAvn  as  Oroya  fever  or  Carrion's  disease  and  did  not 
find  it  in  the  eruptive  stage  or  in  verruga.     They,  therefore,  concluded 
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that  Carrion's  disease  and  verrnga  are  two  distinct  diseases  prevalent 
in  the  same  localities  and  found  frequently,  either  in  sequence  or  simul- 
taneously, in  the  same  individual. 

In  1915  the  Harvard  School  of  Tropical  Medicine  sent  an  expedition, 
consisting  of  Strong,  Tyzzer,  Brues,  Sellards,  and  Gastiaburu,  to  Peru, 
especially  commissioned  to  study  Oroya  fever  and  verruga  peruviana. 
The  report  of  this  Commission  contains  the  following  statement : 

"According  to  the  generally  accepted  opinion  among  the  physicians  of  Peru  at  the 
lime  of  our  arrival  in  Lima,  the  disease  verruga  peruviana  in  the  severe  form  begins 
with  an  initial  stage  known  as  the  fiebre  grave  de  Carrion  which  is  characterized  by 
a  fever  which  lasts  from  15  to  30  days,  profound  anemia,  prostration,  and  a  high  mor- 
tality. If  the  patient  does  not  die  in  this  stage  the  fever  begins  to  abate,  and  the 
eruptive,  or  verruga  stage  commences.  If  the  eruption  is  generalized  and  abundant, 
then  it  is  stated  that  the  patient  is  sure  to  recover.  In  the  chronic  or  mild  form  of 
the  disease,  which  is  said  to  comprise  the  great  proportion  of  the  cases,  there  is  moder- 
ate fever  of  intermittent  or  remittent  character,  and  pains  in  the  joints  are  common; 
more  or  less  anemia  is  present.  The  eruption  is  said  to  be  the  culminating  feature 
in  both  forms,  and  it  appears  under  various  tyx^es  which,  according  to  the  special 
characteristics  they  reveal,  are  termed  'miliary,'  'nodular,'  or  'mulaire. ' 

' '  After  studying  these  conditions  in  Peru,  we  concluded  that  verruga  i:)eruviana  and 
Oroya  fever  are  two  distinct  diseases.  We  have  been  able  to  show  that  the  former 
is  due  to  a  virus  which  may  be  transmitted  to  animals  by  direct  inoculation  and  which 
produces  definite  lesions  in  them,  and  that  the  latter  is  due  to  an  organism  parasitic 
in  the  red-blood  corpuscles  and  endothelial  cells,  and  sufficiently  distinct  from  the 
other  hematozoa  to  be  placed  in  a  new  genus.  So  far  this  organism  has  not  been  suc- 
cessfully transmitted  to  the  lower  animals.  The  parasite  which  we  consider  to  be  the 
cause  of  Oroya  fever  produces  in  man  fever,  and  in  severe  infections  a  rapid  and  very 
pernicious  form  of  anemia,  which  results  in  extreme  prostration  and  frequently  in  death. 
Verruga  peruviana,  however,  is  evidently  very  rarely  a  fatal  disease  when  uncompli- 
cated with  other  infections.  It  is  particularly  characterized  by  an  eruption  upon  the 
skin  which  may  assume  a  very  different  appearance  in  different  stages  of  the  disease." 

The  Virus  of  Oroya  Fever. — Strong  and  his  collaborators  state  that, 
while  Oroya  fever  and  verruga  peruviana  have  in  general  the  same 
geographical  distribution,  the  endemic  areas  are  not  necessarily  the 
same,  although  this  point  has  not  been  worked  out  with  desirable  de- 
tail. The  virus  of  Oroya  fever  is  the  organism  first  seen  and  de- 
scribed by  Barton.  It  occurs  in  the  red-blood  cells  and  morphologically 
exists  in  two  forms — a  rod-like  body  from  1.5  to  2.5  microns  in  length 
and  from  .2  to  .5  micron  in  thickness ;  a  spherical  or  rounded  body  from 
.5  to  1  micron  in  diameter.  It  may  be  stained  by  the  Giemsa  method  in 
either  fresh  smears  or  fixed  preparations.  Not  being  able  to  determine 
the  classification  of  this  organism,  Strong  and  his  collaborators  propose 
that  it  be  designated,  for  the  present  at  least,  as  Bartonella  bacilli- 
formis.  It  has  not  been  grown  in  artificial  cultures  nor  has  any  one 
succeeded  in  inoculating  animals  with  it.  Mosquitoes  were  permitted 
to  bite  severe   cases   of  Oro^-a  fever,   and   subsequent  search  in  these 
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insects  for  tlie  organism  was  made  but  no  evidence  of  the  presence  of 
tlie  parasite  could  be  discovered  in  the  stomach  or  salivary  glands  of 
the  insect. 

The  Vims  of  Verruga  Peruviana. — Although  Strong  and  his  collab- 
orators were  unable  to  find  any  organism  to  which  they  could  attribute 
this  disease,  they  did  succeed  in  inoculating  a  certain  percentage  of 
the  monkeys  upon  which  they  experimented,  with  matter  taken  from 
the  cutaneous  eruptions.  Of  their  successes  in  inoculating  monkeys,  they 
wrote  as  follows: 

"If  the  skin  over  the  eye  is  scarified  and  a  small  portion  of  verruga  nodule  rubbed 
into  the  abrasions,  after  an  incubation  period  usually  of  ten  to  twenty  days,  small 
papules  appear  which  gradually  enlarge  and  later  assume  the  typical  picture  of  the 
verruga  nodules  as  seen  in  human  beings.  The  nodules  thus  produced  also  have  a 
similar  histological  structure  to  those  observed  in  man,  a  fact  that  will  be  referred  to 
again.  We  have  transmitted  this  virus  from  animal  to  animal  through  12  successive 
series  of  monkeys  since  our  departure  from  South  America  over  a  year  ago.  In  34 
monkeys  typical  lesions  have  been  produced  in  this  manner.  When  the  monkey  is 
inoculated  with  the  virus  either  directly  from  man  or  fi'om  another  monkey,  no  general- 
ized eruption  occurs;  as  in  the  case  when  this  animal  is  inoculated  with  smallpox 
virus,  only  a  modified  form  of  the  disease  develops.  It  is  probable  that  the  monkey  is 
not  as  susceptible  to  the  viras  of  verruga  or  even  to  that  of  smallpox  as  is  man.  The 
virus  of  verruga  also  calls  forth  no  appreciable  febrile  reaction  in  the  monkey  inocu- 
lated with  it,  and  none  of  the  monkeys  died  from  the  inoculation  with  this  virus.  The 
lesion  in  the  monkey  usually  begins  to  regi-ess  four  or  five  weeks  from  the  time  of 
inoculation. ' ' 

Experiments  were  made  for  the  purpose  of  determining  the  filtra- 
bility  of  this  virus,  but  the  results  were  not  satisfactory.  Strong  and 
his  collaborators  discuss  the  possibility  of  vaccination  as  a  means  of 
protection  against  verruga.  In  this  connection  they  make  the  following 
statement: 

"In  Peru  the  popular  opinion  prevails  that  one  attack  of  verruga  peruviana  confers 
immunity  against  subsequent  attacks.  It  is  certainly  exceptional  to  find  individuals 
who  have  suffered  two  distinct  attacks  of  the  disease.  We  have  performed  experi- 
ments in  animals  with  the  idea  of  discovering  whether  immunity  resulted  after  inocula- 
tion of  the  verruga  virus.  We  have  called  attention  to  the  fact  elsewhere  in  this  re- 
port, that  when  tlie  monkey  is  inoculated  with  the  virus  either  directly  from  man  or 
from  another  monkey,  no  generalized  eruption  occurs,  but  just  as  in  the  case  when  the 
calf  is  inoculated  with  smallpox  virus,  only  a  localized  lesion  develops.  We  have  found 
that  monkeys  may  be  very  successfully  immunized  by  a  single  cutaneous  inoculation 
of  the  verruga  virus,  and  when  such  monkeys,  are  reinoculated  no  lesion  develops.  In 
all  instances  in  which  the  monkey  is  successfully  vaccinated  with  the  virus  in  this 
manner,  it  has  been  protected  against  a  second  attempt  at  infection.  By  successful 
Aaccination  we  imply  the  development  of  the  local  lesion  following  the  inoculation. 
Animals  have  been  found  to  be  immune  for  as  long  a  period  as  six  months  after  the 
primary  inoculation.  It  therefore  seems  probable  that  by  using  the  virus  after  several 
passages  through  monkeys,  that  man  may  also  be  successfully  vaccinated  against  this 
disease  in  a  similar  manner  to  that  which  is  employed  against   smallpox.     The  virus 
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of  verruga,  however,  so  far  has  not  been  successfully  glycerinized,  as  we  have  called 
attention  to  elsewhere.  This  method  of  vaccination  against  verruga  seems  favorable, 
since  in  one  human  case  that  was  inoculated  with  the  virus  only  localized  lesions  de- 
veloped. It  is  hoped  that  in  the  near  future  vaccination  may  be  given  a  careful  trial 
m  Peru  where  the  disease  is  so  prevalent." 

Transmission. — Whether  verruga  peruviana  and  Oroya  fever  are  dif- 
ferent stages  of  the  same  disease  or  are  two  distinct  diseases  without 
any  direct  relationship,  the  agent  of  transmission  of  the  virus  or  viruses, 
is  not  known.  Townsend,  who  for  many  years  has  been  connected  with 
the  Entomological  Department  of  the  Peruvian  Government,  is  strongly 
of  the  opinion  that  the  vector  is  a  species  of  phlebotomus,  to  which  he 
has  given  the  name  P.  verrucarum.  This  little  fly,  theoretically  at 
least,  fills  the  bill  when  we  study  its  nature  and  habits.  Many  observers 
tell  us  that  if  one  spends  a  night  in  an  endemic  area  he  may  acquire  the 
infection.  The  traveler  may  pass  through  in  the  daytime  with  im- 
punity, but  if  he  lingers  overnight  in  a  valley  in  which  this  disease  is, 
or  these  diseases  are,  prevalent,  he  may  subsequently  give  evidence  of 
his  infection.  The  phlebotomus  is  a  minute  blood-sucking  nocturnal 
fly  which  is  able  to  pass  through  ordinary  mosquito  netting.  After 
impregnation,  the  female  seeks  some  animal  and  fills  herself  with  blood. 
She  then  retires  to  some  damp  place,  usually  a  minute  crack  in  a  stone 
or  brick,  and  deposits  her  eggs,  which  number  from  20  to  80.  Usually 
from  four  to  six  days,  depending  upon  the  temperature,  are  required 
before  the  eggs  hatch.  The  larvae,  which  are  only  from  two  to  five 
millimeters  in  length  and  which  are  not  easily  detected  since  in  color 
they  resemble  the  stone  upon  which  they  are  deposited,  develop  into 
the  pupal  stage,  the  duration  of  which  is  from  eight  to  thirty  days. 
Castellani  and  Chalmers  describe  the  habits  of  the  phlebotomus,  as 
follows: 

"These  little  flies  are  essentially  nocturnal  in  their  habits,  but  are  attracted  by 
light.  During  the  day  they  lie  up  in  cool  shady  places  in  houses,  etc.,  under  bricks,  in 
hollow  trees,  behind  shutters,  books,  pictures,  etc.,  often  in  bathrooms  and  more  often 
in  latrines.  They  are  very  small,  and  can  easily  pass  through  the  meshes  of  ordinary 
mosquito  curtain  and  fill  themselves  with  human  blood;  or,  failing  this,  they  will  con- 
tent themselves  with  animal  blood — e.  g.,  that  of  cattle,  dogs,  frogs,  geckos,  serpents, 
lizards,  etc.  They  fly  quite  silently,  and  only  the  female  bites,  and  that  only  at  night. 
She  appears  to  be  stimulated  in  her  biting  propensities  by  an  increase  of  humidity 
and  temperature,  and  will  even  crawl  under  the  bedclothes  to  get  at  her  victim.  During 
the  act  of  biting  the  posterior  end  of  the  abdomen  is  raised,  while  the  whole  abdomen 
becomes  much  distended  with  blood  and  reddish  in  color,  except  at  the  posterior  tip. 
*  *  *  The  larvae  are  very  difficult  to  find,  because  they  are  so  small,  while  the 
pupae  are  even  more  difficult  to  see,  because  not  merely  are  they  small,  but  they  are 
also  of  a  color  sunilar  to  the  stones  to  which  they  are  attached.  Hence  the  habits 
of  larvae  and  pupae  are  not  well  known,  and  require  to  be  restudied.  Their  presence 
may  be  determined,  even  when  they  cannot  be  found,  by  placing  the  stones  in  a  glass 
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case,  or  under  a  fine  uctting,  when  the  adult  flies  will  aj^i^ear  in   due  course   if  auy 
puj)ae  are  present. ' ' 

Prophylaxis. — Until  we  know  the  vector  in  this  disease,  or  these  dis- 
eases, it  will  be  necessary  to  speak  in  a  very  tentative  way  about  pro- 
tective measures.  From  what  has  been  said,  it  is  quite  evident  that  no 
one  acquires  the  disease  outside  of  the  endemic  areas,  and  that  even  in 
these  there  is  no  danger  of  infection  during  the  daytime.  It  has  been 
suggested  that  whatever  the  insect  engaged  in  transmission  may  be,  it 
avoids  lights  and  keeps  out  of  strong  air  currents.  When,  therefore, 
one  is  compelled  to  spend  a  night  in  an  endemic  locality,  artificial  light 
and  fans  may  be  employed.  Both  of  these,  however,  may  be  difficult  to 
secure  in  such  out  of  the  way  places  as  the  Andean  gorges.  As  a 
protection  against  the  phlebotomus,  Crawford  recommends  an  oint- 
ment consisting  of  one  drachm  each  of  oil  of  anise  and  oil  of  eucalyptus; 
one-half  drachm  of  oil  of  turpentine,  and  one  ounce  of  boric  acid  oint- 
ment. It  is  said  by  Giana  that  when  the  mortality  from  Oroya  fever 
became  an  important  matter  in  the  construction  of  a  railroad  through 
an  endemic  area,  a  day's  work  Avas  completed  and  the  workmen  left 
the  locality  before  sunset  and  the  prevalence  of  the  disease  was  greatly 
reduced. 
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CHAPTEE  XXIX 

ROCKY  MOUNTAIN  SPOTTED  FEVER 

Black  Fever;  Blue  Disease 

Description. — This  is  a  specific  infectious  disease  which  follows  the 
bite  of  a  certain  tick,  Dermacentor  andersoni,  whose  habitat  lies  in  certain 
valleys  in  the  Rocky  Mountains.  The  virus  of  this  disease  has  not  been 
fully  and  satisfactorily  identified.  During  a  period  usually  of  from  two 
to  eight  days  following  the  bite,  the  only  symptoms  recognized  consist  of 
pains  radiating  from  the  place  of  puncture.  The  period  of  incubation 
terminates  suddenly  in  a  chill,  which  may  recur  at  irregular  intervals, 
though,  as  a  rule,  with  decreasing  severity,  throughout  the  course  of  the 
disease.  The  initial  chill  is  accompanied  by  headache,  pain  in  the  back, 
joints,  muscles  and  bones,  with  bronchial  cough.  Following  the  initial 
chill,  fever  develops  rapidly  and  may  on  the  second  day  reach  104°  F.  and 
from  the  fifth  to  the  seventh  day  in  severe  cases  may  register  from  105° 
to  107°.  There  may  be  an  evening  exacerbation  and  a  morning  fall,  with 
step-like  increase  from  day  to  day  as  occurs  in  typhoid  fever.  The  aver- 
age duration  of  the  fever  is  about  two  weeks,  though  the  temperature  may 
not  permanently  fall  to  normal  within  less  than  four  weeks.  In  cases 
of  recovery  the  fever  disappears  by  lysis  and  in  fatal  cases  the  tempera- 
ture may  fall  several  degrees  below  normal  before  death. 

The  pulse,  as  a  rule,  keeps  somewhat  ahead  of  the  proportion  indicated 
by  the  fever.  In  severe  and  fatal  cases  it  may  reach  150  per  minute  and 
even  higher.  The  blood  is  generally  darker  than  normal,  is  somewhat  less 
fluid,  and  the  hemoglobin  content  usually  shows  a  decrease  during  the 
progress  of  the  disease.  In  severe  cases,  the  low  muttering  delirium,  so 
frequent  in  typhoid  fever,  is  in  evidence  and  is  accompanied  by  picking 
at  the  bedclothes  and  other  purposeless  movements. 

The  characteristic  eruption  appears  from  the  second  to  the  fifth  day 
after  the  chill,  sometimes  later.  It  is  first  seen  about  the  wrists  and  ankles 
or  on  the  back,  gradually  extending  however  to  the  entire  body,  the  ab- 
domen being  about  the  last  part  reached.  It  may  cover  the  palms  of  the 
hands,  the  soles  of  the  feet,  and  the  scalp.  At  first  one  sees  rose-colored 
macules,  generally  in  circles,  varying  in  diameter  from  1  to  5  mm.  The 
color  becomes,  as  the  disease  progresses,  bluish  and  purple,  thus  giving 
to  the  disease  some  of  the  local  names  by  which  it  is  designated.  In  severe 
cases  the  eruption  becomes  confluent,  leaving  only  brownish  spots  uncov- 
ered and  presenting  an  appearance  Avhich  has  been  likened  to  that  of  a 
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turkey's  egg.  There  may  be  edema  of  the  face  and  extremities.  About 
the  third  week  of  the  fever,  desquamation  begins  and  may  persist  for  days 
after  the  patient  is  quite  recovered.  In  severe  cases  there  may  be  cuta- 
neous gangrene,  especially  on  the  elbows,  fingers,  toes,  and  scrotum.  The 
mortality  varies  so  widely  in  different  localities  that  it  suggests  the  action 
of  different  strains  of  the  virus.  In  the  Bitter  Root  Valley  of  Montana 
the  mortality  has  been  seventy  per  cent  or  over,  while  in  Idaho,  Nevada, 
and  Wyoming  the  fatality  is  much  less  and  may  be  not  more  than  three 
per  cent.  It  is  believed  by  local  practitioners  and  by  those  who  have  vis- 
ited the  region  and  studied  cases  in  their  homes  that  there  are  mild  types 
of  the  disease,  even  in  those  regions  where  the  mortality  is  greatest.  The 
most  constant  postmortem  finding  is  enlargement  of  the  spleen,  with  sof- 
tening of  the  tissue  of  this  organ.  One  attack  confers  immunity  in  both 
man  and  animals.  The  transmission  of  the  disease  from  man  to  man  by 
the  bite  of  the  tick  was  demonstrated  by  McCalla  and  Breerton. 

History. — Physicians  along  the  Snake  Eiver  in  Idaho  state  that  this 
disease  has  been  known  in  that  region  since  1873,  but  the  first  published 
account  which  we  have  been  able  to  find  is  that  of  Maxey,  of  Boise,  Idaho, 
who  defined  the  disease  as  follows : 

"An  acute  endemic,  noncontagious,  but  probably  infectious  febrile  disease,  char- 
acterized clinically  by  a  continuous  moderately  high  fever,  severe  arthritic  and  muscular 
pains,  and  a  profuse  petechial,  or  puerperal  eruption  in  the  skin,  appearing  first  on  the 
ankles,  wrists  and  forehead,  but  rapidly  spreading  to  all  parts  of  the  body." 

In  1902  the  State  Board  of  Health  of  Montana  requested  Wilson  and 
Chowning  to  make  a  study  of  the  disease  in  the  Bitter  Root  Valley.  These 
investigators  made  a  stay  of  some  weeks  in  the  infested  region  in  May 
and  June  of  1902  and  repeated  their  visit  one  year  later.  While  engaged 
in  this  work  they  were  visited  and  assisted  by  Anderson  and  Cobb,  of  the 
U.  S.  Public  Health  Service,  and  by  Wesbrook,  of  the  University  of  Min- 
nesota. Their  investigations  were  confined  to  the  Bitter  Root  VaUey,  which 
is  bordered  on  the  west  by  the  Bitter  Root  Mountains  and  on  the  east  by 
the  Granite  Mountains.  Through  this  valley  flows  the  Bitter  Root  River 
for  a  distance  of  quite  50  miles,  receiving  tributaries  on  both  sides.  The 
disease  is  confined  to  that  part  of  the  valley  which  lies  west  of  the  Bitter 
Root  River  and  which  varies  in  width  from  five  to  ten  miles.  Up  to  that 
time  (1903)  over  200  cases  of  a  severe  type,  with  a  mortality  of  from 
seventy  to  eighty  per  cent  had  been  reported  in  this  narrow  strip  west 
of  the  Bitter  Root  River,  while  only  seven  cases  had  been  known  in  the 
more  extensive  part  of  the  valley  lying  to  the  east  of  the  river  and  it  was 
shown  that  at  least  some  of  these  had  acquired  the  disease  on  the  west  side 
of  the  river.  The  disease  was  found  to  occur  chiefly  in  the  spring,  the 
earliest  known  case  occurring  on  March  17  and  the  last  for  the  season  on 
July  20,  while  most  of  them  occurred  between  Maj^  15  and  June  15.    Con- 
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cerning  the  topography  and  climate  of  this  narrow  strip  of  land,  Wilson 
and  Chowning  make  the  following  statement : 

"The  Bitter  Eoot  range  of  mountains  is  very  rugged,  the  top  being  covered  with 
snow  until  about  July  1.  The  range  on  the  east  side  of  the  valley  is  less  rugged, 
though  the  snow  remains  a,lmost,  as  long  in  spriiig  as  on  the  west  side.  On  the  foothills 
the  snow  melts  from  sunny  exposures  as  early  as  February,  the  bulk  of  it  disappearing 
in  April  and  May.  The  cHmate  of  the  valley  is  very  mild,  as  is  evidenced  by  the  many 
orchards  of  apple,  pear,  cherry  and  plum  trees.  The  altitude  of  the  valley  is  about 
3,500  feet  above  sea  level.  The  population  is  made  up  largely  of  fairly  well  to  do 
ranchers,  the  majority  of  whom  have  come  from  Missouri,  Georgia  and  the  Carolinas. 
They  are,  as  a  rule,  cleanly  and  healthy.  The  lumber  industry  is  an  important  one, 
and  many  cases  of  'spotted  fever'  have  arisen  about  sawmills  and  on  ground  recently 
cleared  of  timber. ' ' 

Wilson  and  Chowning  had  no  difficulty  in  incriminating  a  tick,  which 
was  submitted  to  Stiles,  of  the  U.  S.  Public  Health  Service,  for  identifica- 
tion, who  finding  reasons  for  considering  it  a  new  species,  designated  it  as 
Dermacentor  andersoni.  It  was  found  that  this  tick  puts  in  an  appear- 
ance in  sunny  spots  as  soon  as  the  snow  leaves  the  ground  bare,  which  is 
usually  about  the  middle  of  February.  The  tick,  however,  remains  in- 
active during  the  greater  part  of  March  and  becomes  most  numerous  dur- 
ing May  and  June.  About  the  middle  of  June  it  is  seen  less  frequently 
and  disappears  about  the  middle  of  July. 

Wilson  and  Chowning  convinced  themselves  that  the  virus  of  the  dis- 
ease is  a  hematozoon  belonging  to  the  Piroplasma ;  they  named  it  Piro- 
plasma  hominis,  and  suggested  that  the  disease  be  known  as  "piroplasmosis 
hominis."  So  far  as  the  tick  is  concerned,  the  work  of  these  investigators 
holds,  but  others  have  not  been  able  to  confirm  the  existence  of  the  organ- 
ism which  they  describe. 

In  1906  Ricketts  began  his  studies  which  have  greatly  advanced  the 
solution  of  the  problems  connected  with  this  disease.  He  demonstrated 
that  the  monkey  (Macacus  rhesus)  and  the  guinea  pig  are  highly  sus- 
ceptible to  the  virus  of  this  disease ;  that  in  these  animals  the  incubation 
period  is  approximately  the  same  as  in  man;  that  the  course  of  the  fever, 
the  eruption,  and  the  anatomic  changes  correspond  closely  with  these 
features  in  man ;  that  indefinite  transmission  from  animal  to  animal  is 
possible  even  up  to  100  generations;  that  the  cell-free  serum  of  infected 
blood  contains  large  amounts  of  the  virus ;  that  the  virus  is  present  in 
abundance  in  artificially  induced  leucocytic  exudates  free  from  red  blood 
cells ;  that  prolonged  centrifugalization  of  serum  does  not  free  the  over- 
lying parts  from  the  virus ;  that  it  is  impossible  to  free  the  blood  cells 
from  the  virus  in  defibrinated  blood  by  ten  or  twelve  washings  with  physio- 
logic salt  solution,  though  this  process  decreases  the  virulence  of  the  blood. 

Commenting  upon  the  last-mentioned  demonstration,  Ricketts  wrote : 

"It  was  hoped  that  experiments  of  this  nature  might  bring  out  evidence  in  favor  of 
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or  against  the  piroj)lasma  theory  of  Wilson  and  Chowning.  I  believe,  however,  that  the 
results  do  not  justify  positive  conclusions  for  or  against  this  theory.  In  the  experi- 
ments cited  above  the  cell-free  serum  proved  rather  highly  infective;  this  event,  how- 
ever, does  not  preclude  the  possibility  of  a  piroplasmatic  infection,  for,  although 
piroplasmas  invade  the  erythrocytes  extensively  in  all  known  piroplasmic  diseases,  it  is 
self-evident  that  the  plasma  must  be  the  medium  through  which  the  organisms  reach 
the  erythrocytes.  Hence  in  all  piroplasmoses  there  must  be  many  extracellular  organ- 
isms at  some  stage  of  the  disease." 

Ricketts  further  demonstrated  that  the  virus  does  not  pass  through  a 
Berkefeld  filter;  that  one  attack  of  spotted  fever  renders  an  animal  re- 
sistant to  further  attempts  at  inoculation,  and  in  this  respect  the  experi- 
mental disease  in  animals  resembles  the  natural  disease  in  man;  that  an 
immune  serum  can  be  obtained  and  its  value  demonstrated  by  its  protect- 
ing guinea  pigs  against  20  or  more  minimum  pathogenic  doses  of  the  dis- 
eased blood;  that  the  offspring  of  immune  female  guinea  pigs  also  are 
immune  for  a  period;  that  the  disease  may  be  transmitted  to  monkeys  and 
guinea  pigs  by  infected  ticks  as  well  as  by  blood  injections;  that  both 
male  and  female  ticks  may  transmit  the  infection;  that  the  disease  may  be 
acquired  and  transmitted  by  the  larva,  the  nymph,  and  the  adult  male 
and  female,  that  is  to  say,  by  the  tick  during  any  of  its  active  stages; 
that  the  association  of  the  virus  with  the  tick  is  intimate,  as  is  shown  by 
the  long  duration  of  infectivity  in  the  tick,  the  retention  of  infectivity 
during  molting,  and  the  hereditary  transmission  of  the  virus ;  that  there 
is  no  reason  for  suspecting  that  the  tick  suffers  from  the  virus  as  it  pro- 
liferates in  its  body;  that  in  the  infested  area  only  a  small  proportion  of 
the  ticks  are  infected. 

This  disease  may  be  induced  in  guinea  pigs  by  the  injection  of  infected 
blood  or  pulverized  infected  ticks  at  any  stage  of  development,  including 
their  eggs,  or  by  the  bite  of  infected  ticks.  Following  such  inoculation 
there  is  an  incubation  period  of  from  two  to  five  days,  interrupted  by  a 
sudden  rise  in  temperature,  which  may  measure  as  high  as  105°  to  106°, 
and  which  continues  without  remission  for  a  period  of  from  six  to  twelve 
days  or  until  the  death  of  the  animal  from  four  to  twelve  days  after  its 
onset.  In  males  the  scrotum,  and  in  females  the  vulva,  is  swollen,  and  in 
exceptional  cases,  hemorrhagic.  The  spleen  is  enlarged  and  cyanotic  in 
color.  Many  of  the  lymph  glands  are  congested,  swollen,  and  occasionally 
hemorrhagic.  If  white  guinea  pigs  be  shaved  there  may  be  seen  some 
liours  or  days  after  the  onset  of  the  fever,  a  generalized  rose-colored  erup- 
tion, which  is  most  marked  on  the  back  and  extremities.  When  recovery 
results,  the  animal  is  immune  to  as  much  as  1,000  doses  of  infected  blood. 
Transmission  from  animal  to  animal  by  infected  ticks  is  easy.  All  that 
is  necessary  is  to  permit  one  or  more  uninfected  ticks  to  feed  for  several 
hours  on  an  infected  guinea  pig  and  then  transfer  the  insect  to  a  healthy 
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animal.  The  tick  takes  its  own  time  in  feeding-  and  unless  it  be  very 
hungry  when  placed  on  a  fresh  animal,  it  may  refrain  from  feeding  for 
some  hours.  It  appears  from  the  work  of  Ricketts  that  when  a  tick  feeds 
upon  an  infected  animal  it  may  immediately  afterwards  be  proved  to  be 
infectious  when  fed  upon  an  uninfected  animal  or  when  its  body  is  crushed 
and  a  suspension  injected  into  the  animal.  Apparently,  however,  some 
time  must  elapse  before  a  generalized  invasion  of  the  tick  is  aecomplished. 
That  this  stage  is  finally  reached  is  shown  by  the  fact  that  every  part  of 
the  tick,  including  its  eggs,  bears  the  infection.  When  a  tick  becomes  in- 
fected the  virus  reaches  every  part  of  its  anatomy,  leaves  the  body  in  the 
eggs,  and  continues  existence  throughout  the  larval,  nymphal,  and  adult 
life  of  the  next  generation.  Furthermore,  Ricketts  took  larvae  from  un- 
infected female  ticks,  fed  them  on  infected  guinea  pigs,  and  after  these 
larvae  had  become  nymphae,  they  were  placed  on  clean  guinea  pigs,  which 
they  infected.  In  like  manner  it  was  shown  that  the  nymphae  may  both 
receive  and  transmit  the  virus,  and,  having  received  it,  it  continues  with 
them  in  adult  life. 

In  1909  Ricketts  made  the  following  statement: 

"A  polar  staining  bacillus  is  found  in  the  eggs  of  infected  ticks,  and  also  in  their 
ovaries,  alimentaxy  sacs  and  salivary  glands.  It  exists  frequently  as  a  diplobacillus  in 
all  these  localities.  A  similar  organism  is  found  in  the  blood  of  infected  guinea  pigs, 
lying  in  the  plasma  and  not  infrequently  in  nucleated  blood  cells.  It  is  seen  also  in 
the.  blood  of  infected  men.  In  the  blood  it  is  usually  seen  as  a  bacillus  or  diplobacillus 
or  as  a  diplococcoid  form,  the  latter  perhaps  being  a  small  bipolar  organism.  In  size 
it  approximates  that  of  the  influenza  baicillus,  probably  being  a  little  smaller.  A  specific 
relationship  to  spotted  fever  is  indicated  by  its  great  susceptibility  to  agglutination  by 
the  serums  of  animals  and  of  man  which  have  recovered  from  spotted  fever.  Dilutions 
of  1-320  and  of  1-400  cause  complete  agglutination  with  some  serums,  and  so  far  no 
serum  has  been  tested  which  did  not  agglutinate  strongly  in  a  dilution  of  1-320. 
Normal  serums  from  the  guinea  pig  agglutinate  moderately  in  a  dilution  of  l-H  and 
sometimes  weakly  in  a  dilution  of  1-20,  but  not  higher.  The  normal  serum  of  man 
agglutinates  to  a  similar  degree.  An  emulsion  of  crushed  infected  eggs  serves  as  a 
source  for  the  bacilli  in  the  agglutination  tests.  The  facts  cited  are  strong  evidence 
that  the  microorganism  described  is  the  cause  of  spotted  fever.  It  is,  of  course,  de- 
sirable that  all  possible  evidence  bearing  on  the  relation  of  the  bacillus  to  the  disease 
be  accumulated,  and  the  subject  is  being  studied  further  for  this  purpose. ' ' 

The  death  of  Ricketts  from  typhus  fever  acquired  during  experimental 
work  on  this  disease  in  Mexico,  was  a  great  loss  to  progressive  medicine. 
In  this  connection,  it  is  proper  to  state  that  McClintic,  of  the  U.  S.  Pub- 
lic Health  Service,  in  1911,  while  inoculating  animals  with  the  virus  of 
Rocky  Mountain  spotted  fcA^er,  contracted  the  disease  and  died. 

Wolbach  (1916-1919)  has  continued  the  study  of  the  virus  of  Rocky 
Mountain  spotted  fever  and  the  morphologic  elements  which  he  describes 
are  most  probably  identical  with  those  discovered  by  Ricketts.  Wolbach 
finds  these  organisms  generallv  distributed  in  infected  ticks  and  guinea 
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pigs.  Tliey  are  especially  abundant  in  endothelial  cells  and  the  lesion 
which  results  from  their  activity  is  proliferative  in  character.  Similar 
bodies  have  been  found  in  trench  fever  and  in  typhus  fever.  Eocha  Lima 
has  given  to  these  organisms  the  name  of  "Rickettsia,"  and  this  term  has 
been  generally  adopted.  There  is  still  some  discussion  concerning  the 
nature  of  rickettsia  bodies  and  their  relation  to  the  diseases  in  which  they 
have  been  reported.  Some  hold  that  rickettsia  bodies  are  not  living  organ- 
isms, but  consist  of  granules  of  precipitated  albuminous  substances.  Some 
claim  to  have  found  them  in  lice  and  ticks  which  have  never  fed  on  in- 
fected men  or  animals.  Others  still  claim  that  the  viruses  of  these  dis- 
eases—Rocky Mountain  spotted  fever,  typhus  fever,  and  trench  fever,  are 
filtrable,  and  if  this  be  true  the  rickettsia  cannot  be  the  causal  agents  of 
these  diseases.  This  work  has  been  recently  reviewed  by  Arkwright,  Bacot 
and  Duncan,  whose  conclusions  are  in  favor  of  the  rickettsia  as  being  liv- 
ing pathogenic  organisms. 

The  Habits  of  the  Tick. — Paine  gives  the  following  description  of  the 
life-cycle  of  the  tick: 

"There  are  four  stages  of  the  tick.  The  egg,  the  larva,  nymph  and  adult  stages.  The 
larvae  and  nymphs  live  upon  small  rodent  animals  (ground-,  rock-,  and  pine-squirrels, 
woodchucks,  chipmunks,  weasels,  gophers  and  badgers).  These  smaller  aAiimals  are 
too  agile  to  permit  the  adult  ticks  to  remain  upon  them,  so  the  full-grown  wood  ticks 
select  as  hosts  the  sheep,  horses,  cattle,  mountain  goats,  bear,  coyotes,  and  elk.  Begin- 
ning with  the  adult  tick  and  following  the  difi'erent  stages  of  the  tick  w©  can  trace  its 
life-cycle;  both  the  adult  male  and  female  ticks  live  upon  sheep,  horses,  and  cattle,  etc. 
They  may  both  be  found  upon  the  same  animal.  The  male  buries  its  head  in  the  host, 
feeds  a  while,  releases  itself,  then  crawls  around  looking  for  the  female,  and,  if  the 
latter  be  found  (probably  attached  and  feeding  itself),  the  male  attaches  just  below  the 
female  and  copulation  takes  place,  after  which  the  male — upon  becoming  engorged  with 
the  blood  of  the  animal  upon  which  it  is — falls  off  and  dies.  The  female  requires  more 
time  for  engorgement  and  remains  for  a  longer  time;  when  engorged,  she  releases 
herself,  falls  off,  wherever  that  may  happen  to  be — in  the  sage  bush,  wheat  grass,  or 
upon  the  rocks — oviposits  her  eggs  and  then  dies.  If  male  and  female  ticks  do  not 
mate,  the  eggs  laid  by  the  female  do  not  hatch  out,  as  they  are  not  fertilized.  If  adult 
ticks  do  not  find  a  host  upon  which  to  engoige  they  can  probably  live  through  two 
seasons  and,  if  no  host  be  then  found,  they  die.  If  copulation  has  occurred,  the  eggs 
develop  into  larvae  within  two  weeks;  if  a  small  rodent  animal  be  found  as  a  host,  the 
larvae  attach  themselves,  engorge,  fall  off,  molt  within  two  weeks  and  become  nymphs. 
If  no  host  for  the  larvae  be  found,  they  probably  die  at  once  from  starvation.  The 
nymphs  lie  dormant  till  the  following  spring  (because  they  don't  become  nymphs  until 
August  and  by  this  time  the  small  animals  acting  as  hosts  have  gone  into  winter  quar- 
ters, have  liibernated).  Tlie  following  spring  the  nymphs  search  for  a  host,  ajid  if 
one  be  found  they  attach  themselves,  engorge  in  a  week,  fall  off,  molt  within  two  weeks 
and  develop  into  adult  ticks.  The  above  time  limits  are  for  the  most  favorable  cir- 
cumstances. These  adult  ticks  by  some  instinct  or  other  do  not  attach  to  an  animal. 
(Nature  seems  to  tell  them  if  they  attach  and  engorge  that  year  their  eggs  will  not 
develop,  because  if  the  eggs  are  hatclied  out  in  August  the  larvae  would  find  no  host 
and  would  quickly   die.)      If  the  nymphs   do   not  find  a   small  animal   upon  which   to 
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nourish  themselves  the  first  spring,  they  can  probably  live  through  two  seasons,   and, 
if  a  host  be  found,  they  will  attach,  engorge  and  continue  the  cycle." 

There  are  several  species  of  the  tick.  According  to  McClintic,  that  found 
in  Wyoming  is  D.  modestus. 

Geographical  Distribution. — Up  to  the  present  time  (1922)  Eocky 
Mountain  spotted  fever  has  been  found  in  the  following  states :  Idaho, 
Montana,  Nevada,  Oregon,  Wyoming,  Washington,  California,  Colorado, 
Utah,  and  South  Dakota.  It  will  be  understood  that  even  in  these  states 
the  disease  is  not  widely  distributed  but  is  confined  to  certain  localities. 
At  the  time  that  Wilson  and  Chowning  made  their  studies  (1903)  the 
disease  had  been  found  in  Montana  in  only  three  localities, — the  Bitter 
Root  Valley;  a  small  valley  near  Bridger  about  250  miles  east  and  75 
miles  south  of  Bitter  Root  Valley,  and  a  narrow  canyon  on  Rock  Creek 
about  20  miles  east  of  the  Bitter  Root  Valley. 

In  1915  Fricks  found  Rocky  Mountain  spotted  fever  quite  liberally 
scattered  throughout  southeastern  Montana,  especially  about  Miles  City. 
A  former  survey  of  this  region  had  failed  to  detect  ticks  and  their  intro- 
duction and  spread  are  believed  to  have  been  sudden.  As  is  well  known. 
Miles  City  has  been  for  years  a  large  horse  market.  These  animals  are 
gathered  in  from  every  part  of  the  Northwest  and  most  of  them  are  sold 
for  distant  transportation.  Sales  are  held  monthly,  and  during  the  World 
War  thousands  of  these  horses  were  sent  to  Europe.  It  frequently  hap- 
pens, however,  that  on  account  of  certain  animals  not  being  up  to  par  they 
are  sold  to  local  stockmen  at  Miles  City  and  consequently  are  more  or 
less  scattered  throughout  the  surrounding  countr5^  Theoretically,  this  is 
a  satisfactory  explanation  of  the  sudden  introduction  and  wide  dissemina- 
tion of  the  tick  throughout  southeastern  Montana,  but  it  must  be  remem- 
bered that  it  is  based  on  no  positive  data.  Southeastern  Montana  was  30 
years  or  more  ago  distinctly  a  horse  raising  country.  This  industry  was 
replaced  by  that  of  cattle  raising,  which  lasted  for  only  a  few  years,  when 
the  country  was  turned  over  to  sheep  grazing.  About  1910  dry  farming 
was  first  undertaken  in  this  region.  Farmers  bought  up  land  near  water 
holes  and  along  streams  and  in  their  turn  the  sheep  were  forced  out.  Dry 
farming  brought  with  it  necessarily  horses  and  milch  cows  and  the  theory 
given  above  has,  as  we  have  stated,  theoretical  support. 

In  Idaho  cases  seem  to  be  limited  to  the  north  side  of  the  Snake  River 
Valley.  The  disease  has  been  reported  in  the  Quinn  River  Valley  in  Ne- 
vada, near  Meeteetse,  Wyo.,  and  in  two  counties  in  northern  California. 
In  1915  six  cases  were  reported  in  the  State  of  Washington,  14  in  Colo- 
rado, 31  in  Utah,  and  two  in  South  Dakota.  The  disease  has  existed  since 
1903  in  Modoc  and  Lassen  counties  in  California  and  the  adjoining  comity 
of  Washoe  in  Nevada.  According  to  Kelly,  the  disease  as  it  occurs  in 
California  is  not  so  severe  as  that  seen  in  Montana,  but  is  more  severe 


758  EPIDEMIOLOGY 

than  that  observed  in  Idaho ;  in  fact,  the  fatality  in  the  Bitter  Koot  Val- 
ley in  Montana  is  higher  than  in  any  other  locality  and  it  is  suspected 
that  these  differences  in  severity  are  due  either  to  differences  in  strains 
of  the  virus  or  in  species  of  the  tick  distributing  the  virus,  Megaw  re- 
ports a  case  from  India,  in  which  the  patient  was  bitten  by  a  tick  at  Sat- 
tal,  a  place  at  an  altitude  of  about  5,500  feet,  and  developed,  after  an 
incubation  period  of  20  days,  a  disease  resembling  Rocky  Mountain  spotted 
fever.    In  regard  to  this  case,  Megaw  says : 

''The  appearance  of  a  spotty  rash  at  once  suggested  the  spotted  fever  of  the  Eocky 
Mountains,  and  a  reference  to  the  descriptions  of  that  disease  showed  a  close  cor- 
respondence to  the  mild  Idalio  type  of  that  fever.  The  only  point  which  appeared  to  be 
against  the  diagnosis  was  the  incubation  period,  which  on  the  assumption  that  the 
tick  conveyed  the  disease,  must  have  been  20  days,  while  most  observers  place  the  in- 
cubation of  the  Rocky  Mountain  fever  at  three  to  seven  days,  Bowers  alone  placing  it 
at  seven  to  21  days,  but  there  is  evidently  a  good  deal  of  doubt  on  the  subject." 

Eradication. — The  Federal  and  State  Governments  have  devoted  much 
attention  to  the  eradication  of  the  disease  from  the  Bitter  Root  Valley. 
Attempts  have  been  made  to  secure  the  destruction  of  the  tick.  The  pro- 
cedures resorted  to  for  this  purpose  consist  in  the  following:  (1)  Clean- 
ing out  the  underbrush  and  cultivating  the  soil.  (2)  Burning  the  grass 
over  the  valley  every  spring.  (3)  Killing  small  rodents  by  baiting  them 
with  grain  which  has  been  soaked  in  solutions  of  strychnin.  (4)  Dipping 
range  stock  in  tanks  filled  with  arsenical  fluids.  (5)  Sheep  grazing. 
Paine  says  that  when  these  ticks  attach  themselves  to  sheep,  their  breath- 
ing pores  are  clogged  by  the  lanolin  in  the  wool  and  they  die. 

In  this  disease  the  tick  problem  is  quite  different  from  that  Avhich  ex- 
ists in  the  form  of  relapsing  fever  due  to  the  bite  of  the  African  tick. 
The  African  tick  is  a  domesticated  insect.  It  lives  in  the  habitations  of 
man  and  seeks  to  visit  him  at  night  when  his  deep  sleep  may  prevent  in- 
terruption of  the  feeding.  In  African  tick  fever  disease,  man  seeks  to 
exclude  the  insect  visitor  from  his  house,  his  tent,  and  his  blankets.  In 
Rocky  Mountain  spotted  fever  the  tick  is  a  wild  insect.  It  does  not  seek 
the  habitations  of  man;  it  lives  in  the  wilds  and  depends  naturally  for 
its  food  upon  wild  animals.  In  African  tick  fever  there  may  be  an  animal 
reservoir ;  in  Rocky  Mountain  tick  fever  there  are  many  such  reservoirs. 
As  has  already  been  stated,  many  of  the  small  rodents  in  endemic  areas 
are  susceptible  to  this  infection  as  has  been  demonstrated  experimentally. 
In  these  animals  the  disease  so  far  has  manifested  itself  only  in  acute 
form.  The  animal  either  dies,  or  recovers  and  thereafter  is  immune.  Af- 
ter immunity  has  thus  been  induced  in  these  animals  their  blood  is  free 
from  the  virus.  Does  it,  however,  persist  in  some  organ  or  tissue?  This 
is  a  question  which  needs  solution.  It  has  been  observed  that  only  a  small 
percentage  of  the  ticks  found  in  the  Bitter  Root  Valley  bears  the  virus. 


ROCKY    MOUNTAIN   SPOTTED   FEVER  759 

Does  this  indicate  that  small  rodents  in  this  region  are  becoming  so  far 
immunized  that  the  continued  propagation  of  the  virus  by  natural  means 
will  come  to  an  end?  Of  course,  these  queries  might  be  answered  by  say- 
ing that  every  year  there  are  new  generations  of  susceptible  rodents  com- 
ing into  existence.  There  must  be  some  continuous  supply  of  the  virus 
to  the  tick.  In  this  disease  the  infection  of  man  is  a  mere  incident  or  acci- 
dent and  is  not  essential  to  the  continuance  of  the  disease;  in  other  words, 
Rocky  Mountain  spotted  fever  is  a  disease  of  animals  to  which  man  also 
is  susceptible,  but  the  disease  undoubtedly  existed  in  this  locality  before 
man  visited  it,  and  the  fact  that  man  is  susceptible  has  no  essential  bearing 
upon  the  continuance  of  the  disease. 
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CHAPTER  XXX 

JAPANESE  RIVER  FEVER 

Tsutsug'amushi  Fever;  Shimamushi  Fever;  Kedani  Fever;  Flood  Fever 

Description. — This  is  a  specific,  endemic,  infectious  fever,  which  fol- 
lows the  bite  of  the  larva  of  an  acarus,  Trombicula  akamushi.  From  fonr 
to  ten  days  after  the  bite  the  disease  begins  with  severe  headache,  accom- 
panied by  malaise,  anorexia,  marked  prostration  and  culminating  in  a 
chill,  rapidly  followed  by  marked  elevation  in  temperature.  There  will 
usually  be  found  on  some  part  of  the  body  evident  tenderness  of  the  lym- 
phatic glands,  especially  in  the  groin,  armpit,  or  neck.  Careful  study  of 
this  tender  region  will  reveal  within  its  limits  one  or  more  eschars,  which 
are  closely  adherent  to  the  surrounding  skin.  These  indicate  the  bitten 
points  and  when  the  necrotic  eschar  drops  off  there  is  found  under  it  a 
small  ulcer  surrounded  by  an  infiltrated  area.  The  fever  continues  and 
may  reach  105°  F.  in  its  course.  The  pulse  is  but  slightly  accelerated, 
seldom  reaching  more  than  100  and,  as  a  rule,  not  keeping  up  the  usual 
ratio  to  the  temperature.  As  in  many  of  the  infectious  febrile  diseases, 
there  is  a  bronchial  cough,  which  may  become  quite  continuous  and  most 
distressing.  About  the  seventh  day  of  the  fever  large  red  blotches,  some- 
times confluent,  appear  on  the  face  and  extend  to  the  trunk  and  extremi- 
ties. Simultaneous  with  these  blotches  there  is  often  a  lichenous  eruption 
on  the  trunk  and  extremities.  This  eruption,  however,  is  generally  over- 
shadowed by  the  large  dark-red  papules  and  in  most  cases  fades  away 
after  a  few  clays.  The  characteristic  eruption,  first  macular  and  then 
papular,  begins  to  disappear  during  the  second  week,  and  simultaneously 
the  temperature  falls  by  lysis.  In  the  majority  of  instances  convalescence 
is  reached  before  the  end  of  the  third  week. 

There  are  mild  and  severe  types  of  this  disease.  In  the  latter,  symp- 
toms become  alarming,  the  temperature  runs  so  high  as  to  threaten  death 
from  hyperpyrexia;  there  may  be  pulmonary  complications,  with  edema 
and  cardiac  failure.  Complications,  with  parotid  inflammation  and  sup- 
puration, have  been  observed.  This  disease  is  highly  fatal  to  pregnant 
women,  most  of  whom  abort  and  many  of  whom  die. 

History. — According  to  Ashburn  and  Craig,  this  disease  is  described 
in  Chinese  writings  of  more  than  1,000  years  ago,  in  which  it  is  desig- 
nated as  "shashitsu."  The  Japanese  word  "mushi"  means  bug  or  insect, 
and  "akamushi"  means  red  insect,  while  ''shimamushi"  means  a  disease 
caused  by  a  bug  living  on  an  island. 
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The  first  contribution  to  our  Imowledge  of  this  disease  came  from  Palm 
who,  in  1878,  wrote  as  follows : 

"Last  summer,  I  had  the  opportunity  of  observing  a  disease  which,  so  far  as  I 
know,  is  peculiar  to  Japan,  and  has  not  yet  been  described.  It  occurs,  moreover,  in 
certain  well-marked  districts,  and  at  a  particular  season  of  the  year,  so  that  the  op- 
portunities of  investigating  it  do  not  often  occur.  It  is  known  here  as  the  sliimamtishi, 
or  islaiud-insect  disease,  and  is  so  named  from  the  belief  that  it  is  caused  by  the  bite 
or  sting  of  some  insect  peculiar  to  certain  islands  in  the  river  known  as  the  Shinagawa, 
which  empties  itself  into  the  sea  at  Niigata.  This  river  has  a  strong  current,  is  sub- 
ject to  occasional  floods,  and  being  difficult  to  restrain,  is  allowed  to  take  its  course, 
eating  out  its  banks  on  one  side,  and  leaving  tracts  of  new  land  or  islands  on  the 
other.  It  is  in  these  newly-formed  soils  that  the  disease  occurs.  I  could  find  nothing 
peculiar  in  the  vegetation  of  these  districts.  They  are  partiajly  under  cultivation,  and 
the  disease  occurs  among  the  agricultural  laborers  who  work  there,  or  others  who  may 
liappen  to  visit  the  district  at  the  time.  Those  are  attacked  who  go  among  the  vege- 
tation, not  those  who  walk  along  the  stony  or  gravelly  banks.  The  disease  occurs  only 
in  the  months  of  July  and  August,  especially  at  the  time  when  the  flax  plant,  which  is 
there  much  cultivated,  is  being  reaped,  and  especially  among  the  reapers.  The  disease 
is  said  to  be  more  prevalent  in  years  when  the  water  has  been  high.  It  is  also  said 
that  those  who  work  there  only  in  the  early  morning  or  evening  are  not  affected.  It  is 
also  said  that  those  who  are  stripped  for  their  work  are  less  frequently  affected  than 
those  who  keep  on  their  clothing.  The  remarkable  thing  is,  that  none  of  those  who 
are  affected  are  aware  at  the  time  of  being  bitten  or  stung,  and  that  none  of  them  have 
ever  seen  the  insect;  but  the  belief  universally  prevails  that  it  is  an  insect.  At  the 
time  of  my  visit  to  the  spot  on  August  1st,  I  could  find  no  one  who  had  seen  the  insect, 
though  I  wa,s  told  of  one  man  who  professed  to  have  seen  it,  and  stated  that  it  was  like 
a  small  spider.  The  peasants  believe  that  it  is  a  fine,  hair-like  worm,  of  which  there  are 
two  varieties,  the  red  and  the  white;  but  I  was  unable  to  discover  any  foundation  for 
the  belief. 

' '  Tlie  first  symptom  of  the  disease  is  a  hard,  round  swelling  of  the  skin,  like  a 
boil,  which  is  discovered  four  or  five  days  after  having  been  in  the  district.  Together 
with  this  are  constitutional  disturbance,  chills,  and  feverishness,  swelling  and  tender- 
ness of  the  glands  in  the  neighborhood  of  the  swollen  part.  The  center  of  the  swelling 
sloughs  and  breaks  down  into  an  ulcer.  Sometimes  the  tenderness  and  swelling  of  the 
giainds  is  noted  before  the  plilegmon  in  the  skin  appears.  Sometimes,  for  a  day  or 
two  before  the  swelling  is  noticed,  there  is  languor,  malaise,  headache,  loss  of  appetite, 
and  slight  feverishness.  The  fever  reaches  a  maximum  at  the  beginning  of  the  second 
week,  when  an  eruption  appears  over  the  whole  body  in  most  cases,  after  which  the 
fever  subsides.  Most  cases  have  purging  of  blood  and  vomiting  and  death  occurs  by 
exhaustion  in  three  or  four  weeks  from  the  first  symptoms,  in  fatal  cases.  It  is  said 
that  the  disease  proves  fatal  in  about  one-fifth  of  those  attacked.  Delirium  does  not 
occur,  nor  are  there  any  symptoms  of  narcotism  even  in  the  worst  cases,  albumen  does 
not  occur  in  the  urine. ' ' 

A  paper,  by  Balz  and  Kawakami,  in  1879,  gives  valuable  information 
on  the  symptomatology  and  pathology  of  this  disease,  but,  so  far  as  its 
etiology  is  concerned,  its  conclusions  were  erroneous,  as  subsequent  studies 
have  shown.  These  authors  were  inclined  to  disregard  the  evidence  that 
this  disease  is  due  to  the  bite  of  the  insect  and  they  were  of  the  opinion 
that  it  is  of  miasmatic  origin.    However,  since  they  found  that  some  peo- 
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pie  who  had  never  visited  the  fields  but  handled  the  flax  grown  thereon 
developed  the  disease,  they  had  to  admit  that  the  contagion  is  transport- 
able. They  attempted  the  inoculation  of  rabbits  and  cats  with  pus  and 
tissue  taken  from  the  small  ulcers,  but  in  this  they  were  unsuccessful. 

In  1908  Ashburn  and  Craig  visited  Japan  for  the  purpose  of  studying 
this  disease  and  making  comparisons  of  it  with  Rockj^  Mountain  spotted 
fever.     We  quote: 

:  "  TsutsngamusM  disease  occurs  along  certain  limited  parts  of  the  banks  of  a  few 
rivers  on  tlie  west  coast  of  the  main  Island  of  Nippon,  being  limited  to  Echigo  and 
Akita  Provinces.  The  distribution  of  tlie  infected  areas  is  irregular  and,  up  to  the 
jircsent  time,  inexplainable.  They  are  all  subject  to  submergence  by  floods  which  occur 
in  June,  but  not  all  flooded  distiicts  are  infected,  nor  does  the  relative  location  of  an 
infected  district,  up  or  downstream,  seem  to  influence  a  noninfected  one.  The  floods 
usually  occur  in  June  and  last  but  a  few  days.  Immediately  after  their  subsidence 
the  infective  regions  are  not  dangerous,  but  after  a  few  weeks  or  a  month  and  syn- 
chronously with  the  appearance  of  the  akamuslii  or  red  mite,  they  become  so,  and 
any  person  entering  them  takes  a  considerable  risk  of  contracting  the  disease.  Con- 
sequently, these  regions  are  avoided  at  this  time  by  all  whose  poverty  does  not  drive 
them  there  to  work.  As  a  general  rule  no  right  of  ownership  is  exercised  over  such 
land  and  the  very  poor  do,  therefore,  cultivate  hemp  on  it  in  some  places  and  in  other 
parts  visit  it  to  gather  mulberry  leaves  to  feed  silkworms.  In  either  case  they  are 
apt  to  be  bitten  by  red  mites  and  it  is  customary  for  them  to  search  carefully  for  their 
bites  after  leaving  the  place  where  they  are  encountered.  However,  the  mites  are  so 
small  as  to  be  very  difficult  of  detection  and  if  the  bite  does  not  cause  pain,  it  is 
frequently  overlooked.  Not  all  mites  are  infective  and  many  bites  therefore  cause  no 
trouble.  However,  a  certain  proportion  of  them  do,  the  point  bitten  becoming  an  eschar 
and  later  an  ulcer.  The  neighboring  lymphatic  glands  become  enlarged  and  painful 
and  an  attack  of  fever  succeeds. 

"It  is  the  experience  of  practically  all  who  have  carefully  studied  the  disease,  and 
they  are  numerous,  that  every  case  of  it  is  preceded  by  the  bite  of  a  mite,  and  in  the 
great  majority  of  instances  this  is  located  by  an  examination  of  the  region  drained  by 
the  lymphatic  glands,  which  first  become  enlarged  and  tender.  So  far  as  could  be 
learned  in  Japan,  Balz's  contention  that  such  is  not  the  case  has  not  received  support, 
and  later  investigators  agree  that  the  above  method  is  the  sole  means  of  infection.  Tlie 
mite  in  question  is  the  larval  form  of  a  Trombidium,  species  unknown.  The  larva  bears 
a  great  resemblance  to  that  of  Leptiis  aiitumnalis.  It  is  so  small  as  to  be  almost 
invisible  to  the  naked  eye,  it  is  bright  red  or  orange  in  color  and  is  found  on  land 
that  has  been  submerged  by  flood.  Here  it  is  best  collected  by  tying  a  monkey  out  over- 
night or  by  catching  the  field  mice  (Arvicola  hatmiedsumij  occurring  in  such  regions. 
The  insects  collect  in  groups  on  or  about  the  eyelids  of  the  monkey,  while  they  are 
always  found  attached  in  large  numbers  to  the  inner  surfaces  of  the  ears  of  the  mice. 
Mites  resembling  these  in  size  and  color  occur  in  many  parts  of  Japan,  but  they  do  not 
attack  persons.     The  alcamushi  of  other  than  infected  regions  do  not  transmit  disease. ' ' 

It  is  worthy  of  record  that  Ashburn  and  Craig  did  not  find  any  relation 
between  this  disease  and  Rocky  Mountain  spotted  fever.  On  the  other 
hand,  they  pointed  out  the  marked  differences  between  the  tw^o  in  etiology, 
symptomatology,  pathology,  and  immunology.  These  investigators  then 
asked  themselves  whether  there  is  in  the  Philippine  Islands  any  disease 
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resembling-  that  which  they  had  studied  in  Japan.  They  state  that  at 
Camp  Connell  on  the  west  coast  of  Samar  M^here  a  target  range  is  located 
the  physical  conditions,  including  the  annual  overflow,  resemble  closely 
those  of  the  endemic  Japanese  areas.  Furthermore,  they  report  that  two 
cases  with  some  resemblance  to  the  Japanese  disease  occurred  among 
troops  stationed  at  Camp  Connell  in  1905.  They  do  not  maintain  that  the 
cases  developed  at  Camp  Connell  were  those  of  the  Japanese  disease,  but 
they  point  out  that  the  resemblance  is  sufficient  to  make  medical  men  in 
the  Philippines  bear  in  mind  the  possibility  of  the  Japanese  disease  occur- 
ring in  these  Islands. 

According  to  Hatori,  the  river  fever  is  widely  diffused  in  Formosa, 
where  it  occurs  not  only  on  the  lowlands,  but  in  high  altitudes  and  affects 
both  the  natives  and  the  Japanese  settlers.  In  Formosa  the  disease  is  first 
seen  in  April  and  disappears  in  November.  Writers  on  this  disease  have 
referred  to  an  article  by  Weir  on,  "A  Continued  Fever  of  Korea,"  as 
evidence  that  the  Japanese  river  fever  exists  in  Korea.  We  have  read 
Weir's  article  carefully  and  fail  to  see  any  resemblance,  or  at  least  any 
marked  resemblance,  between  the  disease  which  he  describes  and  that  prev- 
alent in  western  Japan.  Weir  discusses  in  some  detail  the  nature  of  the 
Korean  disease  and  comes,  as  we  think,  to  the  very  tenable  conclusion  that 
it  is  a  mild  form  of  typhus,  for  which  he  proposes  the  name  paratyphus. 

The  Mite. — The  life-cycle  of  this  insect  has  been  investigated  by  Japa- 
nese scientists  and  it  has  been  found  to  be  the  larva  of  Trombicula 
akamushi,  a  mite  which  measures  0.9  mm.  in  length,  is  not  parasitic,  and 
lives  on  grass.  Blood  from  men  sick  with  this  disease  injected  into  small 
rodents  and  monkeys  conveys  the  disease  to  these  animals.  The  amount 
of  such  blood  required  to  infect  a  monkey  is  as  small  as  0.001  c.c.  The 
infection  in  the  blood  is  destroyed  by  heating  to  50°  C.  for  ten  minutes. 
While,  as  has  been  stated,  this  mite  gathers  in  large  numbers  in  the  ears 
of  field  mice  and  other  small  rodents,  it  has  not  been  found  that  these 
animals  are  in  any  way  affected.  It  is  said  that  the  mite  is  distributed 
by  a  small  bird,  Acrocephalus  orientalis. 

Nagayo  and  his  coworkers  have  shown  that  there  are  at  least  five 
species  of  Tsutsugamushi  in  Japan,  but  that  only  one  of  these,  Tr. 
akamushi,  induces  the  disease  and  that  it  is  only  the  larva  of  this  species 
which  bites  man.  The  adult  insect  contains  the  virus,  as  these  investi- 
gators have  shown  by  injecting  subcutaneously  emulsions  of  the  ground 
insects  into  monkeys.  The  adult  and  the  n^anph  are  not  noxious  to  man, 
not  because  they  do  not  carry  the  specific  virus,  but  because  they  do  not 
feed  upon  warm-blooded  animals. 

Miyajima  and  Okumura  trace  the  life-history  of  this  insect  as  follows: 

' '  The  akamnslii  remains  on  the  host  for  three  or  four  days  and  swells  up  consider- 
ably, turning  much  paler  in  color.     When  fully  fed  the  mite  frees  itself  from  the  host 
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and  seeks  shelter  uuder  the  ground.  Then  a  gradual  metamorphosis  takes  place  in  five 
or  six  days  (in  a  hot  climate)  ;  the  new  parts  of  the  nymph  develop  within  the  larval 
skin.  Two  to  three  days  later  the  larval  skin  bursts  and  the  nymph  emerges.  The 
newly  hatched  nymph  is  a  minute,  eight-legged  creature  quite  different  from  the  larvae. 
The  size  of  the  young  nymph  does  not  exceed  that  of  the  full  fed  larvae.  In  the  cul- 
ture jar  the  mites  are  seen  to  crawl  lively  in  the  earth;  sometimes  they  even  try  to  get 
out  of  the  vessel.  They  are  neither  parasitic  nor  predaeeous.  After  a  number  of  trials, 
we  succeeded  in  finding  that  their  suitable  food  is  potatoes,  melons,  and  other  vegetables. 
The  mites  like  the  juice  of  vegetables,  but  seem  to  dislike  sour  fruit  like  apples  and 
oranges.  Proper  amount  of  moisture  is  a  sine  qua  non  condition  to  keep  the  nymph 
healthy  and  to  carry  it  to  the  adult.  So  jars  are  always  kept  in  moist  chamliers  dur- 
ing the  growing  stages  of  the  mites.  When  they  have  grown  to  a  certain  stage  they 
again  seek  shelter  in  the  earth  where  pupation  takes  place.  The  body  of  the  nymph 
becomes  elongated;  so  also  with  its  mouth  part  and  the  appendages.  Most  parts  of 
the  body  develop  within  the  nymphal  skin  and  in  a  few  days  later  the  adult  form 
emerges.  Newly  appeared  imago  shows  a  close  resemblance  to  the  nymph  in  form  and 
structure,  but  it  is  much  larger.  By  this  time  the  genital  organs  begin  to  develop,  but 
do  not  ripen.  There  are  no  visible  sexual  differences  until  the  maximum  size  and 
maturity  is  attained.  It  seems  probable  that  more  than  one  ecdysis  takes  place.  Direct 
observations  could  not  be  made  because  of  the  difficulty  of  distinguishing  each  stage. 
They  have  variable  body  sizes  and  different  pupation  periods.  In  ten  weeks'  captivity 
the  nymph  becomes  an  imago,  measuring  0.84 — 0.98  mm.  in  length.  Only  a  few  of  them, 
however,  live  long  enough  to  attain  maturity.  One  of  the  survivors  was  a  female  which 
attained  a  fully  develoj)ed  ovum  measuring  0.18  mm.  in  diameter.  "We  have  thus  suc- 
cessfully traced  the  whole  developmental  cycle  of  the  'akamushi'  from  the  larval  form 
to  the  adult.  Having  thus  discovered  the  adult  form  of  the  'akamushi,'  we  then  tried 
to  study  the  adults  in  their  natural  habitat  in  one  of  the  infected  localities,  Niigata 
Prefecture,  where  an  enormous  number  of  the  mites  (larval  stage)  was  met  with  every 
summer.  During  September,  1916,  we  collected  a  large  number  of  the  adults  and  the 
nymphs  there,  and  at  the  same  time  have  learned  a  great  deal  of  their  ecology.  They 
are  usually  found  under  fallen  leaves  or  decayed  vegetable  matters  in  the  gTass  over 
the  fine  sandy  mud  precipitated  by  floods.  When  exposed  the  mites  would  briskly  seek 
their  shelter  in  the  earth;  it  is  probable  that  they  tried  to  avoid  direct  sunlight  and 
desiccation.  In  a  certain  uncultivated  spot  they  were  found  so  abundantly  •  that  one 
bushel  of  the  surface  earth  covering  one  square  yard  contained  about  fifty  specimens. 
In  nature,  both  the  nymph  and  the  adult  seem  to  live  on  the  juice  of  plants. ' ' 

The  Virus. — While  there  have  been  many  attempts  made  to  discover 
the  virus  of  this  disease  and  repeated  theories  and  findings  have  been  pub- 
lished, there  is  nothing  absolutely  convincing  up  to  the  present  time. 
Tanaka  suggested  that  the  disease  might  be  due  to  a  poison  peculiar  to 
the  insect,  but  this  cannot  be  true,  since  bites  by  the  same  species  of  insect 
in  other  parts  of  Japan  are  without  effect.  Other  investigators  have  re- 
ported the  finding  of  bacteria;  others  still,  protozoa  and  piroplasma. 

Prophylaxis. — Avoidance  of  infested  localities  during  the  season  of 
the  prevalence  of  the  mite  is  up  to  the  present  time  the  only  known  abso- 
lute method  of  prevention.  A  mite-proof  suit  has  been  devised  by  two 
Japanese  physicians  and  they  recommend  that  all  articles  of  clothing 
worn  bv  those  who  work  in  endemic  localities  should  be  sterilized.     Others 
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recommend  that  rivers  be  dammed  and  overflow  checked  in  this  way.  Dis- 
infectants have  been  scattered  over  the  infested  fields  and  some  recom- 
mend that  those  who  are  compelled  to  go  into  endemic  areas  should  anoint 
their  bodies  with  balsam  of  Peru  to  which  certain  phenol  preparations 
have  been  added.  At  one  time  Balz  urged  that  the  endemic  areas  should 
be  planted  with  eucalyptus,  but  this  recommendation  was  made  with  the 
belief  that  the  disease  was  of  miasmatic  origin  and  was  at  a  time  when 
eucalyptus  was  regarded  by  many  as  a  panacea  for  converting  malarial 
regions  into  healthful  countries. 
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CHAPTER  XXXI 
TULAREMIA 

Description. — This  is  a  specific,  infectious,  higlily  fatal,  septicemia, 
which  occurs  among  certain  rodents,  ground-squirrels,  and  rabbits  in  their 
natural  wild  state.  Mice,  gophers,  rats,  monkeys,  and  guinea  pigs  are 
susceptible  in  the  laboratory.  This  infection  also  prevails  in  man  in  na- 
ture in  communities  where  there  are  infected  rodents.  The  infecting  agent 
is  Bacterium  tularense. 

History. — In  1910  McCoy,  while  studying  the  plague  among  wild 
rodents  of  California,  found  many  of  these  animals  infected  with  a  dis- 
ease, the  pathologic  lesions  of  which  greatly  resemble  those  of  plague 
but  in  which  the  plague  bacillus  cannot  be  found.  McCoy  summarized 
his  observations  on  this  disease  as  follows : 

"A  disease  which  presents  lesions  very  similar  to  those  of  plague  has  been  found 
among  ground-squirrels.  The  disease  is  readily  transmitted  to  guinea  pigs,  mice,  rab- 
bits, monkeys,  and  gophers,  and  plague-like  lesions  are  produced  in  at  least  some  of 
these  animals.  Eats  are  but  moderately  susceptible  to  the  infection.  Cats,  dogs,  and 
pigeons  appear  to  be  immune.  The  disease  may  be  transmitted  artificially  by  sub- 
cutaneous, cutaneous,  nasal,  and  intraperitoneal  inoculation.  The  mode  of  transmission 
in  nature  is  unknown,  but  there  is  some  experimental  evidence  that  suggests  that  fleas 
may  serve  as  carriers.  The  disease  probably  is  not  spread  by  mere  contact  of  healthy 
with  infected  animals.  The  infectious  agent  has  not  been  isolated.  On  account  of  the 
number  of  species  susceptible,  it  seems  likely  that  it  is  bacterial,  not  protozoan.  The 
causative  agent  is  present  in  the  circulating  blood,  as  well  as  in  the  various  tissues 
where  it  causes  focal  lesions.  The  thermal  death  point  of  the  organism  as  it  is  found 
in  the  animal's  body  is  between  55°  and  60°  C.  Several  observations  appear  to  indi- 
cate that  the  disease  is  a  febrile  one." 

This  work  was  continued  b.y  McCoy  and  Chapin,  who  succeeded  in  dem- 
onstrating that  this  infection  is  due  to  a  small  bacterium  which  they  were 
able  to  cultivate  on  a  special  medium,  coagulated  egg  yolk.  They  also 
showed  that  cultures  of  this  organism  are  agglutinated  by  the  serum  of 
artificially  or  naturally  immune  animals,  while  they  are  not  agglutinated 
by  the  serum  of  healthy  susceptible  animals.  It  appears  that  the  sub- 
acute and  chronic  lesions  of  this  disease  bear  a  strong  resemblance  to  those 
of  tuberculosis. 

In  1913  Wherry  and  Lamb  saw  the  first  reported  case  of  this  infection 
in  man.  The  patient  was  a  meat  cutter  in  a  restaurant  in  Cincinnati.  It 
is  said  that  at  the  time  wild  rabbits  were  dying  in  large  numbers 
across  the  Ohio  River  in  Kentucky.  This  man  evidently  received  his 
infection  through  the  eye.     On  the  conjunctiva  covering  the  upper  and 
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lower  tarsi  there  were  ten  discrete  ulcers  varying  from  1  to  4  mm.  in 
diameter.  The  lids  were  edematous  and  the  preauricular  gland  on  the 
left  side  was  tender  and  swollen.  The  edema  increased,  the  ulceration 
became  more  marked,  and  the  lymphatic  glands  in  the  left  anterior  tri- 
angle of  the  neck  and  the  left  submaxillary  glands  became  tender  and 
swollen.  Four  days  after  admission  to  the  hospital  the  patient's  tempera- 
ture was  101.6°  F.  He  had  a  cachectic  look  and  was  losing  weight.  About 
this  time  a  pustular  eruption  appeared  on  the  left  temporal  and  malar 
regions.  After  a  few  days,  more,  the  inflammatory  process  spread  to  the 
left  lacrimal  sac  and  an  abscess  formed.  Scrapings  from  the  ulcers  in- 
jected into  guinea  pigs  proved  fatal  and  autopsy  revealed  lesions  identical 
with  those  previously  reported  by  McCo3^  After  being  under  observation 
for  a  month  the  patient  left  the  hospital  and  apparently  was  lost  sight 
of.    Wherr}^  and  Lamb  summarize  their  observations  as  follows : 

"A  case  of  ulcerative  conjunctivitis  and  lymj)hadenitis  in  man  is  sliown  to  be 
caused  by  a  minute,  capsulated  bacterium  in  all  probability  identical  with  B.  tularense, 
which  was  first  discovered  by  McCoy  and  Chapin  in  a  plague-like  disease  of  the  Cali- 
fornia ground-squirrel.  Without  the  employment  of  very  special  methods  of  staining 
and  cultivation,  the  virus,  although  it  was  known  not  to  pass  the  Berkefeld  filter  No.  5, 
remained  invisible.  We  recommend  anilin- water-Hoffman 's  violet,  particularly  for  its 
demonstration,  and  in  addition  to  the  coagulated  hen's  egg -yolk  recommended  by  McCoy 
and  Chapin  for  its  cultivation,  we  fijid  that  hen 's  ovomucoid  with  a  trace  of  yolk  is 
also  a  favorable  medium.  Our  findings  would  seem  to  indicate  that  this  disease  is 
widespread  among  rodents.  Further,  we  vvisli  to  call  attention  to  the  fact  that  this 
recently  discovered  disease  of  rodents  is  apparently  sufliciently  virulent  for  gray  mice 
to  warrant  the  presumption  that  it  may  some  day  take  its  place  with  B.  pesitis  as  a 
menace  to  man. ' ' 

Further  studies  on  this  disease  have  been  carried  out  by  Francis  and 
other  officers  of  the  U.  S.  Public  Health  Service.  From  1917  to  1920  in- 
clusive, about  24  cases  in  human  beings  occurred  in  Millard  County,  Utah, 
annually.  The  first  fatal  case  among  men  w'as  reported  in  that  region 
in  1919.  Even  when  not  fatal,  tularemia  is  a  serious  disease,  since  it  oc- 
curs quite  exclusively  among  farmers  during  the  busy  season  of  midsum- 
mer and  incapacitates  its  victim  for  about  three  months.  All  the  officers 
and  laboratory  assistants  of  the  Public  Health  Service,  six  in  number, 
who  have  been  intimately  connected  Avith  the  study  of  this  disease  have 
become  infected  with  the  bacterium.  This  record  is  probably  unequaled 
in  the  history  of  the  study  of  any  other  infectious  disease  and  indicates 
the  high  infectivity  of  the  organism  and  the  great  susceptibility  of  man. 
Two  of  these  officers  contracted  the  disease  in  the  Field  Laboratory  in 
Utah,  where  they  were  compelled  to  work  under  primitive  conditions,  but 
four  contracted  it  in  the  Hygienic  Laboratory  at  Washington,  where  every 
precaution  against  infection  was  provided  for.  Two  of  these  men  were 
physicians  of  long  experience  in  working  with  infectious  diseases,  one  was 


768  •  EPIDEMIOLOGY 

a  highly  trained  scientist,  and  the  other  three  were  experienced  laboratory 
assistants.  Known  foci  of  this  infection  in  rodents  have  been  reported 
from  California,  Utah,  and  Indiana,  and  there  are  probably  many  other 
infected  localities.  It  is  more  than  probable  that  human  infection  has 
often  been  unrecognized.  The  symptoms  in  these  six  officers  have  been 
carefully  studied.  The  diagnosis  has  been  confirmed  by  agglutination 
and  complement-fixation  tests.  There  is  a  febrile  period  lasting  about 
three  weeks.  It  is  supposed  that  the  bacterium  finds  its  way  through  the 
hands.  In  one  case  there  were  evident  cracks  on  the  fingers  of  the  right 
hand  and  in  this  instance  the  infection  was  followed  by  enlarged,  painful 
and  tender  lymph  glands  in  the  epitrochlear  and  axillary  regions  of  the 
right  side.  This  man  had  had  an  attack  two  years  and  five  months  pre- 
viously. 

It  has  been  experimentally  demonstrated  that  this  infection  may  be 
transmitted  from  animal  to  animal  by  certain  biting  flies,  by  fleas,  by  lice, 
and  by  bedbugs.  Virulent  organisms  have  been  demonstrated  in  the  fresh 
feces  of  infected  bedbugs  constantly  up  to  eight  months  after  the  date  on 
which  the  bugs  sucked  the  blood  of  an  infected  mouse.  It  is  interesting 
to  note  that  the  infection  from  the  bedbugs  may  result  either  from  the 
infected  bug  biting  the  mouse  or  from  the  mouse  eating  the  infected  bug. 
Seventy-two  white  mice  ate  dying  or  dead  bugs  from  each  of  ten  infected 
lots;  of  these,  55  died  from  tularemia.  It  seems  that  white  mice  eat  bed- 
bugs quite  greedily.  These  investigations  revealed  the  fact  that  white 
mice  carry  a  blood-sucking  louse,  Polyplax  serratus,  and  a  blood-sucking 
mite,  Liponyssus  isahellinus,  both  of  which  may  transfer  this  infection 
from  mouse  to  mouse.  Rabbits  carry  both  blood-sucking  fleas  and  lice, 
and  it  was  found  that  if  the  hair  over  the  lumbar  and  sacral  regions  of 
an  infected  rabbit  were  clipped  and  transferred  to  a  noninfected  com- 
rade the  disease  was  transmitted.  Both  the  nasal  secretions  and  urine  of 
infected  rabbits  contain  the  virus.  The  vector  most  commonly  effective 
in  transmitting  this  disease  from  wild  animals  to  the  farmer  is  quite  cer- 
tainly some  blood-sucking  fly,  such  as  Chrysops  discaUs  or  Stomoxys  cal- 
citrans.  In  the  Utah  cases  in  man,  there  were  invariably  found  a  pro- 
nounced lesion  at  the  site  of  infection  and  an  enlargement  of  the  adjacent 
lymph  glands.  This,  however,  was  not  the  case  in  at  least  all  of  the  six 
laboratory  workers  studied. 

The  Bacterium. — B.  tularense  is  a  minute  rod,  probably  enclosed  in 
capsular  substance  as  seen  in  infected  tissue.  It  is  most  frequently  seen 
first  as  a  coccoid  body.  McCoy  and  Chapin  give  the  following  approxi- 
mate measurements:  Length,  0.3  to  0.7  micron;  length  of  capsule,  0.4 
to  1  micron;  breadth,  0.2  micron;  breadth  of  capsule,  0.3  to  0.5  micron. 
No  distinct  capsule  can  be  seen  in  artificial  cultures.  As  has  been  stated, 
it  grows  quite  readily  on  coagulated  egg  yolk  and  less  readily  on  other 
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media  eoiitaiiiiiig  egg  yolk.  The  investigations  of  Francis  show  that  this 
bacterium  may  be  grown  on  serum  glucose  agar,  glucose  blood  agar,  and 
blood  agar ;  but  on  these,  growth  is  scanty  and  of  low  virulence.  The  addi- 
tion, however,  to  these  media  of  a  piece  of  fresh  sterile  rabbit  spleen  or  of 
a  piece  of  the  spleen  of  an  infected  animal,  stimulates  the  growth  and 
intensifies  the  activity  of  the  organism.  Francis  has  recently  reported  the 
growth  of  this  organism  on  plain  agar  to  which  has  been  added  .02  per 
cent  of  the  amino  acid,  C3^stin.  Serum  glucose  agar,  containing  .02  per 
cent  cystin,  gives  a  luxuriant  growth. 

Prevention. — Fortunately,  there  are  not  many  biting  insects  which 
feed  with  equal  readiness  upon  man  and  small  rodents.  If  there  were  such 
insects,  tularemia  might  become  a  wddely  prevalent  disease  of  man.  In- 
fested localities  should  be  sought  out,  the  animals  susceptible  to  this  dis- 
ease and  the  insects  engaged  in  its  transmission  should  be  thoroughly 
studied,  and  upon  this  we  may  base  some  effective  method  of  control.  It 
certainly  should  be  understood  that  during  the  warm  season  of  the  year 
especially,  it  is  unwise, to  handle  wild  rodents;  for  instance,  rabbits,  since 
at  this  time  they  are  rich  in  blood-sucking  insects.  Laboratory  workers 
should  avoid  the  contact  of  infected  tissues  with  their  hands ;  this  is  best 
done  by  wearing  gloves. 
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CHAPTER  XXXII 

THE  PLAGUE 
The  Pest;  the  Black  Death 

Description.— This  is  an  acute,  highly  infectious,  markedly  fatal,  dis- 
ease which  has  been  known  to  the  world  mostly  in  epidemic  form.  It 
results  from  infection  with  a  specific  microorganism,  the  Bacillus  pestis. 
It  manifests  itself  in  two  forms,  the  bubonic  and  the  pneumonic.  The 
fatality  of  the  former  varies  greatly,  while  it  is  rare  for  one  to  recover 
from  the  latter. 

History. — The  Valley  of  the  Nile  is  now  generally  believed  to  have 
been  the  site  of  the  earliest  development  of  civilization.  It  appears  that 
the  Egyptians  of  the  time  of  the  earlier  Pharaohs  drained  the  land, 
built  aqueducts,  disposed  of  their  dead  hygienically,  reared  temples, 
maintained  law  and  order,  developed  the  elements  of  literature  and 
science,  and  devised  and  employed  simple  machinery.  In  speaking  of 
the  Egyptians  of  this  remote  time,  Diodorus  says: 

"The  whole  manner  of  living  was  so  evenly  ordered  that  it  would  ap^Dear  as  though 
it  had  been  arranged  by  a  learned  physician  rather  than  by  a  lawgiver." 

Herodotus  declared  ancient  Egypt  the  healthiest .  of  countries,  but 
filled  with  physicians,  of  whom  "one  treats  only  the  diseases  of  the 
eye,  another  those  of  the  head,  the  teeth,  the  abdomen,  or  the  internal 
organs."  We  are  inclined  to  suspect  that  the  above-given  quotations 
are  exaggerations;  but  that  ancient  Egypt  was  a  fairly  healthy  country 
in  which  the  manhood  of  the  time  was  strong  and  vigorous  and  the  race 
was  for  a  long  time  without  the  scourge  of  severe  epidemics,  seems  to 
be  substantiated  by  the  testimony  of  many.  It  is  quite  equally  certain 
that  preceding  and  at  the  time  of  the  exodus  of  the  children  of  Israel, 
Egypt  was  visited  and  devastated  by  repeated  and  deadly  epidemics. 
In  other  words,  it  is  evident  that  in  the  time  of  its  greatest  civilization 
Egypt  was  salubrious,  and  that  coincident  with  the  decline  in  the  learn- 
ing and  wisdom  of  its  people  it  was  ravaged  by  pestilence.  That  Egypt 
had  lost  much  of  its  salubrity  as  early  as  the  exodus  of  the  children  of 
Israel  is  indicated  by  many  passages  in  the  Bible,  in  which  the  chosen 
people  are  threatened  with  the  diseases  of  Egj^pt  if  they  neglect  or 
violate  the  laws.  Moses  ''learned  in  all  the  wisdom  of  the  Egyptians" 
codified  his  sanitary  rules  and  regulations  in  the  form  of  religious  rites 
and  ceremonies  and  thus  secured  their  observance  among  the  faithful, 
even  down  to  the  present  time.     After  the   departure   of  the   chosen 
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people  it  seems  that  Egypt  has  continuously  borne  an  evil  reputation 
so  far  as  health  is  concerned.     Gribbon  wrote : 

"Ethiopia  and  Egypt  have  been  stigmatized  in  all  ages  as  the  source  and  seminary 
of  the  plague." 

Strieker  is  quite  sure  that  the  pest  among  the  Philistines  described 
in  the  first  book  of  Samuel,  when  the  captured  ark  was  returned  with 
five  golden  emerods  and  five  golden  mice,  was  the  bubonic  plague. 

Thucydides  has  left  a  graphic  description  of  the  great  Athenian 
plague,  but  he  has  left  room  for  controversy  as  to  the  exact  nature  of 
the  disease.  His  description  is  not  sufficiently  clear  to  justify  a  positive 
conclusion.  After  reading  it,  one  concludes  that  it  must  have  been 
either  typhus  fever  or  the  pneumonic  form  of  the  plague.  Probably 
the  weight  of  evidence  is  in  favor  of  the  latter  opinion. 

The  time  of  the  earliest  appearance  of  the  plague  in  Italy  is  not 
known.  It  is  certain  that  it  was  quite  well  established  in  the  peninsula 
in  the  first  century  of  the  Christian  era,  and  in  all  probability  this  was 
not  the  first  visitation.  Unfortunately,  the  historian,  as  a  rule,  con- 
fines his  description  to  martial  and  political  events,  and  consequently 
it  often  happens  that  he  gives  a  wholly  erroneous  idea  of  the  true  con- 
dition of  the  people.     Gibbon  says : 

"If  a  man  were  called  upon  to  fix  the  period  in  the  history  of  the  world,  during 
which  the  condition  of  the  human  race  was  most  happy  and  prosperous,  he  would  with- 
out hesitation,  name  that  which  elapsed  from  the  death  of  Domitian  to  the  accession 
of  Commodus"  (from  96  to  180  A.  D.) 

Noah  Webster,  in  his  work  on  epidemics  and  pestilence,  quotes  the 
preceding,  and  adds  the  following  just  comment: 

"It  is  certain  that,  at  this  time,  the  Roman  Empire  was  in  its  glory,  and  governed 
by  a  series  of  able  and  virtuous  princes,  who  made  the  happiness  of  their  subjects  their 
j)rincipal  object.  But  the  coloring  given  to  the  happiness  of  this  period  is  far  too 
brilliant.  The  success  of  armies  and  the  extent  of  empire  do  not  constitute  exclusively 
the  happiness  of  nations;  and  no  historian  has  a  title  to  the  character  of  fidelity,  who 
does  not  comprehend,  in  his  general  description  of  the  state  of  mankind,  moral  and 
physical,  as  well  as  political  evils." 

It  may  be  profitable  to  make  some  inquiry  as  to  the  diseases  which 
prevailed  in  this  "most  happy  and  prosperous"  period.  We  find  that 
it  was  preceded  by,  begun  in,  continued  in,  and  closed  in,  pestilence. 
Evidence  of  the  truth  of  this  statement  is  furnished  by  the  great  his- 
torian Tacitus,  who  wrote  of  the  epidemic  of  68  A.D.  as  follows: 

"Houses  were  filled  with  dead  bodies  and  the  streets  with  funerals;  neither  age 
nor  sex  was  exempt;  slaves  and  plebians  were  suddenly  taken  off,  amidst  lamentations 
of  their  wives  and  children,  who,  while  they  assisted  the  sick  or  mourned  the  dead, 
were  seized  with  the  disease,  and  perishing,  were  burned  on  the  same  funeral  pyre.  To 
the  knights  and  senators  the  disease  was  less  mortal,  though  these  also  suffered  in  the 
common  calamity." 
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In  the  year  80  A.D.  deatlis  from  the  plague  in  Rome  alone  at  the 
height  of  the  epidemic  numbered  10,000  a  day.  It  is  estimated  that  the 
population  of  Rome  at  that  time  was  something  more  than  1,000,000. 
Rufus,  of  Ephesus,  who  lived  in  the  reign  of  Trajan  (98-117  A.D.),  has 
left  a  description  of  the  epidemic  of  his  time,  and  this  is  so  clear  and 
unequivocal  that  there  can  be  no  doubt  about  its  being  the  disease  which 
we  are  now  describing.  He  Avrote:  "Pestilentes  bubones,  maxime 
letales  et  acuti,  qui  maxime  circa  Lybiam,  et  Aegyptum  et  Syriam  ob- 
servantur. " 

Exacerbations  of  this  disease  in  Rome  are  recorded  for  the  years  102, 
107,  and  117  A.D.  The  year  167  A.D.  is  noted  for  an  unusually  severe 
outbreak  of  the  plague  at  Rome,  where  it  continued  for  many  years. 
In  173  A.  D.  the  Roman  Army  was  threatened  with  extinction  by  this 
disease,  and  special  epidemics,  or  rather  exacerbations  of  the  same  epi- 
demic, prevailed  in  the  city  in  175  and  178  A.D. 

During  this  time  the  plague  was  not  confined  to  Rome  or  to  Italy,  but 
it  accompanied  the  Roman  eagle  to  the  most  distant  parts  of  the  vast 
empire.  According  to  Short,  deaths  from  this  disease  in  Scotland  be- 
tween 88  and  92  A.D.  amounted  to  not  less  than  150,000.  This  was  prob- 
ably not  less  than  one-fourth,  and  probably  one-half  the  population  of 
Scotland  at  that  time.  According  to  the  same  authority,  45,000  died  of 
the  plague  in  Wales  in  114. 

Having  seen  something  of  the  condition  of  the  Roman  Empire  pre- 
ceding and  during  the  ''happy  and  prosperous"  period,  let  us  inquire 
as  to  what  followed  it.    A  writer  of  that  time  states : 

"A  great  pestilence  raged  tlu'ougliout  Italy  at  that  time  (aboiit  187  A.  D.)  but 
with,  most  violence  in  the  city,  by  reason  of  the  great  concourse  of  people  assembled 
from  all  parts  of  the  earth.  The  mortality  among  men  and  cattle  was  great.  The 
emperor,  by  advice  of  physicians,  retired  to  Laurentium,  on  account  of  the  coolness  of 
the  place,  wMch  was  shaded  with  laurels.  It  was  supposed  that  the  fragrance  of  the 
laurels  acted  as  an  antidote  against  contagion.  Tlie  people  in  the  city,  also,  by  the 
advice  of  physicians,  filled  their  noses  and  ears  with  sweet  ointments  and  used  per- 
fumes, etc. ' ' 

When  we  read  the  gems  of  wisdom,  said  to  have  been  formulated  by 
that  great  emperor  and  philosopher,  Marcus  Aurelius  Antoninus,  we 
are  inclined  to  think  that  the  period  when  he  sat  on  the  throne  of  the 
world  'deserves  to  be  called  the  golden  age.  It  is  with  special  interest, 
therefore,  that  we  read  what  his  personal  attendant,  courtier,  and  his- 
torian Avrote  in  extolling  the  virtues  of  his  master: 

"Unless  he,  M.  Antoninus,  had  been  born  at  this  juncture  the  affairs  of  the  empire 
would  have  fallem  into  speedy  ruin,  for  there  was  no  respite  from  militaiy  operations. 
War  raged  in  the  east,  in  Illyricum,  in  Italy,  and  in  Gaul.  Earthquakes  with  destruc- 
tion of  cities,  inundations  of  rivers,  frequent  plagues,  a  species  of  locust  ravaging  the 
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fields;    in  short,   every  calamity   that   could  be   conceived   to   afflict   and   torment   man 
scourged  the  human  race  during  his  administration." 

The  physician .  and  historian,  Procopius,  in  his  account  of  the  great 
pestilence  in  the  reign  of  Justinian  ''emulated  the  skill  and  diligence 
of  Thucydides  in  the  description  of  the  plague  at  Athens."  Founded 
upon  the  evidence  supplied  by  the  writings  of  Procopius,  Gibbon  wrote 
of  this  epidemic  as  follows: 

"In  time  its  first  malignancy  was  abated  and  dispersed;  the  disease  alternately 
languished  and  revived,  but  it  was  not  till  the  end  of  a  calamitous  period  of  52  years, 
that  mankind  recovered  their  health,  and  the  air  resumed  its  pure  and  salubrious 
quality.  No  facts  have  been  preseTved  to  sustain  an  account,  or  even  a  conjecture,  of 
the  numbers  that  perished  in  this  extraordinary  mortality.  I  only  find  that  during 
three  months,  four  and  at  length  ten  thousand  persons  died  each  day  at  Constantinople, 
that  many  cities  of  the  east  were  left  vacant,  and  that  in  several  districts  of  Italy, 
the  harvest  and  vintage  withered  on  the  ground.  The  triple  scourge  of  war,  pestilence 
and  famine  afflicted  the  subjects  of  Justinian,  and  his  reign  is  disgraced  by  a  visible 
decrease  of  the  human  species,  which  has  never  been  replaced  in  some  of  the  fairest 
countries  of  the  globe. ' ' 

This  epidemic  spread  from  Constantinople  over  the  whole  of  Europe 
slowly  as  the  means  of  travel  furnished  opportunity.  It  turned  aside 
into  out-of-the-way  recesses  wherever  necessity  or  inclination  led  its 
carriers.  It  took  it  more  than  a  century  to  reach  England,  where  "it 
fabled  long  after  in  prose  and  verse  as  the  great  plague  of  Cadwala- 
cler's  time."  Then  for  more  than  a  thousand  years  it  repeated  its 
periodic  harvests  as  often  as  immunity  was  lost  in  new  generations. 

In  the  fourth  century  the  seat  of  the  imperial  government  was  re- 
moved from  Rome  to  Byzantium.  It  is  probable  that  this  change  was, 
in  part  at  least,  determined  by  the  insalubrity  of  Italy.  Early  in  the 
fifth  century  Rome  was  pillaged,  but  the  real  conquerors  of  the  Eternal 
City  were  not  the  Goths  and  Vandals,  but  malaria  and  the  plague. 
Disease   continued  to  devastate  the  peninsula.     Creighton  says: 

''About  the  year  668  the  English  archbishop-elect,  Vighard,  having  come  to  Rome 
to  get  his  election  confirmed  by  the  pope,  Vitalauius,  was  soon  after  his  arrival  cut  off 
by  the  pestilence  with  almost  all  who  had  gone  with  him.  Twelve  years  after,  in  680, 
there  was  another  severe  pestilence  in  the  months  of  July,  August,  and  September, 
causing  a  great  mortality  at  Rome  and  such  a  panic  at  Pavia  that  the  inhabitants  fled 
to  the  mountains.  In  746  a  pestilence  is  said  to  have  advanced  from  Sicily  and  Calabria 
and  to  have  made  such  devastation  in  Rome  that  there  were  houses  without  a  single 
inhabitant  left." 

Periodically,  from  that  time  on,  the  plague  visited  Italy  until  the 
seventeenth  century,  while  malaria  has  been  in  continuous  possession 
of  its  most  fertile  regions  down  to  our  Own  time.  We  are  informed 
that  the  plague  epidemic  in  1348  reduced  the  inhabitants  of  the  Eternal 
City  to  20,000.  We  are  familiar  with  the  graphic  description  of  the 
plague  in  Florence  by  Bocaccio,  who  wrote: 
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"Such  was  tlio  cruelty  of  Heaven  and  perhaps  of  men,  that  between  March  and 
July  following,  it  is  supposed  and  made  pretty  certain,  that  upwards  of  100,000  souls 
perished  in  the  city  only,  whereas,  before  that  calamity,  it  was  not  supposed  to  have 
contained  so  many  inhabitants.  What  magnificent  dwellings,  what  noble  palaces  were 
then  depopulated  to  the  last  person,  what  families  extinct,  what  riches  and  vast  pos- 
sessions left,  and  no  known  heir  to  inherit,  what  numbers  of  both  sexes  in  the  prime 
and  vigor  of  youth — who  in  the  morning  Galen,  Hippocrates  or  Esculapius 
himself,  would  have  declared  in  perfect  health — after  dining  heartily  with  their 
friends  here  have  supped  with  their  departed  friends  in  the  other  world. ' ' 

Guy  de  Chauliac,  body  physician  of  Clement  VI  (pope  from  1342  to 
1352),  recognized  the  two  forms  of  the  plague.     He  wrote: 

THE  SECOND  PANDEMIC  OF  PLAGUE 

EXTENSION  OF  THE    DISEASE    BETWEEN 

1200  -  1450.  A.D.      . 


Insec+S       ood       Disease      Aroerican    Museum 
of,  TSfos+ur-ol    History, Guide  Leaf le+ No,48 

Fig.   SO. 

"Pestis  habuit  duos  modos.  Primus  fuit  per  duos  mouses  cum  febre  coutiuua  ct  sputo 
saugTiiuis.  Et  isti  moriebantur  infra  tres  dies.  Seeundus  fuit  per  residuum  temporis 
cum  febre  etiam  continua  et  apostematibus  et  autliracibus  in  exterioribus,  potissime  in 
subasellis  et  ing-uinibus.  Et  moriebantur  infra  quinque  dies.  Et  fuit  tantae  contagio- 
sitatis,  specialiter  quae  fuit  cum  sputo  sanguinis,  quod  non  solum  morando,  sed  etiam 
iuspiciendo  unus  reeipiebat  ab  alio." 

In  the  wide  range  of  literature  there  are  but  few  passages  so  tragic 
as  the  short  record  of  the  plague  of  the  fourteenth  century  begun  by 
the  friar  of  Kilkenny,  but  interrupted  by  his  death: 

"I  friar,  John  Clyn,  of  the  order  of  Friars  Minor  and  of  the  convent  of  Kilkenny, 
wrote  in  this  book  those  notable  things  which  happened  in  my  times,  which  I  saw  with 
my  eyes,  or  which  I  learned  from  persons  worthy  of  credit.  And  lest  these  things 
worthy  of  remembrance  should  perish  with  time  and  fall  away  from  the  memory  of 
those  who  are  to  come  after  us,  I,  seeing  these  many  evils,  and  the  whole  world  h^ng, 
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as  it  were  in  the  wicked  one,  among  tlie  dead,  awaiting  dcatli — as  I  have  truly  heard 
and  examined;  so  have  I  reduced  these  things  to  writing;  and  lest  the  writing  should 
perish  with  the  writer,  and  the  work  faU  altogether  with  the  workman,  I  leave  parch- 
ment for  continuing  the  work,  if  haply  any  man  survive,  and  any  of  the  race  of  Adam 
escape  this  pestilence  and  continue  the  work  I  have  commenced." 

It  is  estimated  that  during  the  dark  ages  the  average  of  human  life 
was  less  than  20  years.  A  high  birth  rate  was  necessary  to  keep  the 
race  alive,  but  notwithstanding  this,  Europe  was  sparsely  inhabited.  At 
the  time  of  the  Norman  conquest  the  inhabitants  of  England  numbered 
between  two  and  two  and  one-half  million, — probably  nearer  the  former, 
for  they  had  not  reached  the  greater  number  a  hundred  years  later. 
Creighton  says: 

"It  would  be  within  the  mark  to  say  that  less  than  one-tenth  of  the  population 
was  urban  in  any  distinctive  sense  of  the  term.  After  London,  Norwich,  York,  and 
Lincoln,  there  were  probably  no  towns  with  5,000  inhabitants. ' ' 

Indeed,  urban  life,  as  we  now  know  it,  was  quite  impossible  in  this 
age  of  pestilence  and  would  soon  become  so  again  were  the  functions 
of  preventive  medicine  relaxed. 

Nankivell  writes  of  the  plague  in  England  in  the  fourteenth  century 
as  follows : 

' '  The  distribution  of  the  mortality  was  various.  Those  of  high  rank  were  not  greatly 
affected,  but  of  the  common  people  an  incalculable  number  died,  and  very  many  of 
the  clergy,  nuns,  and  friars.  The  religious  houses  seem  especially  to  have  been  severely 
visited  by  the  Black  Death,  and  many  of  them  were  closed  and  left  deserted.  The  rec- 
ords of  mortality  in  those  days  were  indifferently  kept,  and  it  is  most  difficult  to  arrive 
with  any  accuracy  at  an  estimate  of  the  number  of  those  who  died  of  the  plague.  Con- 
temporary writers  vary  in  their  estimates  from  one-fifth  to  nine-tenths  of  the  total 
population  as  the  extent  of  the  mortality,  but  it  is  probable  that  between  half  and  two- 
thirds  Avould  be  a  more  accurate  estimation.  In  other  words  the  death  rate  in  Eng- 
land during  the  years  of  the  Black  Death  was  somewhere  near  600  per  thousand  per- 
sons living!  It  is  probable  that  about  20,000  persons  died  in  London  out  of  an  esti- 
mated population  of  40,000.  In  Leicester  there  were  about  1,500  deaths  among  a  popu- 
lation of  under  4,000  persons.  In  Bodmin  there  were  the  same  number  of  deaths  out 
of  a  population  of  some  3,000  people.  Norwich  had,  perhaps,  17,000  deaths  out  of  a 
population  wMcli  was  probably  about  25,000,  although  in  the  borough  records  the  mor- 
tality was  stated  to  be  over  57,000,  which  is  manifestly  exaggerated.  Yarmouth  lost 
7,000  of  its  12,000  people.  As  far  as  we  can  read  from  the  scarce  records,  mortality 
of  a  like  nature  was  present  through  the  length  and  breadth  of  the  land.  Business  was 
dislocated;  cattle  and  sheep  were  left  to  wander,  for  there  was  no  one  to  care  for  them, 
and  a  murrain  occurred  among  the  beasts.  As  half  the  labor  in  the  country  was  dead, 
wages  rose  to  an  unprecedented  height,  and,  according  to  Creighton,  many  villeins  and 
bondsmen  took  the  opportunity  of  escaping  to  the  towns  or  to  distant  manors,  where 
they  could  make  their  own  terms.  The  Black  Death  was,  therefore,  the  last  nail  in  the 
coffin  of  the  old  feudal  system. ' ' 

Most  of  the  great  epidemics  of  the-  middle  ages  were  designated  as 
pestilentia  or  magna  mortalitas.     In  the  most  deadly  visitations,  the 
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bubonic  plague  is  so  accurately  described  that  there  can  be  no  doubt 
about  its  identity;  but  it  must  not  be  supposed  that  the  people  enjoyed 
any  high  degree  of  health  even  in  those  periods  when  this  contagion 
languished  on  account  of  exhaustion  of  susceptible  victims.  Ergotism, 
under  the  name  of  Saint  Anthony's  fire,  was  endemic  in  France  and 
adjacent  territories;  Normandy  was  filled  with  lepers;  but  Christ's  poor 
were  not  confined  to  that  country.  England  was  regarded  as  the  special 
home  of  hunger,  but  abundance  was  a  stranger  to  the  masses  in  every 
land.  The  mysterious  sweating  sickness,  apparently  brought  to  England 
with  Henry  Tudor  in  1485,  developed  in  five  distinct  epidemics,  which 
were  characterized  by  the  fact  that  the  mortality  was  greater  among 
the  rich  than  among  the  poor.  Typhus,  known  as  morbus  pauperum, 
prevailed  largely  in  the  jails,  on  ships,  and  among  the  squalid  inhabi- 
tants of  the  cities.  It  is  held  by  many  eminent  authorities  that  the  dis- 
covery of  America  carried  to  Europe  the  scourge  of  syphilis,  which 
was  spread  over  Italy  by  the  soldiers  of  Charles  VIII,  and  within  a  few 
years  reached  the  most  distant  parts  of  Europe.  Smallpox  appeared  in 
England  in  the  sixteenth  century,  having  journeyed,  according  to  the 
most  reliable  authority,  all  the  way  from  the  Orient.  That  tuberculosis, 
diphtheria,  dysentery,  and  other  diseases  still  Avith  us,  prevailed  during 
the  middle  ages  is  shown  by  the  records,  but  they  were  overshadowed  by 
the  higher  mortality  of  those  mentioned  above.  Improved  agriculture 
has  extinguished  the  fire  of  Saint  Anthony,  except  in  the  most  benighted 
provinces  of  Russia.  The  great  fire  in  London  in  1666  destroyed  the 
infected  rats  and  relieved  England  of  the  bubonic  plague,  Avhich  had 
been  endemic  in  that  country  since  1349.  Something  more  than  100 
years  later  the  discovery  of  Jenner  robbed  smallpox  of  its  horrors  wher- 
ever vaccination  is  properly  enforced.  The  investigation  of  Howard  im- 
proved the  sanitation  of  jails  and  workhouses  and  did  much  to  eradicate 
typhus. 

Thirty-two  deaths  from  plague  are  noted  in  the  U.  S.  Registration 
Area  from  1911  to  1919  inclusive.  One  death  occurred  in  1911,  2  in 
1913,  10  in  1914,  1  in  1915  and  18  in  1919.  In  the  last  mentioned  year 
13  of  the  deaths  are  charged  to  California. 

Bacillus. — This  was  discovered  and  isolated  by  Yersin  and  Kitasato 
independently  in  the  epidemic  in  Cochin  China,  and  at  Hongkong  (1893- 
1894).  Since  the  description  given  by  these  investigators  did  not  agree 
in  every  detail,  it  was  suggested  that  the  organisms  obtained  by  them 
are  not  identical;  but  subsequent  studies  have  shown  that  they  are  only 
slightly  different  strains  of  the  same  bacterium.  The  bacillus  is  a  short, 
plump  rod  with  rounded  ends  and  stains  more  deeply  at  the  ends  than 
in  the  middle — bipolar  staining.  In  length  it  varies  from  1.5  to  1.7 
of  a  micron  and  its  breadth  is  about  one-third  its  length;  however,  it 
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manifests  marked  morphologic  variability,  coccus-like  forms  and  long 
rods  being  found  in  the  same  body,  also  in  the  discharge  from  buboes 
and  in  the  sputum.  The  polymorphic  growth  of  this  bacillus  must  be 
held  in  mind  in  making  a  microscopic  diagnosis,  which  is  easily  done 
by  an  expert.  It  takes  the  basic  stains,  such  as  methylene-blue,  quickly 
and  deeply.  Gaffky  recommends  that  the  dried  smear  be  washed 
with  0.5  per  cent  of  acetic  acid  before  the  stain  is  applied.  It  is  non- 
motile,  nonliquefying,  and  may  show  a  mucous  capsule.  This,  however, 
is  often  not  recognizable  unless  it  be  brought  out  by  special  methods. 
In  the  first  description  of  his  find,  Kitasato  made  it  a  motile  organism, 
but  subsequently  it  was  shown  that  such  motility  as  it  may  manifest 
is  wholly  passive.  It  is  sporeless,  but  may  remain  viable  in  culture 
for  four  years. 

Most  pathogenic  bacteria  have  their  optimum  growth  temperature 
at,  or  slightly  above,  that  of  the  animal  body.  This  is  not  true  of  the 
plague  bacillus.  It  grows  at  the  temperature  of  man's  body;  otherwise, 
it  could  not  be  pathogenic  to  man;  but  in  artificial  cultures  it  grows 
rapidly  and  abundantly  some  degrees  lower.  It  grows,  but  less  rapidly 
still,  at  febrile  temperatures.  It  develops  on  neutral  and  feebly  alkaline 
media  and  is  an  aerobe.  On  gelatin  plates  at  22°  C.  (71.6°  F.)  it  devel- 
ops within  three  days  fairly  characteristic  colonies.  The  superficial  ones 
project  above  the  surface,  are  coarsely  granular  and  partially  trans- 
parent. They  do  not  liquefy  the  gelatin  and  the  deep  colonies  are  in 
no  way  characteristic.  In  gelatin  stick  cultures,  this  bacillus  grows 
slowly,  but  uniformly  along  the  line.  In  undisturbed  bouillon,  a  de- 
posit forms ;  later  the  surface  is  covered,  and  stalactites  and  stalagmites 
may  develop ;  however,  these  formations,  although  striking,  are  not 
confined  to  cultures  of  the  plague  bacillus.  Hankin  uses  for  diagnostic 
purposes  an  agar  containing  from  2.5  to  3.5  per  cent  of  salt.  On  this 
medium  well-marked  involution  forms  develop.  Swollen,  spindle-shaped, 
and  ovoid  forms  appear  instead  of  the  normal  rods.  Other  investiga- 
tors claim  that  other  bacteria  grown  on  this  medium  develop  similar 
forms  and  that  this  test  should  not  be  relied  on  for  diagnostic  purposes ; 
however,  this  is  largely  a  matter  of  expert  training.  Hankin,  in  the 
midst  of  the  plague  in  India,  has  in  all  probability  acquired  an  expert- 
ness  which  a  European  laboratory  worker  with  only  old  cultures  at 
hand  is  not  likely  to  secure  after  a  short  series  of  tests.  The  plague 
bacillus  grows  abundantly  on  coagulated  serum,  but  offers  nothing  dis- 
tinctive in  such  growths.  It  multiplies  slowly  in  sterilized  milk  without 
coagulation,  although  there  is  a  slight  development  of  acid.  In  pepton 
solution  and  on  potato  its  growth  is  slow  and  nondistinctive. 

The  bacillus  may  retain  both  vitality  and  virulence  for  a  long  time 
in  men  and  rats  recovered  from  the  disease.     The  organisms  carried  bv 
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these  liosts,  however,  are  not  always  virulent.  Moreover,  as  a  rule,  men 
and  animals  recovered  from  the  disease  are  free  from  the  bacillus. 
Strong  found  that  avirulent  bacilli  injected  subcutaneously  into  apes  are 
wholly  destroyed  within  24  hours.  As  has  been  said,  cultures  pro- 
tected from  drying  and  from  the  light  may  remain  viable  after  four 
years  and,  indeed,  they  have  been  reported  as  still  virulent.  Old  sub- 
cultures after  many  years  become  quite  inert.  While  complete  desicca- 
tion soon  destroys  the  bacillus,  so  long  as  moisture  persists,  its  destruc- 
tion within  a  reasonable  time  is  improbable.  From  this  we  may  deduce 
two  practical  lessons.  The  first  is  that  plague  pus  or  sputum  deposited 
on  clothing  may  retain  its  vitality  for  months.  The  second  is  that  air- 
borne infection  does  not  play  an  important  role  in  the  distribution  of 
this  disease.  The  last  statement  must  not  be  taken  as  denying  the  pos- 
sibility or  even  the  probability  of  droplet  infection,  especially  in  pneu- 
monic cases.  Direct  sunlight  kills  speedily,  the  time  varying  with  the 
thickness  of  the  layer.  Speaking  generally,  hours  are  necessary.  An 
agar  culture  exposed  to  direct  sunlight  contains  virulent  bacilli  after 
two  hours  and  bubonic  pus  placed  on  glass  and  exposed  directly  to  sun- 
light is  nonvirulent  after  about  six  hours.  Bouillon  cultures  used  for 
immunizing  purposes  are  sterilized  by  heating  for  one  hour  at  58°  C. 
(136.4°  F.).  Boiling  kills  in  one  minute.  Dry  heat  at  100°  C,  continued 
for  one  hour,  kills  the  bacillus.  Ordinary  methods  of  disinfection  suffice 
to  destroy  this  organism. 

The  virulence  of  this  bacillus  is  quite  variable.  It  is  probably  true 
that  the  bacterium  from  any  animal  dead  of  this  disease  is  pathogenic 
to  the  rat  and  guinea  pig,  but  some  strains  retain  their  virulence  through 
many  generations  when  grown  artificially,  while  others  lose  it.  The 
virulence  is  more  quickly  lost  at  incubator  than  at  lower  temperature. 
In  order  to  preserve  the  virulence  of  cultures,  passage  through  sus- 
ceptible animals  should  be  resorted  to  from  time  to  time.  Repeated 
animal  passage  may  revive  a  failing  virulence. 

All  rodents  are  susceptible  to  the  plague  bacillus,  but  between  the 
different  species  of  these  there  are  wide  variations.  The  most  suscepti- 
ble is  the  rat,  which  suffers  extensively  from  epidemics  of  this  disease 
and  responds  to  every  form  of  artificial  inoculation.  When  the  plague 
virus  is  rubbed  into  the  shaved  or  clipped  abdomen  of  this  animal  the 
bacillus  finds  its  way  through  the  skin,  apparently  when  there  is  no 
injury,  and  causes  a  general  infection.  When  the  skin  is  pricked  Avith 
the  finest  infected  needle,  the  nearest  glands  become  swollen  and  the 
neighboring  tissue  edematous,  while  the  infection  extends  to  other 
glands  and  soon  a  general  infection  is  established.  The  spleen  is  en- 
larged, the  lungs  and  liver  become  hyperemic  and  after  death  the 
bacillus  is  found  in   every  part   of  the   body.     When   the   injection  is 
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made  into  the  peritoneal  cavity,  the  bacillus  passes  through  the  peri- 
toneal walls,  which  seem  only  somewhat  more  moist  than  normal,  and 
reaches  the  various  organs.  Given  by  mouth,  the  first  visible  effect  may 
be  an  enlargement  of  the  cervical  glands,  or  the  mucous  membrane  of 
the  stomach  and  small  intestine  may  become  inflamed  and  hemorrhagic 
and  the  mesenteric  and  other  glands  may  "be  enlarged.  Either  form  of 
the  disease  may  develop  and  in  any  case  the  disease  terminates  fatally. 
When  a  dilute  culture  is  painted  on  the  mucous  membrane  of  the  nose 
carefully  to  avoid  abrasion  or  dropped  into  the  conjunctival  sac,  gen- 
eral infection,  the  pneumonic  or  the  bubonic  form,  develops. 

McCoy  found  that  the  ground-squirrel  and  the  rock-squirrel  of  Cali- 
fornia are  quite  as  susceptible  as  the  rat.  Strong  and  others  in  the 
study  of  the  Manchurian  outbreak,  place  the  Siberian  marmot  in  the 
same  list.  '  All  these  animals  develop  epidemics  of  the  plague. 

The  guinea  pig  is  slightly  less  susceptible  than  the  above  named 
animals  to  the  plague  bacillus  on  inoculation.  No  outbreak  of  the 
plague  in  the  guinea  pig  in  its  native  state  is  recorded,  but  there  was 
an  epidemic  among  these  animals  in  the  Zoological  Garden  at  Sydney 
in  1902.  Both  gray  and  white  mice  are  susceptible  and  may  acquire 
the  disease  by  feeding  on  infected  material.  Rabbits  are  somewhat  less 
susceptible  than  guinea  pigs  and  mice.  They  are  killed  by  subcutaneous 
inoculations,  but  are  not  affected  by  feeding.  Cats  may  acquire  the 
disease  through  eating  infected  mice  or  rats.  Hunter  reports  such 
cases  from  Hongkong.  Ferrets,  also  used  in  destroying  rats,  may  suc- 
cumb when  the  feeding  is  long  continued.  Hyenas,  jackals,  and  dogs 
are  only  slightly  susceptible,  especially  by  way  of  the  mouth.  Accord- 
ing to  Toyama,  the  Japanese  bat  is  quite  susceptible.  Wilson  reports 
an  epidemic  among  hogs  in  Hongkong.  Cattle,  sheep,  goats  and  horses 
are  not  susceptible.  Subcutaneous  inoculations  in  these  animals  are 
followed  by  local  reactions,  but  general  infection  does  not  result.  The 
testimony  concerning  the  susceptibility  of  birds,  reptiles,  amphibians 
and  fish  is  conflicting,  but  it  seems  to  be  safe  to  say  that  these  animals 
play  no  part  in  the  distribution  of  the  disease. 

In  his  early  work,  Yersin  observed  that  an  unusual  number  of  the 
flies  in  his  workroom  died  and  later  Nuttall  showed  that  the  fly  may 
be  infected,  fatally  to  itself  and  may  distribute  the  disease.  The  plague 
bacillus  has  been  found  in  ticks,  ants,  and  lice.  The  role  played  by 
the  flea  in  this  disease  will  be  discussed  later.. 

Apes  resemble  man  in  their  susceptibility  to  plague,  developing  both 
the  pneumonic  and  bubonic  forms.  Epidemics  among  these  animals 
have  been  reported. 

Modes  of  Infection. — According  to  Dieudonne  and  Otto,  there  are 
five  geographical  foci  where  the  plague  is  endemic  and  from  which  it  is 
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spread  to  diverse  parts  of  the  earth.    Four  of  these  are  in  Asia  and  one 
in  Africa. 

The  first  lies  in  the  Kwen-fun  mountains  in  the  eastern  Himalayas. 
From  this  place  the  plague  extended  in  1893'  to  Cochin  China  and  Hong- 
kong. The  second  is  in  the  southwestern  foothills  of  the  Himalayas. 
From  this  place  the  disease  spread  over  India,  reaching  Bombay  in 
1896,  and  at  the  same  time  it  traversed  Persia  and  reached  the  Black 
Sea,  invading  Eussia  by  way  of  Samarkand.  This  focus  has  a  popula- 
tion of  about  1,000,000,  and  English  physicians  have  reported  30  smaller 
or  larger  epidemics  in  this  region  between  1823   and  1897.     Many  of 
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these  resembled  the  black  death  of  the  middle  ages  and  Avere  certainly 
the  pneumonic  form  of  the  plague.  These  epidemics  affected  both  men 
and  rats.  Among  the  latter  there  exists  a  chronic  plague  which  serves 
to  keep  the  bacillus  alive  and  virulent. 

The  third  region  is  the  most  extensive,  covering  northern  Mongolia 
and  the  Kirghiz  Steppes.  From  this  localitj^  the  plague  in  highly  Adru- 
lent  form  spread  over  Manchuria  in  the  Avinter  of  1910-1911.  The 
infection  of  this  region  Avas  first  investigated  in  1895  by  tAVO  Russian 
physicians  AAdio  discovered  Avhat  has  since  been  knoAAai  as  the  "tara- 
bagan"  plague.  The  tarabagan  or  Siberian  marmot  is  a  small  animal, 
Avidely  distributed  in  the  mountains  about  Lake  Baikal  and  OA^er  the  high 
tableland  of  Avestern  Siberia.     It  liA^es  in  large  families  in  excaA'ations 
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which  they  make  and  which  are  several  feet  deep.  They  leave  their 
homes  in  great  numbers  in  the  fall  in  search  for  food.  They  are  valu- 
able on  account  of  their  fur  and  many  of  them,  being  ill  with  the  plague, 
are  easily  captured.  It  has  long  been  known  that  men  become  infected 
with  a  highly  fatal  disease  in  skinning  the  animals.  The  bacillus, 
having  found  a  human  host,  is  spread  from  man  to  man.  The  crowded 
life  in  small  huts  during  the  winter  favors  the  spread  of  the  infection. 
AVhole  communities  are  wiped  out  and  in  fear  many  flee  to  adjacent 
territory,  carrying  the  disease  with  them.  The  marmots  die  in  great 
numbers  and  are  eaten  by  dogs  and  wolves.  It  is  not  known  whether 
these  animals  are  infected  from  such  food  or  not.  It  is  not  supposed 
that  they  play  an  important  role  in  the  transmission  to  man.  In  man 
the  pneumonic  form  of  the  plague  is  most  in  evidence,  and  the  bacillus 
is  disseminated  by  droplets  in  talking,  sneezing,  and  coughing.  The 
cervical  glands  are  often  involved,  the  inguinal  less  frequently.  The 
fourth  Asiatic  focus  lies  in  the  mountains  on  the  southwest  coast  of 
Arabia  in  the  region  of  Assir  on  the  Red  Sea.  This  region  has  not  been 
closely  studied.  The  African  nursery  is  found  in  Uganda  near  the 
source  of  the  White  Nile.  It  is  supposed  that  this  region  is  the  breeding- 
place  of  the  pestilence  which  has  given  Egypt  an  evil  reputation  for  so 
many  centuries. 

The  distribution  from  these  centers  and  from  secondary  foci  follows 
lines  of  traffic,  penetrating  distant  lands  and  traversing  the  widest  seas. 

The  infection  in  man  may  be  transferred  directly  from  one  to  the 
other.  This  is  the  chief  method  of  spread  in  the  pneumonic  form.  The 
sputum  is  full  of  the  bacilli  and  in  crowded  families  droplet  infection 
is  most  common.  Among  the  more  civilized  and  the  better  housed 
peoples,  this  method  of  transmission  is  rapidly  becoming  less  potent. 
In  1900  out  of  276  cases  in  Sydney  there  were  only  ten  houses  in  which 
more  than  one  case  developed.  While  ''carriers"  play  an  unimportant 
role  in  the  transmission  of  the  plague,  it  is  known  that  those  recovering 
from  the  pneumonic  form  may  suffer  from  a  more  or  less  chronic  bron- 
chitis in  which  the  sputum  remains  infective.  The  bubonic  form  does 
not  favor  direct  transmission,  but  in  this  form  the  transfer  may  be  in- 
direct, by  soiled  clothing  and  infected  houses.  It  has  long  been  known 
that  poverty  and  hunger  favor  the  spread  of  this  disease.  Undoubtedly 
ignorance  and  filthy  habits  are  also  important  factors.  The  figures 
from  Bombay  show  the  following  distribution  per  1,000,000  among  the 
several  classes:  Low  caste  Hindoos,  53.7;  Brahmins,  20.7;  Mohamme- 
dans, 13.7;  Eurasians,  6.1;  Jews,  5.2;  Parsees,  4.6;  Europeans,  0.8. 

The  rat  has  long  been  suspected  as  playing  a  part  in  the  distribution 
of  this  disease.  In  the  great  epidemics  of  the  middle  ages  it  was  ob- 
served that  rats  come  from  their  holes,  lose  all  fear  of  man,  become 
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uncertain  in  movement  and  die  in  great  numbers.  Tlie  most  ignorant 
came  to  regard  dcatlis  among  rats  as  foretelling  tlie  coming  of  the 
plague  and  fled  from  tlieir  homes  when  confronted  with  this  evidence. 
The  discovery  of  the  bacillus  and  the  study  of  its  effects  on  the  lower 
animals,  as  well  as  on  man,  has  at  least  partially  cleared  up  the  mystery, 
although  there  are  still  unsolved  problems.  Rodents  are  the  most  active 
distributors  of  this  disease.  They  carry  the  infection  from  house  to 
house,  from  village  to  village,  and  from  home  ports  to  distant  lands. 
The  first  appearance  of  the  disease  in  a  country  previously  free  from 
the  infection  occurs  in  those  occupied  about  the  docks,  receiving  grain 
and  other  commodities  from  infected  lands.  Generally  before  a  case  has 
occurred  in  man  the  wharf  rats  are  observed  to  behave  peculiarly  and 
then  to  die  in  large  numbers.  An  infected  rat  has  landed  from  the  ship 
and  has  infected  others.  How  does  one  rat  infect  others'?  The  most 
probable  answer  to  this  question  is  that  the  sick  new  arrivals,  one  or 
more,  have  died  and  the  natives  have  fed  on  the  corpse  and  acquired 
the  infection  in  this  way.  While  a  hungry  rat  may  feed  on  the  dead 
of  its  own  species,  it  seems  to  prefer  other  food.  Moreover,  in  a  dead 
rat  the  bacilli  of  plague  do  not  retain  their  virulence  for  many  days, 
the  exact  time  varying  with  the  temperature.  While  a  rat  may  be 
infected  by  feeding  on  a  dead  fellow,  it  is  much  more  susceptible  to 
inoculation  through  the  skin.  The  conclusion  is  that  while  this  method 
of  transfer  may  and  probably  does  occur,  it  is  not  the  sole  or  even  the 
most  important  method,  and  we  shall  look  farther. 

The  urine  and  feces  of  the  infected  rat  may  be  deposited  on  grain 
or  other  kinds  of  food  and  eaten  by  the  native  animal.  This  is  a  possi- 
bility easily  submitted  to  experiment.  It  has  been  tried  and  has  failed 
in  all  cases.  Corn  and  other  grains  have  been  mixed  with  the  urine 
and  feces  of  infected  rats  and  fed  to  sound  ones  with  wholly  negative 
results. 

Rats  serve  as  hosts  to  several  parasites,  among  which  is  the  rat-flea 
(Xenopsylla  cheopis)  and  possibly  this  may  serve  in  the  transfer  of 
the  bacillus  from  one  rat  to  another.  In  the  first  place  this  flea  is  taken 
from  an  infected  rat,  examined  and  found  to  contain  the  bacillus  of  plague. 
This  seems  to  be  a  step  in  the  right  direction.  Such  a  flea  is  crushed, 
a  needle  touched  with  the  material  is  used  to  prick  a  healthy  rat  and 
this  animal  becomes  infected  and  dies  of  the  plague.  Infected  rats 
are  kept  in  one  side  of  a  cage,  uninfected  ones  in  the  other  side.  So 
long  as  the  two  are  separated  by  a  flea-proof  partition  the  infection 
is  not  transmitted.  Even  when  the  partition  is  made  of  tangle-foot 
which  catches  the  flea  when  it  tries  to  pass  to  the  other  side,  the  sound 
rat  remains  sound.  When  such  a  partition  is  removed,  the  sound  rat 
liecomes  infected.     Rat-fleas  are  captured  and  fed  on  cultures  of  the 
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plague  bacillus  aucl  tlien  freed  in  a  cage  occupied  by  healthy  rats  Avliicli 
soon  become  infected.  Infected  rats  are  stripped  of  all  their  fleas  and 
then  placed  in  cages  with  healthy  ones,  which  remain  uninfected.  In- 
fected rats  carrying  their  fleas  are  caged  with  guinea  pigs,  and  the 
latter  become  infected. 

These  Avith  many  variations  on  the  experiment  have  been  made, 
and  show  conclusively  that  the  plague  is  transferred  from  rat  to  rat 
or  from  rat  to  guinea  pig  by  the  bite  of  the  rat-flea.  This  question 
is  satisfactorily  answered. 

How  is  the  plague  transferred  from  rat  to  man?  Evidently  experi- 
ment along  this  line  might  be  open  to  serious  criticism  and  we  must 
depend  on  observation,  which  is  never  so  thoroughly  convincing  as  ex- 
periment. Will  the  rat-flea  bite  man,  and  if  it  does  will  such  a  flea 
bearing  the  plague  bacillus  infect  man?  While  we  eannot  use  man  in 
this  experiment,  we  may  employ  his  nearest  relative,  the  ape.  The  rat- 
flea  does  bite  the  ape,  and  if  the  flea  is  infected  with  the  plague  bacillus 
its  bite  induces  this  disease  in  the  ape.  It  is  the  testimony  of  several 
observers  that  uninfected  rat-fleas,  while  preferring  their  own  host, 
will  in  its  absence  feed  on  man. 

Listen  reports  that  in  a  certain  house  in  India  on  April  6,  1904,  many 
rats  were  found  dead ;  on  April  11,  the  house  was  so  infested  with  fleas 
that  the  occupants  sought  sleep  on  the  veranda.  On  April  17,  two  of 
these  people  were  stricken  with  the  plague.  On  April  20,  30  fleas  were 
captured  in  this  house  and  of  these,  14  were  rat-fleas,  while  of  246  fleas 
captured  in  uninfected  houses,  not  one  was  a  rat-flea.  Tidswell,  of 
Sydney,  states  that  on  a  wharf  where  manj^  rats  were  dead  he  was 
violently  attacked  by  fleas. 

It  has  happened  that  in  some  localities  rats  die  of  the  plague,  while 
there  is  no  infection  among  men.  This  is  explained  by  the  absence  of 
the  flea,  which,  while  widely  distributed,  is  not  found  on  all  rats  at  all 
times.  However,  there  is  another  factor  which  needs  consideration. 
In  the  transmission  of  the  plague  from  rats  to  man  by  the  flea  there 
is  a  time  of  variable  length  during  which  the  flea  is  on  neither  rat  nor 
man.  The  duration  and  conditions  of  this  interval  are  widely  variable 
and  not  equally  favorable  to  the  transmission  of  the  disease.  In  a  hot, 
dry  climate  rat-fleas  soon  die  when  detached  from  their  hosts.  Local 
conditions  may  play  an  important  role  in  the  transfer  of  the  infected 
flea  from  rat  to  man. 

An  English  Commission,  studying  the  plague  in  India,  summarizes 
as  follows: 

' '  The  association  of  unusual  humidity  during  the  winter  months  in  certain  districts 
with  severe  epidemics  of  plague  is  so  constant  a  phenomenon  that  we  feel  justified  in 
concluding  that  one  stands  to  the  other  as  cause  to   effect.     We  have  further  good 


784  EPIDEMIOLOGY 

grounds  for  believing  tliat  this  cause  exercises  its  effect  mainly  througli  its  influence 
on  the  length  of  the  life  of  rat-fleas  when  sej)arated  from  their  host,  for  the  longer 
a  rat-flea  is  able  to  survive  in  such  circumstances  the  greater  are  its  opportunities,  in 
an  infected  area,  for  conveying  the  plague  bacillus  either  to  rats  or  human  beings." 

Brooks,  in  a  report  on  saturation  deficiency  and  temperature  on  the 
course  of  epidemic  plague,  concludes  that  plague  does  not  maintain 
itself  in  epidemic  form  when  the  temperature  rises  above  80°  F.  ac- 
companied by  a  saturation  deficiency  of  over  .30  of  an  inch.  Also  that 
in  the  presence  of  a  high  saturation  deficiency,  even  when  the  tempera- 
ture has  been  considerably  below  80°  ¥.,  plague  epidemics  cease. 

Anti-Plagne  Measures. — Nothing  is  better  illustrative  of  the  value, 
and  we  might  say  of  the  necessity,  of  preventive  medicine  in  the  eradica- 
tion of  disease  than  the  history  of  the  anti-plague  measures  which  have 
been  and  are  now  in  operation  over  the  whole  Avorld.  During  the  past 
five  years  rodent  plague  has  been  more  widely  distributed  than  ever 
before.  In  our  own  country  human  plague  has  appeared  in  our  con- 
tinental territory  at  Seattle,  in  California  and  at  New  Orleans,  and  in 
our  island  possessions  in  Porto  Rico,  Hawaii  and  the  Philippines.  Dur- 
ing the  same  time  human  plague  has  appeared  in  Greece,  Italy,  Portugal, 
England,  British  East  Africa,  Senegal,  Island  of  Mauritius,  along  the 
Pacific  Coast  of  South  America — especially  in  Peru  and  Ecuador,  in 
Japan  and  China.  During  the  same  time  it  has  been  endemic  in  India 
and  in  Indo-China.  During  a  few  months  in  1914  there  were  8,794  cases, 
with  7,728  deaths,  in  the  Dutch  East  Indies.  It  is  safe  to  say  that  at 
the  present  time  (1922)  rodent  plague  exists  in  most  all  of  these  coun- 
tries ;  and  wherever  this  form  of  the  disease  does  exist  transmission  to 
human  beings  is  a  possibility.  In  1900  the  disease  was  introduced  into 
San  Francisco.  At  first  the  local  authorities  attempted  for  commercial 
reasons  to  deny  its  existence.  Fortunately,  the  U.  S.  Public  Health  Service 
officer  stationed  at  San  Francisco  at  that  time,  the  late  J.  J.  Kinyoun, 
could  not  be  induced  to  pervert  the  truth.  He  claimed  that  the  plague 
did  exist  in  San  Francisco,  and  .this  claim  was  substantiated  by  a  com- 
mission of  experts  appointed  by  the  Surgeon  General  of  the  U.  S.  Public 
Health  Service  to  investigate  the  matter.  Had  not  effective  measures  been 
promptly  resorted  to,  it  is  more  than  probable  that  the  entire  United  States 
would  have  been  devastated  by  this  disease  as  Europe  was  in  the  four- 
teenth century.  With  the  knowledge  that  the  rat  is  the  principal  dis- 
tributor of  this  disease,  prompt  measures  were  put  in  operation.  More 
than  1,000,000  rats  were  caught,  studied,  and  destroyed  in  the  City  of 
San  Francisco  alone;  however,  the  delay  had  allowed  the  disease  to 
spread  among  the  ground-squirrels  in  California.  From  July  1,  1913, 
to  November,  1914,  over  20,000,000  of  these  pests  were  destroyed.  The 
total  number  of  human  lives  sacrificed  in  the  State  of  California  as  a 
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result  of  this  infection  is  less  tlian  200.  New  Orleans  has  been  fre- 
quentl}^  threatened  with  this  disease,  and  as  late  as  October,  1919, 
a  few  eases  of  human  plague  were  found  in  that  city.  As  has  been 
already  stated,  the  rat  is  not  the  only  rodent  which  carries  parasites 
that  may  act  as  distributors  of  the  plague  bacillus.  The  rat,  however, 
in  this  country  at  least,  is  the  most  dangerous  animal  because  it  comes 
into  closer  contact  with  man. 

According  to  Creel,  who  wrote  in  1913,  the  number  of  rats  in  the 
United  States  far  exceeds  that  of  the  human  population.  The  same 
authority  estimated  that  at  that  time  the  cost  of  supporting  rats  in 
this  country  amounted  to  $167,000,000  annually.  It  should  be  remarked 
that  this  is  a  pre-war  estimate.  The  amount  we  are  now  paying  for 
the  food  of  these  undesirable  guests  must  be  multiplied  several  times. 
The  rat  is  wonderfully  prolific.  An  ordinary  female  produces  young 
six  times  yearly  and  supplies  from  six  to  twelve  in  each  litter.  A  full- 
grown  female  has  been  known  to  make  a  contribution  twelve  times  in 
one  year.  The  rat  is  a  precocious  animal  and  begins  to  multiply  her 
kind  when  only  three  months  old.  This  pest  goes  about  like  a  thief 
in  the  night  and  its  depredations  are  not  always  attributed  to  the 
proper  source.  The  rat  must  be  exterminated.  The  slogan  "no  rats, 
no  plague"  is  practically  true;  in  this  country  at  least.  There  are  many 
ways  employed  in  the  eradication  of  the  rat,  the  majority  of  which 
should  be  regarded  as  only  of  temporary  value.  Among  these  should 
be  placed  trapping  and  poisoning.  Experience  has  shown  that  the  snap 
trap  is  more  valuable  than  the  cage  trap.  To  give  some  idea  of  the 
extent  to  Avhich  traps  may  be  used  it  might  be  said  that  in  the  eradica- 
tion of  the  plague  in  Porto  Rico  9,000  traps  were  used,  and  in  the 
capture  of  rats  on  ships  140  traps  are  needed  on  the  average  for  each 
vessel.  Experts  are  needed  to  trap  rats.  Rats  are  not  altogether 
devoid  of  brain-cells  and  these  they  evidenth^  use.  It  is  difficult  to 
induce  a  rat  to  entei^  a  trap  so  long  as  there  is  abundance  of  food  out- 
side the  trap.  In  a  general  way,  cheese,  toast,  and  bacon  apparently 
are  especially  tempting  to  this  rodent,  but  it  is  a  foolish  rat  that  will 
enter  a  trap  so  long  as  he  finds  lying  about  an  abundance  of  palata- 
ble food.  Taste  in  the  rat  is  apparently  a  matter  of  habit  and  educa- 
tion the  same  as  it  is  in  man.  That  food  upon  which  he  has  been  in  the 
habit  of  feeding  is  the  one  most  likely  to  attract  him.  Trapping  of 
rats  is  essential  in  order  to  secure  them  for  examination,  but  at  best 
it  is  an  emergency  method  of  deratting  a  locality. 

The  use  of  poison  is  not  so  satisfactory .  as  trapping;  however,  it 
may  be  used  as  an  adjunct.  The  dead  rats  cannot  always  be  found  and 
there  is  no  way  of  measuring  this  method  of  extermination.  The  prin- 
cipal poisons  used  are  phosphorus  and  arsenic.     The  former  is  mixed 
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with  glucose  to  pvevent  spontaneous  combustion  and  then  worked  into 
a  pasty  mass  with  lard  or  some  other  grease  and  spread  upon  bread. 
It  is  said  that  rats  will  not  eat  food  which  has  been  handled  by  man, 
and  therefore,  people  who  cut  the  bread  should  before  doing  so  smear 
their  hands  with  oil  of  aniseed. 

According  to  Kitano,  poisons  have  been  used  in  Japan  in  the  exter- 
mination of  rats  from  very  ancient  times,  and  this  author  concludes  that 
this  is  the  most  effective  method  employed  in  the  extinction  of  these 
pests.  He  gives  the  folloAving  method  for  the  preparation  of  his  phos- 
phorus poison : 

"Place  the  given  quantity  of  phosphorus  in  a  double  pan  containing  sesame  oil, 
and,  keeping  it  at  44°  0.  stir  the  contents  well  until  all  the  phosphorus  melts.  Then 
stir  in  flour,  being  careful  to  keep  up  the  temperature.  If  the  compound  gets  too 
thick  add  more  oil.  Keep  stirring,  being  careful  to  avoid  lumps  forming,  until  it  is  of 
a  fit  consistency  to  spread  on  bread.  Take  a  piece  of  bread  weighing  750  grams  and 
cut  into  400  pieces.  These  biscuits  are  placed  in  an  earthenware  vessel  and  the  phos- 
phorus compound  poured  in.  The  whole  is  then  stirred  so  that  the  poison  adheres 
evenly  to  every  piece  of  bread.  It  is  then  transferred  to  a  wooden  vessel  containing 
flour  with  which  it  is  covered. ' ' 

In  its  importation  from  one  country  to  another  the  plague  is  for  the 
most  part  a  ship-borne  disease.  Of  course,  rats  may  hide  in  freight 
boxes  or  in  bundles  and  be  transported  by  rail  or  by  more  primitive 
methods,  but  this  method  of  importation  is  of  small  importance  com- 
pared with  that  by  sea.  At  present,  ships  from  plague-infested  coun- 
tries are  deratted  by  sulphur  dioxid  or  cyanid  gas.  Creel,  as  a  result 
of  experiments  made  at  New  Orleans  on  more  than  200  vessels,  concludes 
that  the  last  mentioned  gas  is  the  more  efficient.  However,  the  danger 
of  human  poisoning  is  increased  and  as  a  rule  sulphur  is  used.  When  a 
ship  from  a  plague-infested  country  reaches  a  port,  the  health  officer 
instructs  the  captain  where  he  is  to  bring  his  vessel  to  rest.  The  haw- 
sers holding  the  ship  in  position  are  fitted  with  rat  guards.  It  is  true 
that  rats  may  reach  shore  by  swimming  when  the  distance  is  not  greater 
than  half  a  mile,  but  whether  a  rat  would  voluntarily  leave  a  ship  and 
take  to  the  water  with  the  purpose  of  reaching  land  is  a  question.  An 
English  author  states  that  he  actually  saw  rats  leaving  vessels  and 
swimming  ashore  in  the  waters  of  Bombay  harbor.  An  expert  goes 
aboard  the  ship  furnished  with  a  blue  print  of  its  structure.  In  the 
absence  of  these  he  must  measure  every  compartment  of  the  ship.  Pots 
of  sulphur  are  brought  aboard  and  burned  in  the  proportion  of  three 
pounds  of  sulphnr  to  every  1,000  cubic  feet  of  space.  The  efficiency  of 
this  method  depends  largely  upon  the  construction  of  the  ship  and  the 
nature  and  placement  of  its  cargo.  With  old  wooden  ships  it  is  almost 
impossible  to  reach  the  deep  recesses  of  the  hiding  places  with  the  gas 
in  sufficient  concentration  to  kill  the  rats.    It  is  necessary  not  only  that 


THE   PLAGUE  787 

the  ship  should  fail  to  make  .contact  witii  the  dock,  but  with  othei*  ships 
as  well.  Eats  have  been  known  to  transfer  their  passage  from  one  ship 
to  another  and  to  proceed  from  an  uninfected  port  to  a  distant  one. 

The  examination  of  rats  in  order  to  ascertain  whether  they  are  in- 
fected with  plague  is  not  either  an  easy  or  a  pleasant  task.  It  may  be 
interesting  to  state  that  from  Jul}^  1  to  November  1,  1914,  104,227  rats 
were  examined  at  New  Orleans.  Of  these  191  were  found  infected.  The 
rats  caught  in  the  traps  are  brought  to  the  laboratory,  usually  in  bags. 
The  rat  is  dipped  in  some  solution  which  kills  both  the  host  and  its 
guests,  usually  gasoline.  The  dead  rats  are  combed  for  fleas  and  the 
number  found  on  each  animal  noted.  The  rat  is  then  fastened  to  a 
board  and  opened  from  chin  to  pubis.  Whether  the  rat  has  plague  or 
not  may  be  determined  by  either  macroscopic  or  microscopic  methods. 
In  1906,  an  English  Plague  Commission  in  India  decided  that  a  micro- 
scopic examination  is  not  necessarj^.  Subcutaneous  injection,  pleural 
effusion,  bubo  and  granular  liver— any  two  of  these  conditions  justify 
the  diagnosis  of  plague  infection.     The  Commission  reports: 

' '  The  results  of  tests  carried  out  for  the  purpose  of  comj)arison  make  it  manifest 
that  the  naked  eye  is  markedly  superior  to  the  microscopic  method  as  an  aid  in  diag- 
nosis. ' ' 

Most  experts  agree  in  this  finding.  However,  Williams  points  out 
that  in  the  examination  at  New  Orleans  35  per  cent  of  the  infections 
would  have  escaped  detection  had  not  the  microscopic  examination  of 
smears  been  resorted  to.  In  all  cases  of  doubt,  whether  the  examination 
has  been  macroscopic  or  microscopic,  guinea  pigs  are  inoculated.  Most 
experts  agree,  Williams  among  them,  that  if  either  method  is  to  be  used 
singly  the  macroscopic  is  superior. 

The  only  method  of  permanently  eradicating  the  rat  is  to  starve  him 
and  this  means  rat-proof  construction  for  all  buildings,  including  docks, 
warehouses,  business  houses,  and  residences.  Letton  in  1915  estimated 
that  the  cost  of  rat.  proofing  of  the  more  than  four  miles  of  docks  at 
New  Orleans  would  cost  a  little  more  than  $800,000.  No  doubt  this 
seems  like  a  large  sum,  but  when  we  take  into  consideration  the  fact 
that  the  yearly  cost  of  protecting  New  Orleans  against  the  plague, 
principally  devoted  to  the  destruction  of  rats,  is  not  less  than  half  this 
sum,  we  can  easily  understand  that  the  investment  would  be  a  good  one. 
Apart  from  the  eradication  of  the  plague,  the  universal  adoption  of  rat- 
proof  buildings  would  save  enough  grain  and  food  of  various  kinds  to 
abundantly  justify  the  increased  primary  cost.  Fortunately,  the  use  of 
cement  in  construction  promises  ultimately  to  eradicate  the  rat.  Even 
rat  proofing  of  buildings  already  constructed  is  an.  important  factor 
in  the  eradication  of  the  plague  in  communities  into  which  the  disease 
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lias  already  been  iiitroclueed,  as  was  shown  Ly  tlie  work  done  at  San 
Juan,  Porto  Rico.  Surely  man's  superior  intelligence  should  enable 
him  to  get  rid  for  all  time  of  this  undesirable  guest. 

Measures  for  Personal  Protection. — For  many  years  Haffkine's  vac- 
cine has  been  used  in  India,  This  consists  of  sterile  broth  cultures  of 
B.  pestis.     The  results  are  reported  as  favorable. 

German  vaccine  is  made  by  the  sterilization  at  65°  C.  of  forty-eight 
hour  agar  cultures. 

Yersin  has  prepared  a  serum  by  the  immunization  of  horses  with 
plague  cultures.  The  sera  are  standardized  by  their  protective  power 
as  measured  in  white  rats.  This  is  used  in  the  treatment  of  the  disease. 
There  have  been  three  cases  of  laboratory  infection  with  B.  pestis;  two 
in  Vienna  and  one  in  Ann  Arbor.  The  two  former  died  without  treatment 
and  the  latter  recovered  after  receiving  large  intravenous  injections  of 
Yersin 's  serum. 

In  working  with  the  pneumonic  plague,  the  American  commission 
which  dealt  with  this  disease  in  Manchuria,  found  it  necessary  to  wear 
masks.  These  consisted  of  heavy  canton  flannel  covering  the  entire 
head  and  provided  with  a  window  of  sheet  celloidin  over  the  face. 

While  vaccination  against  this  disease  is  undoubtedly  of  some  protec- 
tive value,  it  must  never  be  allowed  to  suioplant  antirat  methods.  It  is 
also  true  that  the  use  of  the  specific  serum  is  of  value  in  the  treatment  of 
the  disease,  but  its  worth  has  not  been  demonstrated  in  any  epidemics. 

Recent  Outbreaks  of  Human  Plague. — Since  the  World  War,  plague 
has  appeared  in  many  widely  separated  localities.  We  have  already 
referred  to  the  great  epidemic  in  Manchuria  in  1910-1911  when  more 
than  60,000  deaths  occurred.  Immediately  following  that  outbreak  the 
Chinese  Government  took  official  steps  to  prevent  a  recurrence  of  the 
disease  within  its  dominion.  These  measures  seem  to  have  been,  on  the 
whole,  successful.  AVhile  scattered  cases  have  been  reported  now  and 
then  in  various  parts  of  Manchuria  and  northern  China,  there  was  no 
notable  epidemic  until  1918,  when  20,000  persons  died  from  this  disease 
in  Mongolia.  In  1920  plague  appeared  in  several  localities  in  northern 
and  northeastern  China.  The  local  authorities  were  able  apparently  to 
control  these  threatened  epidemics.  In  1921,  164  cases,  with  108  deaths, 
were  officially  reported  at  Tampico,  in  Mexico.  At  the  request  of  the 
Mexican  Government,  Michel,  of  the  IT.  S.  Public  Health  Service,  was 
called  to  the  aid  of  the  Mexican  authorities  and  the  disease  soon  stamped 
out.  During  the  summer  and  fall  of  1920,  18  cases,  with  12  deaths, 
were  reported  from  Galveston,  the  last  occurring  November  13.  Nearly 
65,000  rats  were  captured  in  the  campaign  against  this  epidemic,  67  of 
which  were  found  to  be  carriers  of  the  bacillus.  In  1921,  66  cases  were 
reported  in  Paris,  a  few  of  which,  however,  proved  not  to  be  plague. 
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It  was  the  belief  of  the  physicians  treating  these  cases  that  tlie  specific 
antiserum  was  of  marked  value.  Scattered  cases  have  occurred  in  many 
other  parts  of  the  world  and,  as  we  have  already  stated,  rodent  plague 
has  jjrobably  a  wider  distribution  during  the  last  three  or  four  years 
than  has  been  known  in  any  previous  period. 
Writing  recently  (1921)  Teh  says: 

"The  vast  empire  of  India  with  its  320,000,000  people  may  be  considered  perma- 
nently infected,  although  certain  administrative  areas  like  the  Punjab,  the  Presidency 
of  Bombay,  and  the  United  Provinces  of  Agra  and  Oudh  suffer  to  a  gieater  extent 
than  the  hilly  Province  of  Assam  where  during  the  last  six  years  only  one  case  has  been 
recorded.  During  the  last  18  years,  over  10,000,000  persons  have  died  of  the  pest  in 
India  alone.  In  other  parts  of  Asia  frequent  outbreaks  of  plague  have  occurred  during 
recent  years,  e.  g.,  Ceylon,  Straits  Settlements,  Dutch  East  Indies,  Siam,  Indo-China, 
Japan,  Hongkong,  the  Provinces  of  Kwangtung  and  Fukien  (particularly  at  the  ports 
of  Canton,  Swatow,  Amoy,  Foochow),  Manchuria  and  Siberia.  The  coal  mining  center 
of  Tongshan,  three  hours  by  rail  from  Tientsin,  was  infected  by  some  bubonic  cases 
from  Hongkong  in  1898  and  lost  1,000  lives  in  four  months.  The  port  of  Newchwang 
(Winkow)  in  South  Manchuria  was  invaded  in  1899  (probably  again  through  vessels 
from  the  south)  and  lost  in  five  months  2,000  people.  From  1901  to  1903  isolated  eases 
were  detected,  but  they  never  resulted  in  an  epidemic.  It  is  strange  that  the  great 
pulmonary  epidemics  of  1911  and  1921  did  not  touch  either  Tongshan  or  Winkow,  al- 
though both  lie  on  the  main  highway  of  railway  traffic." 

It  grows  more  and  more  evident  that  there  are  other  factors  in  the 
spread  of  plague  than  the  rat,  bacillus,  and  man.  Notwithstanding  the 
presence  of  all  three  of  these  factors,  some  countries  are  never  seriously 
invaded  by  a  plague  epidemic ;  in  other  words,  certain  localities  are 
plague  immune.  A  full  and  satisfactory  explanation  of  this  phenomenon 
has  not  been  developed.  Studies  in  India  suggest  that  epidemic  plague 
prevails  only  in  countries  in  which  the  common  condition  is  one  of 
marked  humidity  in  atmosphere.  We  suppose  that  temperature,  dryness 
of  atmosphere,  and  a  possible  intensity  of  sunlight  are  not  favorable  to 
the  flea  during  the  time  which  elapses  between  leaving  his  rat  and  find- 
ing his  human  host. 

According  to  Harrison,  of  the  Public  Health  Service,  there  were  dur- 
ing 1907-1908  a  total  of  159  human  cases  in  San  Francisco,  with  77 
deaths.  Since  October,  1908,  no  plague  infected  rodent  has  been  found  in 
this  city,  with  the  single  exception  of  one  ground-squirrel  shot  in  the  Glen 
Park  District  in  1917.  The  outbreak  in  Oakland  simultaneous  with  that 
in  San  Francisco  (1907-1908)  involved  only  12  human  cases,  with  7 
deaths.  Since  October,  1908,  no  plague  infected  rodent  has  been  found  in 
Oakland,  but  in  1919  and  1920  several  infected  squirrels  were  shot  in 
the  hills  east  of  the  city  within  the  corporate  limits. 

"Following  the  disappearance  of  j)lague  in  man  in- the  east  bay  cities  in  1908  trap- 
ping operations  were  continued  until  Axjril,  1914,  since  which  date  no  operations  have 
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been  carried  on  with  the  exception  of  a  short  period  of  trapping  following  the  explo- 
sive outbreak  of  August  and  September,  1919.  This  outbreak  holds  considerable  in- 
terest in  that  it  represents  the  only  epidemic  of  pneumonic  plague  reported  from  the 
Western  Hemisphere.  The  first  case  was  unquestionably  infected  from  a  plague  squir- 
rel which  was  probably  shot  for  food,  the  symptoms  first  indicating  the  bubonic  type, 
pneumonia  develo]3ing  after  incision  of  the  bubo.  After  the  development  of  pneumonia 
the  infection  was  transmitted  by  direct  contact  to  12  additional  cases,  all  of  which 
terminated  fatally.  The  abrupt  subsidence  of  the  infection  was,  no  doubt,  due  to  the 
hospitalization  and  isolation  of  cases  together  with  the  climatic  conditions  prevailing 
in  August  and  September,  which  it  is  well  known  are  not  conducive  to  the  spread  of 
respiratory  infections.  At  this  time  approximately  6,000  rats  were  trapped,  none  show- 
ing evidence  of  plague  infection.  It  has  not  been  possible  to  induce  these  cities  to  take 
the  necessary  measures  to  build  out  the  rat,  or  provide  for  the  continuous  employment 
of  a  force  of  trappers  in  order  that  a  check  might  be  kept  on  the  possibility  of  a 
recrudescence  of  the  disease.  In  view  of  the  close  proximity  of  plague  infected  ground 
squirrels  to  the  thickly  inhabited  east  bay  region,  it  is  exceedingly  unfortunate  that 
more  interest  in  the  situation  cannot  be  secured. ' ' 

Harrison  concludes  his  paper  with  the  statement  that  an  epidemic 
focus  of  plague  infection  now  (1921)  exists  in  California  in  the  coastal 
range  extending  from  the  bay  region  southward  approximately  200  miles. 
So  long  as  this  focus  remains  it  is  to  be  expected  that  an  occasional 
case  of  human  plague  will  develop  in  it. 

McCoy  states: 

"Pneumonic  plague  in  man,  rarely  occurs  from  rat  infections,  and  it  is  an  interest- 
ing and  possibly  significant  fact  that  in  plague  squirrels  there  is  a  very  definite  ten- 
dency to  pulmonary  localization,  a  condition  which  never  occurs  in  plague  in  rats." 
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CHAPTER  XXXIII 

TYPHUS  FEVER 

Spotted  Typhus;  Jail  Fever;  Ship  Fever;  Crowd  Fever 

Description. — This  is  an  acute  self-limited  febrile  disease,  the  virus 
of  which  has  not  as  yet  been  positively  identified.  It  terminates,  as  a 
rule,  in  recovery  or  death  by  the  end  of  the  second  or  third  week.  The 
fever  is  accompanied  by  a  macular  eruption,  which  usually  develops  about 
the  seventh  day  and  is  most  abundant  over  the  trunk. 

History. — Some  medical  historians  are  satisfied  that  they  find  evi- 
dence of  the  existence  of  typhus  fever  among  the  ancient  Hebrews  and 
their  contemporaries,  but  this  is  a  matter  of  conjecture.  "While  this  dis- 
ease has  long  been  knowii  as  morbus  pauperum  associated  with  want  and 
hunger,  we  must  not  infer  that  it  is  the  only  fever  which  develops  and 
thrives  among  the  needy  and  in  times  of  scarcity  of  food  and  other  pri- 
vations. Poverty,  hunger,  and  overcrowding  favor  the  development  and 
distribution  of  many  infections.  In  his  book  on  epidemics,  Hippocrates 
describes  cases  which  are  certainly  suggestive  of  typhus  fever.  The  fol- 
lowing is  the  report  of  a  case  believed  to  have  been  typhus,  as  made  by 
Hippocrates  and  as  translated  by  Adams : 

"In  Tliasus  the  wife  of  Dealces,  who  was  lodged  on  the  plain,  from  sorrow  was 
seized  with  an  acute  fever,  attended  with  chills.  From  first  to  last  she  wrapped  her- 
self up  in  her  bedclothes;  still  silent,  she  fumbled,  picked,  bored,  and  gathered  hairs 
(from  the  covers);  tears  and  again  laughter;  no  sleep;  bowels  irritable,  but  passed 
nothing.  When  directed,  drank  a  little;  urine  thin  and  scanty;  to  the  touch  of  the 
hand  fever  was  slight;  coldness  of  extremities.  On  the  ninth  (day)  talked  much  inco- 
herently, and  again  became  composed  and  silent.  On  the  fourteenth  breathing  rare, 
large  at  inteiTals;  and  again  hurried  respiration.  On  the  sixteenth  looseness  of  bowels 
from  a  stimulating  clyster ;  afterwards  she  passed  her  drink  nor  could  retain  anything, 
for  she  was  completely  insensible;  skin  parched  and  tense.  On  the  twentieth  much 
talk  and  again  became  composed;  loss  of  speech;  respiration  hurried.  On  the  twenty- 
first  she  died.  Her  respiration  throughout  was  rare  and  large.  She  was  totally  insen- 
sible; always  wrapped  up  in  her  bedclothes,  either  much  talk  or  complete  silence 
throughout.     Phrenitis. ' ' 

The  great  pestilence  which  devastated  Athens  and  whiclt  was  so  well 
described  by  Thucydides,  was  either  typhus  or  tlic  pneumonic  form  of  the 
plague.  Medical  historians  differ  on  this  jjoint.  Livy  and  Tacitus  de- 
scribe many  epidemics  in  the  classical  peiiod  of  Rome.  Some  of  these 
were  undoubtedly  epidemics  of  the  plague,  while  descriptions  of  others 
suggest  typhus.     During  the  dark  ages  medical  science  was  so  overshad- 
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owed  by  credulity  and  superstition  that  the  records  of  that  time  are  of 
but  little  value.  In  the  siege  of  Granada  in  1489,  no  less  than  17,000  of 
Ferdinand's  soldiers  died  of  fever,  which  was  designated  as  "tabardillo" 
on  account  of  the  spots  appearing  on  the  skin.  This  term  still  remains 
one  of  the  Spanish  names  for  typhus  fever.  In  the  sixteenth  century  two 
Italian  physicians,  Fracastorus  of  Verona  and  Cardanus  of  Pavia,  de- 
scribed typhus  fever  so  plainly  that  there  can  be  no  doubt  about  the  dis- 
ease which  then  prevailed.  In  four  years  (1550-1554)  it  is  said  that  more 
than  1,000,000  people  in  Tuscany  were  destroyed  by  typhus.  Fracastorus 
describes  the  disease  under  the  name  "febris  pestilens"  and  states  that 
it  was  vulgarly  knowm  as  ''lenticulae"  or  ''puncticulae."  He  states  that 
from  the  fourth  to  the  seventh  day  red  eruptions  appear  on  the  arms, 
chest,  and  back.  They  resemble  flea  bites,  only  are  somewhat  larger.  They 
also  resemble  lentils,  and  from  this  comes  the  popular  name.  The  most 
marked  symptoms  mentioned  are  great  prostration,  feeble  pulse,  injected 
conjunctivae,  and  low  muttering  delirium.  Some  are  somnolent,  while 
others  are  excited  and  wakeful ;  while  in  still  others  these  states  alternate. 
The  disease  lasts  from  seven  to  fourteen  days,  rarely  longer.  The  majority 
of  those  M'ho  were  bled  died  and  a  supporting  treatment  was  recommended 
as  the  best.  Cardanus  and  other  Italian  -physicians  state  that  many  of 
the  practitioners  of  the  time  mistook  this  disease  for  measles,  and  Massa, 
of  Venice,  wrote  on  the  distinctions  between  the  eruptions  of  this  disease 
and  those  of  measles  and  smallpox.  About  the  middle  of  the  sixteenth 
century  typhus  was  wddely  prevalent  in  France,  and  Coyttarus,  of  Poitiers, 
wrote  a  monograph  on  it  under  the  title  ''De  Febribus  Purparatis,"  and 
somewhat  later,  Ambrose  Pare,  the  distinguished  surgeon,  wa^ote  of  "febris 
pestilens,"  which  was  marked  by  eruptions  resembling  the  bites  of  fleas 
or  bedbugs. 

Under  the  name  ''Morbus  Hungaricus"  typhus  appeared  in  the  Army 
of  Maximilian  II  in  Hungary  in  1566,  and  soon  spread  over  the  greater 
part  of  Europe.  Sennertus  and  others  have  left  valuable  descriptions  of 
this  epidemic.  The  skin  was  marked  by  flea-bite  eruptions.  Headache 
was  intense  and  generally  followed  by  delirium.  In  some,  the  tongue  be- 
came swollen  and  black.  Parotid  abscesses  developed  and  gangrene  of  the 
limbs  occurred. 

Under  the  title  ''Febris  Maligna  Puncticularis  Sen  Peticularis, "  Castro, 
of  Verona  (1580),  described  the  symptoms.  He  reported  the  pulse  slow 
and  weak;  the  tongue  dry  and  black;  the  face  and  eyes  greatly  congested; 
delirium,  followed  by  stupor  deepening  into  coma;  parotid  abscesses  in 
some ;  the  eruption  appearing  about  the  seventh  day  and  the  disease  con- 
tinuing from  14  to  20  days.  Castro  says  that  this  disease  was  known  to 
the  French  as  ''la  pourpre,"  to  the  Italians  as  "petecchie,"  to  the  Span- 
iards as  "tabardillo,"  and  to  the  Germans  as  "fleckfieber." 
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During  the  sixteenth  century  typhus  fever  was  so  prevalent  in  the  jails 
of  England  that  it  v^as  known  as  jail  fever,  and  it  spread  among  court 
officers  when  prisoners  were  brought  before  them  for  trial.  This  hap- 
pened repeatedly  and  gave  to  court  sessions  the  designation  of  "black 
assizes."  The  first  of  these  of  which  record  is  left  occurred  in  Cambridge 
in  the  thirteenth  .year  of  the  reign  of  Henry  VIII  (1522).  The  justices, 
bailiffs,  gentlemen,  and  other  persons  in  court  were  seized  with  a  fever 
which  proved  fatal  to  many.  The  most  notable  report  of  "black  assize" 
is  that  at  Oxford  in  the  twentieth  year  of  the  reign  of  Elizabeth  (1577). 
The  prisoner  was  Roland  Jenks,  a  bookbinder  and  a  Roman  Catholic,  who 
was  charged  with  treason  to  the  state  and  profanity  of  the  Protestant 
religion.  He  was  tried  and  sentenced  to  lose  his  ears.  The  trial  was  held 
at  Oxford  Castle,  July  4.  With  him  several  other  prisoners  were  brought 
into  court  during  the  course  of  the  trial.  The  chronicle  states  that  an 
"infectious  damp  of  breath"  spread  throughout  the  room.  "Above  600 
sickened  in  one  night;  and  the  day  after,  the  infectious  air,  being  carried 
into  the  next  village,  sickened  there  more  than  100  more."  By  the  twelfth 
of  August,  510  persons  had  perished.  "The  infection  arose  from  the  nasty 
and  pestilential  smell  of  the  prisoners  when  they  came  out  of  the  jail,  two 
or  three  of  whom  had  died  a  few  days  before  the  assize  began."  Among 
those  who  contracted  the  disease  there  was  marked  loss  of  appetite,  head- 
ache, sleeplessness,  loss  of  memory,  deafness  and  delirium,  so  that  the 
victims  behaved  like  mad  men.  The  Catholics  saw  in  this  the  scourge  of 
God  for  the  unjust  punishment  of  Roland  Jenks,  and  the  Protestants  at- 
tributed it  to  the  ' '  diabolical  machinations ' '  of  the  Papists. 

During  the  Thirty  Years  War  (1619-1618)  the  greater  part  of  central 
Europe  was  desolated  by  war  accompanied  by  famine  and  pestilence.  That 
typhus  fever  predominated  in  these  epidemics  is  plainly  shown  by  both 
medical,  and  lay  writers,  and  the  ravages  of  this  disease  were  portrayed 
in  both  prose  and  poetry. 

In  1658,  Morton  states  that  England  was  one  vast  hospital  filled  with 
victims  of  a  fever  with  "maculae  latae  et  ruMcundae  morMllis  sinviles  in 
toto  carpore."  The  great  plague  of  London  (1665)  was  preceded,  accom- 
panied, and  followed  by  typhus,  and  their  writings  show  that  some  of  the 
most  eminent  medical  men  of  the  time,  notably  Sydenham,  frequently  con- 
founded the  plague  and  typhus  in  the  reports  of  their  cases.  Under  the 
title  "Febris  Petechialis  Vera"  Hoffmann,  of  Halle  (1700),  gave  an  excel- 
lent account  of  typhus  and  pointed  out  its  distinction  from  the  plague, 
which  he  designated  "fehris  pestilens."  The  eighteenth  century  saw  no 
abatement  of  the  epidemics  of  typhus.  This  disease  had  long  afflicted  Ire- 
land under  the  name  of  "Irish  ague,"  but  it  was  not  until  1708  that  per- 
manent records  of  its  ravages  in  this  island  were  made.  From  that  time 
on  for  more  than  a  century  and  a  half,  Ireland  was  afflicted  by  one  epi- 
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demic  after  another  just  as  fast  as  new  generations  supj)lied  the  crops  of 
susceptible  material.  The  historian  has  no  difficulty  in  showing  that  each 
exacerbation  was  coincident  with  a  period  of  great  want  and  poverty,  but 
this  was  a  chronic  condition  of  the  Emerald  Isle.  During  this  period  the 
people  were  oppressed  by  their  rulers,  divided  among  themselves,  and  held 
in  the  grossest  ignorance  and  fed  on  superstition.  Most  of  those  who  had 
enough  energy  emigrated  to  foreign  lands,  thus  impoverishing  their  native 
country  of  its  best  blood  to  such  an  extent  that  it  has  not  yet  wholly 
recovered.  Indeed,  the  population  of  Ireland  today  is  less  than  half  of 
what  it  was  before  the  period  referred  to. 

An  account  of  one  epidemic  of  typhus  in  Ireland  is  much  like  all  others. 
Nothing  to  eat  but  potatoes;  and  the  adult  would  devour  ten  or  more 
pounds  of  these  tubers  each  day  in  the  vain  attempt  to  supply  his  body 
cells  with  the  minimum  amount  of  protein  demanded.  Driven  by  hunger 
to  sell  the  cow,  furniture,  and  even  his  clothing,  the  Irishman  and  his 
family  huddled  together  in  rags  and  filth,  while  vermin  fed  on  their 
bodies  and  simultaneously  inoculated  them  w- ith  typhus.    Murchison  says : 

"In  Dublin,  the  servants  of  the  u])per  classes  were  not  allowed  potatoes,  and  bread 
was  portioned  out  to  them  sparingly,  few  persons  had  more  than  a  quarten  loaf  in  the 
week.  The  poor  pawned  their  clothes,  and  even  their  bedding  for  money  to  purchase 
food,  and,  as  a  natural  consequence,  it  was  common  for  several  members  of  one  family 
to  sleep  in  the  same  bed." 

According  to  O'Connell,  80,000  Irish  died  in  1740-1741  of  famine  and 
spotted  fever,  and  about  one-fifth  the  population  of  Munster  perished. 
"Writing  of  the  nineteenth  century  epidemic  of  typhus  in  Ireland,  Murchi- 
son says : 

"Extreme  distress  ensued.  The  four  pound  loaf  was  sold  in  Dublin  in  1817  for  Is, 
9d;  and  the  poor  throughout  Ireland  are  described  as  wandering  about  the  country, 
gathering  nettles,  wild  mustard,  ajid  other  weeds  to  satisfy  the  cravings  of  hunger. 
*  *  *  The  probable  population  of  Ireland  at  this  time  was  in  round  numbers, 
6,000,000,  and  the  number  of  .sick  was  estimated  at  737,000,  or  about  one-eighth.  In 
Dublin  alone  there  were  about  70,000  ca^es,  making  about  one-third  the  inhabitants." 

Of  the  same  epidemic  Carleton  wrote : 

"People  collected  at  the  larger  dairy  farms  waiting  for  the  cattle  to  be  blooded, 
so  that  they  might  take  home  some  of  the  blood  to  eat  and  mix  with  a  little  oatmeal. 
The  want  of  fuel  caused  the  pot  to  be  set  aside,  windows  and  crevices  to  be  stopped, 
washing  of  clothes  and  persons  to  cease,  and  the  inmates  of  a  cabin  to  huddle  together 
for  warmth.  This  was  far  from  the  normal  state  of  the  cottages  or  even  of  the  cabins, 
but  cold  and  hunger  made  their  inmates  apathetic.  Admitted  later  to  the  hospitals  for 
fever,  they  were  found  bronzed  with  dirt,  their  hair  full  of  vermin,  and  their  ragged 
clothes  so  foul  and  rotten,  that  it  was  more  economical  to  destroy  them  and  replace 
them  than  to   clean  them." 

The  roads  were  filled  with  infected  vagrants  and  many  a  poor  cottier 
not  only  divided  what  he  had  in  alms,  but  by  giving  shelter  to  the  Avan- 
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clercr  introduced  the  infection  into  his  humble  home,  while  "the  dogs  of 
the  gentry  kept  all  beggars  from  their  gates. ' ' 

The  last  great  Irish  famine  (1845-1848)  was  due  to  the  prevalence  of 
relapsing  fever  and  scurvj'-,  as  well  as  typhus  fever.  This  scourge  was  fore- 
seen in  the  development  of  the  potato  blight  and  was  mitigated  somewhat 
by  the  repeal  of  the  corn  laws,  and  by  a  change  in  the  navigation  laws  per- 
mitting the  carrying  of  food  supplies  in  other  than  British  bottoms.  At 
that  time  Ireland  lived  almost  exclusively  on  milk  and  potatoes.  Although 
it  produced  more  than  enough  grain  to  feed  itself,  even  in  these  years  of 
the  potato  blight,  most  of  this  had  to  be  sent  to  England  to  pay  the  rents. 
Years  before,  both  Malthus  and  Cobbett  had  protested  against  a  people 
trying  to  live  so  exclusively  on  potatoes.     The  former  wrote  as  follows : 

"When  the  common  people  of  a  country  live  principally  on  the  dearest  grain  as 
they  do  in  England,  on  wheat,  they  leave  great  resources  in  scarcity;  and  barley,  oats, 
rye,  and  cheap  soup  and  potatoes  all  present  themselves  as  less  expensive,  yet  at  the 
same  time  wholesome  means  of  nurishment,  but  when  their  habitual  food  is  the  lowest 
in  the  scale,  they  ajjpear  wholly  without  resource  except  in  the  bark  of  trees  like  the 
poor  Swedes ;  and  a  great  portion  of  them  must  necessarily  be  starved. ' ' 

After  this  famine  the  Irish  ceased  to  rely  so  largely  on  the  potato. 
Emigration  to  this  country  and  Canada  greatly  increased,  and  "the  popu- 
lation has  steadily  declined  and  the  well-being  of  the  people  steadily 
improved. ' ' 

Before  dismissing  the  subject  of  Irish  epidemics  we  wish  to  add  a  quo- 
tation from  Creighton,  showing,  that  the  case  mortality  in  this  disease  is 
higher  among  the  robust  and  well  fed  than  among  the  weak  and  hungry: 

' '  There  appeared  to  be  a  scale  of  malignity  iu  the  fevers  in  an  inverted  order  of 
the  degree  of  misery.  The  most  wretched  had  the  mildest  fever,  the  artisan  class  or 
cottagers  had  typhus  fatal  in  the  usual  proportion,  the  classes  living  in  comfort  had 
typhus  of  a  very  fatal  kind.  This  experience,  however  strange  it  may  seem,  was  re- 
ported by  medical  observers  everywhere  with  remarkable  unanimity.  One  says  that 
six  or  seven  of  the  rich  died  in  every  ten,  others  say  one  in  three.  Forty-eight  medical 
men  died  in  1847  in  Munster,  mos't  of  them  from  fever;  in  Cavan  County  seven  medical 
men  died  from  fever  in  twelve  months  and  three  more  had  a  narrow  escape  of  death; 
two  of  the  three  physicians  sent  by  the  Board  of  Health  to  the  Coast  of  Gonnemara 
died  of  fever.  Many  Catholic  priests  died,  as  well  as  some  of  the  established  Church 
Clergy;  and  there  were  numerous  fatalities  of  the  resident  gentry  and  among  others 
who  administered  the  relief.  Yet  a  case  of  fever  in  a  good  home  did  not  become  a 
focus  of  contagion.  The  contagion  came  from  direct  contact  with  the  crowds  of  starv- 
ing poor,  their  clothes  ragged  and  filthy,  their  bodies  unwashed,  and  many  of  them 
suffering  from  dysentery.  The  greater  fatality  of  fever  among  the  richer  classes  (of 
course,  with  a  much  smaller  number  of  cases)  has  been  a  commonjilace  in  Ireland  and 
is  remaxked  by  the  best  writers." 

Creighton  in  his  valuable  "History  of  Epidemics  in  Britain"  has  shown 
many  interesting  facts  concerning  typhus  in  England  during  the  eight- 
eenth century.    "We  Avill  follow  his  facts  but  will  draw^  our  own  conclusions. 
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During  the  50  years  from  1715  to  1765  England  was  most  prosperous 
financially.  Moneyed  men  built  up  great  fortunes  and  the  necessaries  of 
life  were  abundant  and  cheap.  With  two  or  three  exceptions  harvests 
were  rich  and  grain  was  exported  in  great  quantities.  Historians  state 
that  under  the  first  two  Georges  there  was  general  prosperity.  Even 
Adam  Smith  speaks  of  the  "peculiarly  happy  circumstances  of  the  coun- 
try during  the  reign  of  George  II  (1726-1760)." 

Lecky  says : 

"All  the  evidence  we  possess  concurs  in  showing  that  during  the  first  three-quarters 
of  the  century  the  position  of  the  poor  agricultural  classes  in  England  was  singularly 
favorable.  The  price  of  wheat  was  both  low  and  steady.  Wages,  if  they  advanced 
slowly,  appeared  to  have  commanded  an  increased  proportion  of  the  necessaries  of 
life,  and  there  were  all  the  signs  of  growing  material  well-being.  It  was  noticed  that 
wheat  bread  and  that  made  of  the  finest  flour,  which  at  the  beginning  of  the  period 
had  been  confined  to  the  upper  and  middle  classes,  had  become  before  the  close  of  it, 
over  the  greater  part  of  England,  the  universal  food,  and  the  consumption  of  cheese 
and  butter  in  proportion  to  the  population  in  many  districts  almost  trebled.  Beef  and 
mutton  were  eaten  almost  daily  in  the  villages. ' ' 

Johnson  in  describing  the  general  prosperity  of  that  time  wrote : 

"There  every  bush  with  nature's  music  rings. 
There  every  breeze  bears  health  upon  its  wings." 

However,  there  were  even  at  that  time  some  who  saw  beneath  the  sur- 
face of  an  abundant  prodigality.  An  economist,  Rogers,  points  out  that 
prosperity  was  all  on  the  side  of  the  ruling  classes  and  the  capitalists, 
while  the  laborers  were  in  "irremediable  poverty  and  without  hope." 
Their  wages  were  artificially  fixed  by  the  quarter  sessions  and  they  were 
"kept  in  a  condition  wherein  existence  could  just  be  maintained." 

Creighton  writes : 

'  '■  But  the  eighteenth  century,  even  the  most  prosperous  part  of  it,  from  the  accession 
of  George  I  to  the  beginning  of  the  industrial  revolution  in  the  last  quarter  or  third 
of  it,  Avas  none  the  less  a  most  unwholesome  period  in  the  history  of  England.  The 
health  of  London  was  never  worse  than  in  those  years,  and  the  vital  statistics  of  some 
other  towns,  such  as  Norwich,  are  little  more  satisfactory. ' ' 

In  1782,  White  wrote  of  the  fever  in  London: 

'■ '  The  annual  deaths  under  the  old  regime  exceeded  by  a  good  deal  the  annual  births. 
In  the  seven  years,  1728-1735,  according  to  the  figures  in  the  parish  registers;  the 
burials  from  all  causes  were  3,488  and  the  baptisms  2,803,  an  annual  excess  of  98  deaths 
over  the  births  in  an  estimated  poijulation  of  10,800  (birth  rate  37  per  1,000;  death 
rate  46  per  1,000)." 

Creighton  says: 

"The  mean  annual  deaths  were  never  higher  in  London,  not  even  in  plague  times 
over  a  series  of  years,  the  fever  deaths  keeping  pace  with  the  mortality  from  all  causes, 
and,  in  the  great  epidemic  of  typhus  in  1741,  making  about  a  fourth  part  of  the  whole. 
The  populace  lived  in  a  bad  atmosphere,  physical  and  moral." 
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It  is  stated  that  the  consumption  of  alcohol  in  London  at  that  time 
amounted  to  six  gallons  per  head  per  annum.  A  duty  of  20  shillings  per 
gallon  did  not  prevent  the  poor  from  getting  it,  and  large  quantities  of 
gin  were  smuggled  in  from  Holland.  In  1726  the  College  of  Physicians 
presented  this  matter  to  the  House  of  Commons  with  the  following  state- 
ment : 

"We  have  with  concern  observed  for  some  years  j)ast  the  fatal  effects  of  the  fre- 
quent use  of  several  sorts  of  distiUed  spirituous  liquor  among  great  numbers  of  both 
sexes,  rendering  them  diseased,  not  fit  for  business,  poor,  a  burthen  to  themselves  and 
neighbors,  and  too  often  the  cause  of  weak,  feeble,  and  distempered  children,  who  must 
be,  instead  of  an  advantage  and  strength,  a  charge  to  their  country. ' ' 

The  poor  in  London  were  crowded  into  small  quarters.  In  1737  one 
house  was  found  to  contain  11  married  couples  and  15  single  persons.  A 
tax  was  levied  on  each  window  in  a  house  and  each  window  in  cellar,  stair- 
way, and  outhouse  was  counted  and  skylight  included.  "No  window  or 
light  shall  be  deemed  to  be  stopped  up  unless  such  window  or  light  shall 
be  stopped  up  effectually  with  stone  or  brick  or  plaster  on  lath." 

Debtors  were  thrown  into  prison,  where  some  remained  for  years,  and 
if  they  had  any  comforts  while  in  prison  they  had  to  pay  for  them.  Jail- 
ers grew  rich  out  of  the  necessities  of  their  wards.  Those  unable  to  pay 
were  crowded  into  unbelievably  small  quarters.  The  first  conunission  to 
inquire  into  these  abuses  reported: 

"George's  ward,  sixteen  feet  by  fourteen  and  about  eight  feet  high,  had  never  less 
than  32  in  it  all  last  year  and  sometimes  40;  there  was  no  room  for  all  to  lie  down, 
one-half  the  number  sleeping  over  the  others  in  hammocks.  They  were  locked  in  from 
9  P.  M.  to  5  A.  M.  in  summer,  longer  in  winter,  and  as  they  were  forced  to  ease  nature 
within  the  room,  the  stench  was  noisome  beyond  expression. ' ' 

It  is  a  matter  of  common  knowledge  that  the  work  of  prison  reform  in 
England  at  the  time  of  which  we  write  was  due  largely  to  the  efforts  of 
John  Howard,  whose  work  was  begun  in  1773. 

While  the  great  land  owners  accumulated  wealth,  the  poacher  who 
snared  a  rabbit  was  sent  to  jail  or  deported.  The  condition  of  the  poor 
was  hopeless  and  much  of  the  best  blood  of  England  flowed,  willingly  or 
unwillingly,  into  the  United  States,  Canada,  and  Australia.  However, 
typhus  often  pursued  the  poor  emigrant  in  his  flight  by  sea,  and  it  is 
said  that  one-third  the  immigrants  to  America  in  the  eighteenth  century 
died  during  or  soon  after  the  voyage.  It  is  well  known  that  the  fatality 
from  ship  fever  continued  through  the  early  part  of  the  nineteenth  cen- 
tury. During  the  Kevolutionary  War  (1774-1780)  the  number  of  British 
seamen  raised  was  175,990 ;  the  number  of  those  who  died  of  disease  was 
18,545,  and  the  number  of  killed  was  1,243. 

Turner   (Ireland  and  England  in  the  Past  and  at  Present,  1919)    de- 
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scribes  the  iliglit  bvm  Ireland,  stricken  as  it  was  l).y  famine  and  pesti- 
lence : 

"From  the  stricken  laud  Irisliineu  began  to  flee  in  a  mighty  exodus  which  drained 
the  island  of  its  people.  In  1841  the  population  had  been  8,175,124;  ten  years  later 
it  was  6,552,385.  In  the  decade  (1851-1860)  it  is  said  that  a  million  and  a  half 
Irishmen  emigrated,  fleeing  from  the  old  home  to  a  new  and  greater  Ireland,  going 
most  of  them  to  the  United  States  of  America.  Tliese  were  the  days  of  the  'coffin 
ships,'  and  of  great  prosperity  for  some  of  the  shipping  companies.  Facilities  were 
inadequate  for  the  vast  host  of  fugitives  who  crossed  the  Atlantic,  In  the  days  when 
negro  slaves  were  brought  from  Africa  to  Liverpool  or  Jamaica,  the  anti-slavery  soci- 
eties used  to  exhibit  a  broadside  showing  a  slaver,  like  a  great  floating  coffin,  with 
the  bodies  of  slaves  packed  between  decks  as  close  as  they  could  be  put,  there  to  stay 
in  heat  and  thirst,  in  sickness  and  foul  air,  for  all  the  long  weeks  while  the  passage 
Avas  maide.  With  the  worst  of  the  Irish  emigrant  ships  now  it  was  not  very  much 
better.  Once  Sir  Eobert  Peel  quoted  the  account  of  a  man  who  had  made  the  passage 
and  had  seen  hundreds  of  people,  men,  women  and  children,  huddled  together  indis- 
criminately, without  light,  with  insufficient  air,  wallomng  in  filth,  sick  in  body  and 
heart,  scarcely  able  to  move,  some  raving  in  madness,  some  in  the  throes  of  death, 
dying  without  consolation,  buried  in  the  deep  as  the  ship  passed  on.  And  those  who 
survived  and  found  in  America  the  opportunities  denied  them  in  Ireland,  who  toiled 
to  send  back  money  to  the  aged  and  stricken  not  able  to  come,  who  presently  rose  up 
to  power  and  prosperity  in  their  new  homes,  most  of  them  carried  through  their  lives  a 
hatred,  often  ignorant  and  unreasoning,  but  unquenchable  and  tierce,  not  able  to  see 
atonement  or  excuse,  not  able  to  forget  or  forgive,  until,  after  generations  had  passed, 
in  their  descendants  it  might  slowly  burn  itself  away." 

It  is  interesting  to  note  that  during  the  eighteenth  century  Englisli 
physicians  for  the  most  part  were  not  mucli  concerned  with  the  poor  and 
many  of  them  saw  but  little  typhus,  while  colleagues,  busy  among  the 
poor,  saw  much  of  it.  A  Dr.  'Moss,  writing  of  the  disease  ;iii  Liverpool, 
stated  that  typhus  was  rare,  while  at  the  same  time  and  in  the  same  city 
a  Dr.  Currie  was  seeing  more  than  3000  cases  a  year.  In  1790  Liverpool 
was  the  second  city  in  England,  with  a  population  of  56,000,  while  that 
of  London  was  estimated  at  800,000.  According  to  Currie,  7,000  of  the 
people  of  Liverpool  lived  in  cellars  and  9,000  more  in  back  houses  with 
small  courts  and  with  narrow  passages  into  the  streets.  In  ten  years 
(1787-1796)  31,243  cases  of  typhus  were  registered,  an  average  of  3,124 
per  year.  In  the  last  quarter  of  the  eighteenth  century  Chester  was. re- 
garded as  the  most  desirable  residence  city  in  the  kingdom.  Within  the 
walls,  it  had  a  population  of  about  3,500  and  from  1764  to  1773  the  death 
rate  was  only  17.2  per  1,000,  but  the  poor  lived  outside  the  walls  and 
Haygarth  describes  the  condition  as  follows: 

"The  houses  were  small,  close,  crowded  and  dirty,  ill  supplied  with  water,  un- 
drained,  and  built  on  ground  that  received  the  sewage  from  within  the  walls.  The 
people  were  ill-fed  and  they  seldom  changed  or  washed  their  clothes;  when  they  went 
abroad  they  were  noisome  and  offensive  to  the  smell.     *     "     *     In  these  poor  habita- 


TYPHUS   FEVER  799 

tioBS  when  one  person  was  seized  with  tlie  fever,  others  of  the  same  family  arc  gener- 
ally affected  with  the  same  fever  in  a  greater  or  lesser  degree." 

The  second  half  of  the  eighteenth  century  saw  the  great  manufacturing 
development  of  England  due  to  the  employment  of  machinery,  During 
this  time  the  poor  were  exploited  by  the  manufacturer.  The  houses  occu- 
pied by  the  operatives  are  said  by  Ferrier  to  have  been  dirty,  without 
ventilation,  and  with  the  beds  almost  touching.  "As  soon  as  one  poor 
creature  dies  or  is  driven  out  of  his  cell  he  is  replaced  by  another,  gener- 
ally from  the  country,  who  soon  finds  in  his  turn  the  consequence  of 
breathing  infected  air." 

Practically  the  only  voices  heard  in  behalf  of  the  poor  were  those  of 
medical  men,  and  in  Manchester,  Ferrier  pleaded  for  them  in  strong  lan- 
guage, from  which  the  following  quotation  is  made : 

"I  have  seen  patients  in  agonies  of  despair  on  finding  themselves  overwhelmed  with 
fQth  and  abandoned  by  every  one  who  eould  do  them  any  service.  *  *  *  The  situa- 
tion of  the  poor  at  present  is  extremely  dangerous,  and  often  destructive  to  the  middle 
and  higher  ranks  of  society.  •■'  *  *  The  poor  are  indeed  the  first  sufferers,  but  the 
mischief  does  not  always  rest  with  them.  By  secret  avenues  it  reaches  the  most  opu- 
lent and  severely  revenges  their  neglect  or  insensibility  to  the  wretchedness  surrounding 
them. ' ' 

It  was  the  fact  that  typhus  occasionally  found  its  way  into  the  midst 
of  the  rich,  and,  when  it  did,  killed  so  many  and  so  quickly  that  they 
wxre  compelled  to  recognize  that  the  misfortunes  of  the  poor  were  of  con- 
cern to  themselves.  Finally,  in  a  half-hearted  way,  urged  by  physicians, 
growling  about  the  wastefulness  and  improvidence  of  the  laboring  classes 
and  driven  by  the  occasional  deadly  outbreaks  in  their  ranks,  the  ruling 
classes  began  to  provide  special  hospitals  for  the  isolation  and  care  of 
cases  of  typhus.     The  London  Fever  Hospital  was  established  in  1802. 

The  epidemiologic  history  of  Britain  during  the  Napoleonic  wars  pre- 
sents many  points  of  interest.  Food  prices  were  high.  For  a  time  Ameri- 
can markets  were  closed  to  British  manufacturers.  Still,  the  period 
(1803-1816)  was  comparatively  free  from  typhus,  so  far  as  Britain  was 
concerned.  In  peace  the  poor  man's  business  is  to  serve  the  rich,  clothe 
himself  in  rags,  rear  his  family  in  a  sty  and  eat  nothing.  In  war  he 
becomes  a  hero,  the  defender  of  his  king  and  country.  He  is  well,  clothed, 
well  fed,  and  all  that  is  asked  of  him  is  that  he  die  for  his  country,  if  need 
be.  The  wife  and  children  at  home  must  be  cared  for  because  the  man  at 
the  front  must  be  contented  and  more  soldiers  will  be  needed. 

Immediately  after  the  declaration  of  peace  (1816)  typhus  began  to  in- 
crease and  within  another  year  it  took  on  epidemic  proportions.  The 
condition  of  the  London  slums  of  that  time  is  shown  by  a  Parliament  re- 
port quoted  by  Creighton: 

"Calmel's  Buildings,  a  small  court  near  Portman  Square,  consisting  of  24  houses, 
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in  which  lived  700  Irish  in  distress  and  profligacy,  neglected  hj  the  parish  and  shunned 
by  every  one  from  fear  of  contagion.  George  Yard,  Whitechapel,  consisting  of  40 
houses  in.  which  lived  2,000  persons  in  a  similar  state  of  wretchedness." 

In  1831  typhus  became  epidemic  in  England  and  continued  its  ravages 
for  more  than  ten  years.  The  destitution  and  sickness  among  the  poor 
of  Manchester  in  the  latter  part  of  this  epidemic  (1839-1841)  furnished 
the  basis  of  the  story  of  ''Mary  Barton"  written  by  Mrs.  Gaskell.  The 
author  dwells  on  the  bitterness  on  the  part  of  the  poor. 

' '  The  most  deplorable  and  enduring  evil  which  arose  out  of  the  period  of  commercial 
depression  to  which  I  refer,  was  this  feeling  of  alienation  between  the  different  classes 
of  society.  It  is  so  impossible  to  describe,  or  even  faintly  to  picture,  the  state  of  dis- 
tress which  prevailed  in  the  town  at  that  time,  that  I  will  not  attempt  it;  yet,  I  think 
again  that  surely  in  a  Christian  land,  it  was  not  known  so  feebly  as  words  could  tell  it, 
or  the  more  fortunate  and  happy  would  liave  thronged  with  their  sympathy  and  aid. 
In  many  instances  the  sufferers  wept  first  and  then  cursed.  Their  vindictive  feelings 
exliibited  themselves  in  rabid  politics.  And  when  I  heard,  as  I  have  heard,  of  the  suf- 
fering and  privations  of  the  poor,  of  provision  shoi3s  where  ha'porths  of  tea,  sugar, 
butter,  and  even  flour  were  sold  to  accommodate  the  indigent — of  parents  sitting  in 
their  clothes  by  the  fireside  during  the  whole  night  for  seven  weeks  together — in  order 
that  their  only  bed  and  bedding  might  be  reserved  for  the  use  of  their  large  family — 
of  others  sleeping  upon  the  cold  hearth-stone  for  weeks  in  succession  without  adequate 
means  of  providing  themselves  with  food  or  fuel — and  this  in  the  depth  of  winter — 
of  others  being  compelled  to  fast  for  days  together,  uncheered  by  any  hope  of  better 
fortune,  living,  moreover,  or  rather  starving  in  a  crowded  garret  or  damp  cellar,  and 
gradually  sinking  under  the  pressure  of  want  and  despair  into  a  premature  gi-ave;  and 
when  this  has  been  confirmed  by  the  evidence  of  their  careworn  looks,  their  excited 
feelings,  and  their  desolated  homes — can  I  wonder  that  many  of  them  in  such  times  of 
misery,  and  destitution,  spoke  and  acted  Avith  ferocious  precipitation?" 

In  1847-1848  there  was  a  revival  of  typhus  in  England  under  the  name  of 
"Irish  Fever."  The  last  epidemic  in  England  occurred  in  1863-1864  and 
was  in  part  due  to  the  "cotton  famine"  resulting  from  the  civil  war  in 
our  own  country.  Since  that  time  typhus  fever  has  gradually  decreased 
in  Britain,  and  has  not,  notwithstanding  the  World  War,  regained  a  foot- 
hold in  that  country. 

From  the  fact  that  we  have  dwelt  on  typhus  in  Britain  it  must  not  be 
inferred  that  it  was  unknown  or  was  less  prevalent  on  the  continent  of 
Europe  during  the  seventeenth,  eighteenth,  and  nineteenth  centuries.  .  In- 
deed, it  was  constantly  present  and  assumed  epidemic  proportions  of 
varying  intensity  in  divers  places  at  different  times.  No  European  nation 
has  heen  wholly  free  from  it,  and  it  has  continued  up  to  the  present  time 
to  develop  epidemics,  especially  in  the  Balkan  States,  Austria,  and  Rus- 
sia. The  World  War  gave  most  favorable  opportunity  for  the  develop- 
ment and  spread  of  this  disease,  but  thanks  to  scientific  medicine  it  has 
not  become  a  world  scourge. 

Taking  Europe  as  a  whole,  the  period  from  about  1670  to  about  1850 
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may  be  considered  as  the  typhus  age.  This  does  not  mean  that  this  dis- 
ease did  not  exist  before  this  period  or  that  it  had  ceased  with  the  close  of 
it.  Neither  assumption  would  be  true,  but  before  that  time  typhus  was 
overshadowed  for  many  centuries  by  the  more  deadly  plague.  Still,  it  is 
a  question  whether,  even  at  that  time,  typhus  did  not  kill  more  than  the 
plague.  The  former  was  constantly  present,  while  the  latter  lapsed  from 
time  to  time,  apparently  on  account  of  lack  of  susceptible  material.  Even 
during  the  typhus  age,  other  deadly  infections,  as  smallpox,  tuberculosis, 
diphtheria,  etc.,  aided  in  rolling  up  heavy  mortality  lists.  A  complete 
history  of  typhus  would  be  a  valuable  contribution  to  human  knowledge 
and  should  be  studied  by  statesmen  and  all  interested  in  the  welfare  of 
the  race,  as  well  as  by  physicians.  There  is  certainly  one  great  lesson 
which-  it  teaches,  and  that  is,  that  the  health  conditions  of  the  poor  are 
of  interest  to  all.  No  nation  can  be  great  so  long  as  its  laboring  classes 
live  under  unhygienic  conditions.  Typhus  impoverished  Europe,  not  only 
by  its  high  mortality,  but  by  the  great  emigration  from  its  shores,  leaving 
the  more  or  less  degenerate  to  beget  its  future  generations. 

Before  leaving  the  history  of  typhus  in  Europe,  we  wish  to  quote  the 
definition  of  the  disease  given  by  the  greatest  English  authority  of  the 
nineteenth  centurj^  Murchison : 

"A  disease  attacking  persons  of  all  ages,  generated  by  contagion  or  by  overcrowding 
of  human  beings,  with  deficient  ventilation,  and  prevailing  in  epidemic  form,  in  periods 
or  under  circumstances  of  famine  and  destitution.  Its  symptoms  are :  more  or  less 
sudden  invasions  marked  by  rigors  or  chilliness;  frequent,  compressible  pulse;  tongue 
furred  and  ultimately  dry  and  brown;  bowels,  in  most  cases  constipated;  skin  warm 
and  dry;  a  rubeoloid  rash  appearing  between  the  fourth  and  seventh  days,  the  spots 
never  appearing  in  successive  crops,  at  first  slightly  elevated,  and  disappearing  under 
pressure,  but,  after  the  second  day,  persistent,  and  often  becoming  converted  into  true 
jjetechiae;  great  and  early  prostration,  heavy  flushed  countenance;  injected  conjunc- 
tivae; watchfulness  and  obtuseness  of  the  mental  faculties,  followed  at  the  end  of  the 
first  week  by  delirium,  which  is  sometimes  acute  and  noisy,  but  often  low  and  wander- 
ing; tendency  to  stupor  and  coma,  tremors,  subsultus,  and  involuntary  evacuations, 
with  contracted  pupils.  Duration  of  the  fever  from  ten  to  twenty-one  days,  usually 
fourteen.  In  the  dead  body  no  specific  lesions ;  but  hyperemia  of  all  the  internal 
organs,  softening  of  the  heart,  hypostatic  congestion  of  the  lungs,  atrophy  of  the  brain 
and  edema  of  the  pia  mater  are  common. ' ' 

Typhus  fever  became  epidemic  in  Mexico  soon  after  the  conquest  (1530), 
and  has  continued  in  endemic  form,  with  occasional  severe  exacerbations, 
to  the  present  time.  According  to  Liceaga,  the  second  recorded  epidemic 
occurred  in  1545  and  the  third  in  1575.  In  1736-1737,  the  disease  is  said 
to  have  killed  192,000.  During  the  nineteenth  century  there  were  many 
exacerbations,  the  most  extensive  of  which  was  in  1861.  At  the  present 
time  typhus  is  endemic  in  Mexico,  where  it  is  still  known  under  the  old 
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Spanisli  name  of  ''tabarclillo."    In  December  1915,  11,000  eases  of  typhus 
were  reported  in  the  Cit.y  of  Mexico  and  its  suburbs. 

During  the  Workl  War  there  was  but  little  typhus  in  the  armies  of 
Britain,  France,  Italy,  the  United  States,  and  Germany;  more  in  the 
armies  of  Russia  and  Austria.  A  great  epidemic  introduced  by  Austrian 
prisoners  spread  through  Serbia  early  in  1915.  In  April  of  that  year  it 
was  estimated  that  the  deaths  reached  9,000  per  day,  and  it  is  stated  that 
during  the  year  more  than  150,000  people  died  of  this  disease.  The  epi- 
demic extended  into  Bulgaria  and  Roumania.  In  the  early  summer  of 
1915  an  American  Red  Cross  Expedition  visited  these  countries  and  suc- 
ceeded, with  the  aid  of  the  oncoming  hot  weather,  in  checking  tlie  epi- 
demic. 
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In  the  United  States  typhus  fever  has  never  reached  serious  epidemic 
proportions.  During  the  first  half  of  the  nineteenth  centurj^  it  was  occa- 
sionally found  in  jails  and  penitentiaries.  A  small  outbreak  was  ob- 
served in  Philadelphia  in  1883  and  another  in  New  York  in  1891-1892. 
A  few  cases  have  been  reported  from  time  to  time  among  recently  arrived 
emigrants  from  Europe. 
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From  1900  to  1919  inclusive  the  records  show  a  total  of  109  deaths  from 
typhus  in  the  registration  area.  The  deaths  by  years  are  shown  in  Table 
XXXVI. 

Of  the  35  deaths  in  1916,  26  occurred  in  Texas,  1  in  California,  4  in 
Colorado,  2  in  Missouri,  1  in  New  York  and  1  in  North  Carolina.  In  1917, 
11  of  the  16  deaths  occurred  in  Texas,  3  in  New  York,  1  in  Massachusetts 
and  1  in  North  Carolina. 

From  1898  to  1911  Brill,  of  New  York,  collected  and  reported  upon 
several  hundred  cases  of  acute  fever  which  he  distinguished  from  typhus 
fever,  and  described  as  follows : 

' '  An  acute  infectious  disease  of  unknown  origin  and  unknown  pathology,  character- 
ized by  an  incubation  period  of  from  four  to  five  days,  a  period  of  continuous  fever, 
accompanied  by  intense  headache,  apathy,  and  prostration,  profuse  and  extensive  ery- 
thematous macule -papular  eruption,  all  of  about  two  weeks'  duration,  whereupon  the 
fever  abiTiptly  ceases  either  by  crisis  within  a  few  hours  or  by  rapid  lysis  within  three 
days. ' ' 

For  some  years  this  was  known  as  Brill's  disease,  but  later  it  was  shown 
by  Anderson  and  Goldberger  to  be  typhus  fever.  Importations  of  this 
disease  by  immigrants  into  this  country  have  been  constant  and  it  is  prob- 
able that  at  no  time  have  our  large  cities  been  wholly  free  from  it,  but  in 
most  instances  it  has  been  limited  to  recently  arrived  immigrants  and 
those  directly  in  contact  with  them.  Doty  says:  "Out  of  439  cases  of 
typhus  fever  which  occurred  in  New  York  during  1892-1893,  434  were 
removed  from  the  poorer  tenement  and  lodging  houses,  principally  the 
latter." 

In  the  records  of  the  Civil  War,  1723  cases  with  572  deaths  are  reported 
under  this  name,  but  the  diagnosis  of  many  of  these  was  questioned  by 
the  best  medical  officers,  such  as  Woodward  and  Clymer.  No  cases  were 
reported  by  Confederate  officers.  It  is  certain  that  typhus  did  not  play 
any  marked  part  in  the  mortality  of  that  war,  although  bod}^  lice  under 
the  name  of  "gray-backs"  were  carried  frequently  by  soldiers.  Evidently 
the  lice  did  not  carry  the  specific  infection. 

Typhus  fever  has  always  been  widely  prevalent  among  the  poor  people 
of  Russia  and  Poland.  According  to  the  Health  Committee  of  the  League 
of  Nations,  there  were  during  the  years  1919-1920,  20,000  cases  of  this 
disease  in  that  country.  Beginning  in  1918  there  was  an  enormous  rise 
in  the  incidence  of  this  disease,  and  while  there  is  no  part  of  Russia  that 
has  entirely  escaped,  the  epidemic  has  been  most  marked  along  the  Volga. 

During  the  World  War,  among  the  troops  of  this  country  there  were  7 
admissions  for  typhus  in  1917  with  no  deaths,  11  admissions  in  1918  with 
2  deaths,  and  no  admissions  or  deaths  in  1919.  Considering  the  thousands 
of  cases  in  parts  of  Europe  at  the  time,  it  is  most  remarkable  that  an  army 
in  active  campaign  could  escape  with  so  few  cases. 
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111  1909,  Nicolic,  a  Freiicli  army  surgeon  stationed  in  Algiers,  made 
notable  discoveries  concerning  the  transmission  of  typhus  fever.  In  the 
first  place,  he  induced  the  disease  in  the  chimpanzee  by  injecting  the  blood 
of  patients  and  in  like  manner  he  transferred  fhe  disease  from  the  chim- 
panzee to  the  maeacus  monkey.  He  was  not  able  to  transfer  the  disease 
in  this  way  directly  from  man  to  monkey,  but  could  do  so  indirectly 
through  the  chimpanzee.     He  concluded  from  this  that  the  virus  is  in- 
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creased  in  intensity  by  passage  through  the  chimpanzee;  furthermore, 
Nicolle  succeeded  in  transmitting  typhus  from  monkey  to  monkey  by  the 
bite  of  the  body-louse  (pediculus  vestimenti).  Typical  eruptions  were 
secured  in  the  chimpanzee  constantly,  but  not  uniformly  in  the  monkey. 
The  fact  that  typhus  is  transferable  from  man  to  man,  from  man  to 
monkey,  and  from  monkey  to  monkey,  by  the  body-louse  has  been  con- 
firmed by  the  researches  of  Anderson  and  Goldberger,  Ricketts  and  others. 
In  the  study  of  the  transmission  of  typlius  more  than  one  medical  man 
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has  contracted  the  disease,  and  of  six  American  physicians  who  carried 
on  these  studies  in  Mexico  three  became  ill  and  two  died — Conneff,  of  the 
State  University  of  Ohio,  and  Kicketts,  of  Chicago.  These  are  names  now 
added  to  the  martj^r  roll  of  science. 

From  time  to  time  in  the  past,  both  before  the  World  War  and  since, 
typhus  fever  has  occasionally  filtered  into  the  United  States.  The  sources 
from  which  this  disease  has  come  have  been  Europe  and  Mexico.  From 
Europe  the  bearers  of  this  infection  have  been  immigrants,  and  it  is  prob- 
able that  New  York  has  seldom  been  entirely  free  from  this  disease.  There 
was  quite  an  epidemic  in  that  city  in  1867  and  1868.  From  the  last 
named  date  until  1881,  secondary  cases  w^ere  not  reported  in  New  York. 
In  1881  there  were  811  cases  with  225  deaths  in  New  York  and  11  cases 
with  four  deaths  in  Brooklyn.  In  1883  there  was  a  small  epidemic  in 
Philadelphia.  From  time  to  time,  an  American  mining  expert  or  some 
other  prospector  has  acquired  the  disease  in  Mexico,  but,  so  far  as  we  have 
learned,  there  have  been  no  secondary  cases  in  this  country  due  to  the 
acquisition  of  this  infection  by  American  visitors  of  this  class  to  Mexico. 
From  time  to  time  Mexican  laborers,  especially  those  engaged  in  work  on 
the  railroads,  have  brought  the  disease  into  this  country.  The  most  inter- 
esting report  upon  an  epidemic  of  this  kind  is  that  made  by  Boyd  of  an 
outbreak  at  Ft.  Madison,  la.,  in  1916.  In  the  small  railroad  hospital  at 
this  place  there  were  eight  cases,  including  the  physician  and  three  nurses 
in  the  hospital.  Boyd  handled  this  outbreak  in  a  masterly  way  and  the 
Santa  Fe  Railroad,  under  his  direction,  put  into  operation  four  disinfect- 
ing trains,  which  apparently  completely  eradicated  the  disease  along  its 
lines.  Boyd  makes  the  following  statement  concerning  the  method  he 
employed  in  doing  this  work: 

' '  The  contemplated  campaign  of  louse  extermination  among  this  Mexican  population 
considered  three  things,   (1)   the  delousing  of  the  persons  in  the  Mexicans  themselves; 

(2)  the  delousing  of  their  clothing,  bedding  and  other  intimate  personal  effects,  and 

(3)  the  delousing  of  their  bunks  in  the  cars  occupied  by  them.  Since  the  necessity  for 
this  work  existed  at  other  points  along  the  road  than  Iowa,  the  magnitude  of  the  task 
was  greatly  increased.  It  appealed  therefore  that  some  jjortable  equipment  and  sys- 
tem of  operation  must  be  devised  which  could  be  taken  from  place  to  place  to  accom- 
plish this  purpose.  Time  was  pressing  and  the  equipment  must  be  such  that  it  could 
be  immediately  constructed  from  materials  on  hand  in  the  railroad  shops  and  from 
such  supplies  as  could  be  drawn  from  those  on  hand  in  the  railroad  store  house  and 
with  the  help  of  the  regular  railroad  employes.  It  was  decided  to  accomplish  the 
delousing  of  the  Mexicans  themselves  by  a  ten  minute  bath  in  kerosene  and  soap  suds, 
with  a  kerosene  and  vinegar  bath  for  the  hair.  Clothing,  bedding,  etc.,  was  deloused 
by  exposure  to  a  temperature  in  excess  of  160°  F.  for  twenty  minutes.  The  sleeping- 
quarters  in  the  bunk  cars  were  deloused  by  spraying  with  kerosene.  Dry  heat  was 
considered  prefera,ble  for  the  destruction  of  lice  and  eggs  in  the  clothing,  as  it  could 
then  be  immediately  returned  to  the  men,  hence  saving  time.  Fumigation  of  the  bunk 
cars  did  not  seem  practical,  owing  to  their  loose  construction  and  the  length  of  time 
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taken  by  such  a  process.  At  my  suggestion  the  Santa  Fe  undertook  to  prepare  a 
train  for  the  convenient  delousing  of  the  Mexicans  along  tlieir  line,  its  construction 
and  equipment  being  according  to  my  directions.  This  train  consisted  of  four  cars. 
Tlie  first  was  a  freight  car  in  which  was  constructed  an  oven  heated  by  steam  coils, 
in  which  clothing  and  bedding  could  be  subjected  to  a  dry  heat  in  excess  of  160°  F. 
for  the  destruction  of  lice  and  nits.  Storage  space  for  supplies  was  provided  in  this 
car.  Two  heated  bath  cars,  in  which  the  Mexicans  could  be  bathed  in  kerosene  and 
soap  suds  were  next  in  the  train  and  a  way  car  was  also  provided  for  the  disinfecting 
croAV  of  five  Mexicans. ' ' 

Pediculus  Vestimenti  (Also  Known  as  P.  Humanus  and  P.  Corporis). 

— Since  it  has  been  demonstrated  that  this  parasite  is  the  distributor  of 
so  serious  a  disease  as  typhus  fever  it  has  become  the  object  of  numerous 
studies.  Among  the  first  to  report  upon  the  habits  of  this  louse  was  Ship- 
ley, of  England.  According  to  him,  the  body-louse  is  somewhat  larger 
than  the  head-louse  and  carries  longer  antennae.  The  male  is  about  3  mm. 
long  and  1  mm.  broad.  The  female  is  about  one-tenth  larger.  The  color 
of  the  louse  is  said  to  vary  with  that  of  the  people  on  whom  it  feeds,  black, 
brown,  and  with  different  shades  of  grayish  white.  It  does  not  move 
about  over  the  surface  of  the  body  but  is  always  attached  to  the  inner  side 
of  the  underclothing.  Even  in  feeding  it  remains  attached  to  the  clothing 
by  at  least  one  of  its  six  legs.  It  often  happens  that  when  a  lousy  person 
is  stripped,  no  lice  can  be  found  on  him,  but  the  inner  side  of  the  under- 
clothing may  be  alive  with  them.  When  grown  for  the  purpose  of  study, 
they  must  be  permitted  to  attach  themselves  to  bits  of  flannel  and  these 
must  be  brought  into  contact  with  the  skin  and  the  lice  allowed  to  feed 
twice  daily.  They  take  hold  promptly  and  feed  greedily,  but  never  detach 
themselves  from  the  flannel.  The  female  after  pairing  begins  to  deposit 
eggs  or  nits  at  the  rate  of  about  five  per  day.  These  hatch  after  periods 
which  vary  markedly  with  the  temperature.  Cold  delays  hatching,  but 
even  freezing  does  not  destroy  the  nits.  Under  favorable  conditions  the 
larvae  emerge  about  the  sixth  day  and  immediately  begin  to  feed.  Body- 
lice  do  not  seem  to  be  hardy  and  soon  die  unless  they  have  frequent  oppor- 
tunity of  feeding,  but  the  clothing  may  carry  nits  quite  indefinitely,  and 
these  may  hatch  when  conditions  become  favorable.  The  newly  hatched 
do  not  survive  more  than  36  hours  without  food. 

The  optimum  temperature  for  the  activity  of  this  parasite,  including  the 
laying  and  hatching  of  eggs,  is  about  95°  F.,  slightly  below  that  of  the 
human  body  and  about  the  temperature  ordinarily  maintained  at  the  sur- 
face of  the  body.  At  this  temperature  copulation  takes  place  every  two 
or  three  days  and  a  single  copulation  suffices  to  fertilize  all  the  eggs  laid 
during  the  following  20  days.  No  eggs  are  produced  at  temperatures 
below  77°  F.  and  the  daily  exposure,  even  for  a  few  hours,  to  a  tempera- 
ture of  60°  F.  results  in  a  marked  falling  off  in  egg  production.  At  tem- 
peratures above  95°  F.,  especially  wlien  accompanied  by  increased  humid- 
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ity,  the  life  of  the  parasite  becomes  precarious  and  the  production  of  eggs 
ceases.  Either  complete  drying  or  excessive  humidity  retards  all  the 
functions  of  this  parasite.  This  accounts  for  the  fact  that  typhus  fever 
is  not  found  in  certain  hot  countries  and  disaj)pears  with  the  advent  of 
the  hot  season  in  temperate  regions.  The  eggs  of  the  body-louse  are  about 
1  mm.  in  length  and  are  glued  to  the  fibers  of  the  clothing,  especially 
along  the  seams.  Other  lice  deposit  their  eggs  on  hair.  The  body-louse 
will  do  so  when  there  is  no  other  object  to  which  she  can  attach  the  eggs, 
but  in  doing  so  she  shows  less  skill  in  her  workmanship.  The  lice  show 
a  nesting  tendency  and  deposit  their  eggs  in  clusters  often  numbering 
50  or  more.  Newly  hatched  lice  are  ready  to  function  as  soon  as  they 
emerge  from  the  egg  and  die  within  24  to  48  hours  when  deprived  of 
food.  At  a  temperature  of  95°  F.  the  young  pass  their  first  molt  in  three 
days,  the  second  in  five  or  six  days,  and  the  third  which  brings  them  to 
adult  life,  in  eight  or  nine  days ;  however,  the  rate  of  development  is 
influenced  markedly,  as  has  been  indicated,  by  humidity  and  tempera- 
ture. The  first  copulation  occurs  within  less  than  12  hours  after  the  last 
molt  and  the  production  of  eggs  closely  follows.  The  length  of  life  of 
individuals  is  placed  at  betAveen  35  and  40  days. 

According  to  Bacott,  body-lice  do  not  wander  over  the  skin.  They 
pierce  the  tissue  and  apparently  rely  upon  their  salivary  secretion  to 
dilate  the  capillaries,  Avhicli  gives  an  accumulation  of  blood  upon  which 
they  feed.  The  time  occupied  in  feeding  varies  from  a  few  minutes  to 
an  hour  or  more.  The  louse  pumps  in  the  blood  intermittently,  resting 
for  a  while  without  withdrawing  his  lancet.  It  seems  that  the  human 
body-louse  cannot  draw  blood  from  the  lower  animals,  while  the  dog- 
louse  fails  to  feed  through  the  human  skin.  The  lice  slowly  digest  the 
absorbed  blood,  depositing  the  waste  material  in  their  excreta,  and  ap- 
parently they  prefer  two  meals  a  day.  Lice  that  have  been  held  in 
captivity  until  partially  starved  are  apparently  still  able  to  pierce  the 
skin,  but,  possibly  on  account  of  some  deterioration  in  their  salivary 
secretion,  they  are  unsuccessful  in  drawing  blood. 

An  important  question  concerns  the  possibility  of  the  body-louse  feed- 
ing upon  other  insects  or  dead  material.  According  to  Hall,  a  female 
body-louse  taken  from  a  Mexican  baby  was  placed  in  a  bottle  with  a 
head-louse  taken  from  the  same  baby,  when  the  former  promptly  de- 
voured the  latter.  For  three  days  the  body-louse  was  given  two  head 
lice  for  its  food.  Later  is  was  seen  to  eat  crab-lice,  small  black  ants, 
bedbugs,  and  even  raw  beef.  "When  given  a  choice  of  the  above  men- 
tioned dishes,  head-lice  were  first  eaten;  then  followed  the  bedbugs  and 
the  beef.  These  reports  need  confirmation,  and  are  of  importance  be- 
cause Hall  claims  that  bodj^'-lice  have  been  found  in  empty  box  cars 
used  to  transport  Mexican  troops  weeks  before,  and  he  points  out  that 
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a  car  thus  infected  Avitli  typlius  would  be  a  source  of  danger  for  a  longer 
period  than  the  few  days  that  a  louse  can  live  without  food.  The  bites 
of  uninfected  lice  cause  red  pimples  which  itch,  and  scratching  pro- 
duces characteristic  white  scars  surrounded  by  brown  pigment.  In  this 
way  large  areas  of  skin  may  take  on  a  mottled  bronze  color.  It  is  said 
that  the  people  of  Russian  Poland  have  always  possessed,  or  have  ac- 
quired, an  insensibility  to  the  bites  of  lice.  It  follows  that  among  these 
people  the  louse  ceases  to  be  a  disturber  of  the  peace,  but  continues  to 
act  as  a  distributor  of  disease. 

According  to  Anderson  and  Goldberger  the  head-louse  (pediculus  cap- 
itis) may  also  transmit  typhus  fever.  This  pest  is  smaller  than  its 
cousin,  the  body-louse,  has  only  seven  instead  of  eight  abdominal  seg- 
ments, and  the  abdomen  is  hairy  instead  of  naked.  It  wanders  over  all 
parts  of  the  body  but  makes  its  home  in  the  hair  of  the  head,  where  it  de- 
posits its  eggs,  especially  above  the  ears.  Its  eggs  are  smaller  and  only 
one  can  be  matured  in  the  louse's  body  at  a  time,  but  eight  or  ten  may  be 
laid  in  a  day.  The  nits  are  glued  to  the  lower  end  of  the  hair,  generally  in 
nests  plainly  visible  to  the  unaided  eye.  The  eggs  hatch  in  ten  or  twelve 
days  and  reach  maturity  after  two  or  three  weeks,  when  they  are  again 
ready  to  reproduce.     Chandler  says : 

' '  At  this  rate  of  reproduction,  allowing  only  a  50  j^er  cent  liatcli,  a  single  pair  of 
lice,  theoretically,  could  produce  over  three-quarters  of  a  million  offspring  in  the  fourth 
generation  and  in  the  course  of  less  than  tliree  months. ' ' 

It  is  stated  that  the  two  varieties  may  interbreed. 

The  crab-louse  (phthirius  pubis)  is  a  wholly  different  species  from  the 
two  already  mentioned.  It  has  a  broad  short  body  with  long  claAved 
legs,  presenting  the  appearance  of  a  tiny  crab,  thus  it  derives  its  name. 
It  infests  the  hairs  of  the  pubic  region  and  other  parts  of  the  body  where 
the  hair  is  coarse,  and  has  been  found  in  the  armpits  and  in  the  beard. 
It  is  said  that  this  louse  is  confined  to  the  Caucasian  race,  but  the  writ- 
ers know  this  not  to  be  true,  inasmuch  as  one  of  them  has  seen  these 
lice  on  negroes  and  Japanese.  The  female  crab-louse  produces  from  10 
to  15  eggs  and  glues  them  one  at  a  time  to  the  hairs  among  which  she 
lives.  Hatching  occurs  in  from  six  to  seven  days  and  the  young  become 
sexually  mature  in  about  two  weeks.  It  is  said  that  the  eggs  do  not 
develop  except  at  temperatures  between  68°  and  86°  F.,  which  are  ap- 
proximately' the  temperatures  to  which  the  eggs  attached  to  the  hairs 
beneath  the  clothing  are  exposed.  This  louse  is  not  known  to  transmit 
any  infection. 

It  should  be  noted  that  the  louse  is  responsible  for  the  transmission 
not  only  of  typhus,  but  also  trench  fever  and  relapsing  fever. 

Delousing'. — It   is    evident   that    the   surest   way   to   eradicate   typhus 
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fever  is  to  exterminate  the  human  louse,  and  while  we  are  at  it,  the 
extermination  should  include  all  varieties  and  species  of  this  pest.  The 
''cootie,"  as  the  body-louse  was  familiarly  known  to  the  millions  of 
allied  soldiers  Avho  served  as  his  host,  is  quickly  and  effectively  de- 
stroyed by  steam.  The  soldier  in  the  trenches  could  not,  however,  send 
his  clothes  to  the  steam  laundry  every  time  they  became  infested.  Hun- 
dreds of  experiments  were  made  in  laboratories  in  the  search  for  some 
chemical  agent  which,  when  sprinkled  on  the  underclothing,  would 
prove  sufficiently  obnoxious  to  this  uninvited  guest  and  lead  him  to 
make  a  speedy  departure.  Such  a  preparation,  in  addition  to  its  insecti- 
cide properties,  must  not  irritate  unduly  the  skin  of  the  man  within  the 
clothes.  The  British  used  a  preparation  known  in  the  army  as  N.  C.  I., 
consisting  of  naphthalene,  96  per  cent;  creosote,  2  per  cent;  iodoform, 
2  per  cent.  This  material  was  undoubtedly  of  some  value.  Naphthalene 
retains  its  killing  power,  when  cloth  is  impregnated  with  it,  for  about 
12  hours,  according  to  the  experiments  of  Moore  and  Hirschfelder. 
Many  other  preparations  continue  to  be  poisonous  to  the  parasite  for  a 
much  longer  time,  but  most,  if  not  all,  of  them  proved  too  irritating  to 
be  of  practical  value.  The  French  used  two  soaps,  one  containing  35  per 
cent  cresol  and  65  per  cent  naphtha,  while  the  other  contained  35  per 
cent  xylol  and  65  per  cent  naphtha.  In  all  the  allied  armies  as  soon  as 
soldiers  were  temporarily  released  from  the  trenches  they  proceeded  to 
the  rear,  where  their  clothes  were  disinfected  by  steam.  Our  own  army 
oJHicers  have  taken  every  possible  precaution  to  prevent  the  importation 
of  lice  into  this  country.  It  must  not  be  understood  from  this  that  our 
soldiers  were  100  per  cent  free  from  this  pest  when  they  Avere  mobilized. 
Cases  of  louse  infestation  were  found  in  nearly  every  camp  in  this 
country  and  in  some  the  percentage  was  astonishingly  high.  T.his  was 
especially  true  of  draft  men  from  the  tenement  districts  of  our  great 
cities  and  among  negro  soldiers  from  the  South.  Delousing  plants  were 
in  operation  at  embarkation  ports  in  Europe  and  at  debarkation  ports 
in  this  country  on  the  return  of  our  soldiers.  These  plants  consisted  of 
large  separate  buildings.  They  were  so  arranged  that  more  than  200 
soldiers  with  all  their  clothing  and  equipment  could  be  deloused  in  an 
hour.  The  procedure  was  provided  for  by  Plotz  and  others  who  had 
had  experience  in  the  campaigns  against  typhus  fever  in  the  Balkans. 
The  soldier  entered  the  building  with  his  barrack  bag  containing  all  his 
clothing.  Leather  materials,  rubber  and  celluloid  articles,  and  money 
were  deposited  in  lockers.  The  man  received  two  tags  bearing  the  num- 
ber of  the  locker  and  then  proceeded  to  the  disrobing  room  with  his 
barrack  bag.  All  his  clothing  was  placed  in  this  bag,  which  was  tied 
and  numbered  with  one  of  the  tags,  the  man  retaining  the  other.  The 
bag  was  then   placed,   with    others,   on   a    carriage   and   pushed   into    a 
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steam  sterilizer,  wliich  was  18^  feet  long  hy  5  feet  in  diameter  and  pro- 
vided with  two  cars  and  transfer  tracks  so  that  one  car  was  being 
loaded  or  unloaded  while  the  other  was  in  the  sterilizer.  The  soldier 
then  proceeded  to  the  hair-cutting  room,  but  before  entering  he  was  in- 
spected for  vermin  and  nits.  If  these  were  found,  the  hair  of  the  head, 
of  the  axillary  and  pubic  regions  was  clipped  with  an  electric  hair- 
cutting  machine.  In  infested  cases  the  axillary  and  pubic  regions  were 
shaved.  From  the  barber  shop  the  soldier  entered  a  shower  room  where 
a  bath  with  liquid  soap  and  warm  water  was  obtained.  The  soap  used 
contained  kerosene.  The  man,  thus  thoroughly  clean,  went  to  a  drying 
room  where  he  was  provided  with  clean  towels.  In  the  delousing  sta- 
tions, plans  were  made  for  pressing  rooms  where  wrinkled  clothing 
could  be  put  in  shape.  Two  toilets  were  provided,  one  for  dirty  and  one 
for  clean  men.  All  attendants  in  the  delousing  stations  wore  louse- 
proof  suits,  which  consisted  of  a  one-piece  garment  covering  the  shoes 
and  tied  about  the  neck.  With  these  jDrecautions,  which  have  been 
carried  out  faithfully,  it  is  not  probable  that  our  soldiers  have  brought 
typhus  infection  into  this  country.  However,  now  that  the  war  is  over, 
we  may  expect  that  immigrants  will  again  become  possible  carriers  of 
this  and  other  infections. 

The  U.  S.  Public  Health  Service  has  provided  at  ports  of  entry  for 
immigrants  satisfactory  apparatus  for  delousing.  This  differs  in  no 
essential  Avay  from  the  delousing  stations  established  by  the  army.  The 
stripped  immigrants  are  sprayed  with  a  soap  solution  made  by  dissolv- 
ing one  part  of  laundry  soap  in  four  parts  of  soft  water  and  adding  an 
equal  volume  of  gasoline.  This  mixture  hardens  in  a  few  hours  to  the 
consistency  of  a  stiff  jelly  and  constitutes  the  stock.  For  spraying,  this 
stock  is  mixed  with  from  five  to  ten  parts  of  hot  water.  The  spray  is  so 
directed  as  to  penetrate  the  creases  and  hairy  parts  of  the  body.  The 
face  is  not  spared  and  no  injury  is  done  even  if  the  eyes  are  kept  open. 
After  spraying,  the  individual  Avalks  through  a  warm  spray  in  which 
he  may  linger  until  he  is  satisfied  that  the  soap  is  Avashed  off.  For  the 
treatment  of  clothing  and  baggage,  hydrocyanic  acid  gas  is  used.  The 
articles  are  placed  in  an  air-tight  room  about  eight  by  eight  feet.  Into 
this,  hydrocyanic  acid  gas  is  injected  from  a  generator  situated  in- the 
open  air.  After  sufficient  exposure  the  gas  is  remoA^ed  from  the  room 
by  electric  fans;  lioAveA'er,  this  method  Avas  not  found  to  be  fully  effi- 
cient, and  later  the  articles  Avere  placed  in  a  metal  chamber  in  AA^hich  a 
vacuum  Avas  produced  and  the  gas  introduced.  The  foUoAA'ing  are  the 
directions :  A  A-acuum  of  25  inches  of  mercury  is  generated ;  then  the 
gas  from  6  ounces  of  sodium  cyanid  per  100  cubic  feet  is  introduced 
sloAA'ly.  Tlie  A^acuum  is  reduced  to  5  inches,  AA^here  it  is  lield  for  1  hour 
and  25  minutes.     This  method  has  been  found  efficient  in  the  disinfec- 
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tion  of  baled-cottoii,  which  must  be  penetrated  in  order  to  destroy  potato 
bugs  and  other  insects.  It  should  be  noted  here  that  hydrocyanic  acid 
gas  has  but  slight  effect  upon  bacteria  and  should  not  be  relied  upon  as 
a  germicide.  The  advantage  of  this  process  in  the  destruction  of  insects 
lies  in  the  fact  that  the  baggage  need  not  be  opened. 

It  should  be  plainly  understood  that  there  is  no  evidence  that  typhus 
is  carried  in  any  other  way  than  by  the  bite  of  lice  which  have  previ- 
ously fed  on  a  person  sick  with  this  disease.  If  the  transfer  of  lice  be 
prevented  there  is  not  the  slightest  danger  of  contracting  the  disease  by 
coming  into  close  proximity,  or  even  into  contact,  with  those  suffering 
from  it.  It  follows  that  every  one  sick  with  this  disease  should  be  pro- 
tected from  visitation  by  lice.  Since  these  pests  cling  to  the  clothing 
when  one  undresses,  this  precaution  is  easily  carried  out  in  any  well- 
equipped  hospital.  There  is,  therefore,  no  reason  that  cases  of  typhus, 
under  proper  precautions,  especially  on  admission,  should  not  be  cared 
for  in  general  hospitals.  Likewise,  under  proper  precautions,  one  Avith 
this  disease  might  be  treated  without  danger  to  the  community  in  his 
own  home ;  however,  since  there  are  no  disinfecting  plants  in  homes 
the  proper  place  for  a  typhus  patient  is  in  a  hospital,  and  there  his  cloth- 
ing should  be  removed  and  his  body  treated  as  indicated  before  he  is 
admitted  to  the  ward  or  room. 

Virus. — The  louse  serves  as  the  carrier  of  the  virus  and  only  infected 
lice  can  transmit  disease.  The  nature  of  the  virus  has  not  been  deter- 
mined. One  attack  of  typhus  gives  immunitj^  This  has  been  shown  by 
observation  on  man  during  epidemics  and  has  been  demonstrated  by 
experiments  on  monkeys.  A  monkey  in  which  typhus  had  been  pro- 
duced by  the  bite  of  infected  lice  or  by  the  injection  of  blood  from  a 
human  case  and  has  recovered,  remains  immune  when  again  subjected 
to  the  bites  of  infected  lice  or  treated  with  infected  blood.  There  is  no 
known  vaccine  for  typhus  fever. 
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CHAPTER  XXXIV 

THE  EELAPSING  FEVEES 
Febris  Recurrens;  Spirillum  Fever;  African  Tick  Fever 

Description. — In  Avidely  separated  parts  of  the  world,  under  widely 
varying  climatic  conditions,  and  among  all  races  and  conditions  of  men, 
there  has  been  recognized  for  a  long  time  a  group  of  febrile  diseases, 
with  individual  differences,  but  with  fairly  constant  characteristics  in 
symptomatology.  The  terms  ''relapsing"  and  "recurrent"  fairly  ex- 
press the  distinguishing  characteristics  of  the  members  of  this  group  of 
diseases.  The  group  may  be  broken  up  into  individual  diseases  which 
are  distinguished  from  one  another  by  more  or  less  marked  differences 
in  the  infecting  agents  and  more  striking  differences  in  the  insects  which 
serve  as  carriers  of  the  virus  in  different  areas. 

The  incubation  period  in  these  fevers,  as  determined  by  experimental 
and  accidental  inoculation,  varies  from  three  or  four  to  ten  or  twelve 
days,  but  averages  about  seven.  During  the  period  of  incubation  there 
is  no  marked  or  plainlj^  recognizable  and  distinctive  departure  from 
health,  although  there  may  be  slight  torpidity  in  bodily  function,  accom- 
panied by  more  or  less  mental  depression.  There  is,  however,  as  we  have 
said,  nothing  distinctive  enough  in  the  way  of  symptoms  during  the 
period  of  incubation  to  justify  a  diagnosis.  Furthermore,  during  this 
time  the  parasite  is  not  found  in  the  peripheral  blood. 

The  first  pyrexial  stage  appears  suddenly,  with  rigors,  headache,  pain 
in  the  back  and  limbs,  and  the  usual  accompaniments  of  an  acute  infec- 
tion. The  temperature  rises  abruptly,  usually  standing  at  from  103'°  to 
104°  F.,  but  in  some  cases  going  higher.  In  about  seventy  per  cent  of 
the  cases  the  chills  ushering  in  this  period  are  accompanied  by  vomiting. 
The  pulse  is  accelerated,  compressible,  without  dicrotism,  and  in  about 
five  per  cent  of  the  cases  there  is  epistaxis.  There  is  usually  some  evi- 
dence of  bronchial  congestion  and  pneumonia  ma}^  appear  as  a  dangerous 
sequel,  though  this  is  rather  unusual.  The  temperature  of  the  first 
pyrexial  stage  is  usually  continuous,  but  the  step-like  elevation,  char- 
acteristic of  typhoid  fever,  is  absent.  The  bowels,  as  a  rule,  are  con- 
stipated. The  spleen  and  liver  are  slightly  enlarged  and  more  or  less 
tender.  There  is  some  reduction  in  hemoglobin,  and,  as  a  rule,  a  marked 
polymorphonuclear  leucocj^tosis.  The  increase  in  respiration  and  pulse 
rate  follows  the  temperature  chart,  and  in  severe  cases  delirium  is  not 
unknown.     During  this  and  other  febrile  stages  the  spirochetes  can  be 
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found  in  the  peripheral  blood,  but  the  number  in  evidence  under  the 
microscope  varies  widely  and  is  not  in  proportion  to  the  severity  of  the 
attack.  The  first  pyrexial  period  continues,  as  a  rule,  from  four  to  seven 
days.  Then  there  is  a  critical  fall.  The  fever  not  only  disappears,  but 
the  temperature  becomes  subnormal.  Within  a  few  hours  the  fall  in 
temperature  may  measure  as  much  as  10°. 

The  first  apyrexial  or  intermission  stage  is  followed  by  speedy  recu- 
peration. The  temperature,  subnormal  at  the  end  of  the  first  pyrexial 
stage,  quickly  returns  to  normal,  the  fur  on  the  tongue  disappears,  the 
appetite  again  puts  in  its  demands,  while  the  constipation  is  relieved 
and  within  two  or  three  days  it  is  difficult  to  convince  the  patient  that 
he  should  continue  off  duty  and  in  bed.  During  the  afebrile  stages  the 
spirochete  cannot  be  found  in  the  peripheral  blood,  but  in  some  unrec- 
ognizable form  it  must  be  present  in  this  fluid  at  this  time,  because  the 
blood  still  remains  infectious,  as  can  be  demonstrated  by  inoculation  of 
men  or  animals. 

The  intermission  or  apyrexial  stage  continues  from  seven  to  twelve 
days  and  by  this  time,  as  a  rule,  the  patient  is  feeling  quite  well,  but  the 
second  pj-rexial  stage  appears  suddenly  and  in  much  the  same  form  and 
with  the  same  accompaniments  as  in  the  first  stage.  The  fever  of  this 
period  is  not  likely  to  run  so  high  as  in  the  first  and  more  frequently  it 
is  of  a  remittent  rather  than  of  a  continuous  type.  The  spirochetes  are 
again  present,  though  often  scanty,  in  the  peripheral  blood.  In  the 
majority  of  instances  complete  recovery  follows  the  second  pyrexial 
attack,  but  in  exceptional  cases  there  may  be  repeated  accessions  and 
remissions  of  the  febrile  attacks  extending  through  weeks  and  possibly 
months.  Even  in  these  the  spirochetes  reappear  in  the  blood  with  every 
febrile  accession  and  disappear  during  the  remissions,  but  throughout 
both  stages  the  blood  remains  infectious.  Carter,  as  early  as  1882, 
reporting  on  441  cases  in  which  the  diagnosis  was  confirmed  by  the  de- 
tection of  the  parasite  in  the  blood,  states  that  in  23.8  per  cent  of  these 
there  was  only  one  febrile  attack,  but  these  were  of  the  abortive  type. 
A  larger  number  presented  two  febrile  stages,  Avhile  only  in  five  per 
cent  were  there  three,  and  only  in  two  per  cent  Avere  there  four.  When 
there  are  two  or  more  pyrexial  stages,  the  temperature  chart  is  charac- 
teristic of  this  disease.  In  about  ten  per  cent  of  Carter's  cases  an  erup- 
tion appeared  during  the  first  pj-rexial  attack,  usually  about  the  fourth 
day.  This  eruption  consists  of  minute  red  blotches  or  stains  which  are 
most  frequently  seen  on  the  front  and  sides  of  the  chest  and  abdomen 
or  on  the  arms,  more  rarely  on  the  legs. 

It  is  evident  that  in  the  pyrexial  stage  a  germicidal  substance  is  pro- 
ducked  and  this  suddenly  destroys  most  of  the  spirochetes,  but  there  are 
some  which  resist  this   destructive  agent   and   after  a   time  these  more 
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resistant  ones  multipl.y  and  bring  on  the  subsequent  attack.  It  has  been 
demonstrated  exj^erimentally  that  serum  secured  after  a  first  attack 
destroys  the  spirochetes  present  in  tlie  blood  at  tlie  time  of  that  attack 
but  is  without  effect  upon  the  spirochetes  of  subsequent  attacks.  A 
highly  germicidal  serum  can  be  obtained  bj^  repeated  inoculations  and 
this  has  been  shown  to  have  both  preventive  and  curative  action.  Novy 
and  Knapp  have  hyperimmunized  rats,  Avhich  are  subject  to  relapse, 
and  in  this  way  have  obtained  rat  serum  which  possesses  marked  pro- 
tective and  curative  properties  as  demonstrated  on  other  animals.  There 
seems  to  be  no  doubt  that  a  potent  serum  might  be  prepared  for  this  dis- 
ease, but  since  it  has  been  shown  that  arsphenamine  and  its  congeners 
are  specific  in  the  treatment  of  the  relapsing  fevers,  it  is  not  likely  that 
a  serum  will  be  used.  It  has  been  shown  by  Iversen,  Sergent  and  Gillot, 
and  Mouzels  and  confirmed  by  others,  that  an  intravenous  injection  of 
five  grains  of  arsphenamine,  as  a  rule,  prevents  a  second  attack.  In 
some  instances,  however,  a  second  attack  is  only  delayed  by  this  treat- 
ment, but  in  these  a  second  injection  of  arsphenamine  has  proved  to  be 
permanently  curative.  The  mortality  in  the  relapsing  fevers  is  exceed- 
ingly variable,  depending  apparently  to  some  degree  upon  the  species 
of  the  spirochete  causing  the  infection.  As  a  rule,  however,  the  mor- 
tality is  low  compared  with  that  of  typhus  and  typhoid.  When  this 
disease  attacks  pregnant  women  abortion  is  quite  certain  to  occur.  The 
spirochete  penetrates  the  placenta  and  infects  the  fetus,  as  has  been 
demonstrated  by  the  detection  of  the  organism  in  the  fetus  after  its 
expulsion. 

Relapsing  fevers  have  frequently  been  confounded  with  those  of  ma- 
larial origin.  The  demonstration  of  the  spirochete  in  the  blood  in  the 
pyrexial  stage  in  the  former  and  of  the  Plasmodium  in  the  latter  fur- 
nishes unquestionable  differentiation.  There  may  be  difficulty,  espe- 
cially in  the  first  attack,  in  distinguishing  between  relapsing  and  typhoid 
fever.  The  presence  of  the  spirochete  in  the  blood  and  the  absence  of 
the  typhoid  bacillus  in  blood  cultures  are  methods  of  diagnostic  deter- 
mination. In  reading  the  history  of  these  diseases  it  is  evident  that 
relapsing  fevers  have  been  occasionally  believed  to  be  yellow  fever.  At 
the  present  time  similar  confusion  could  hardly  occur.  Even  in  pre- 
bacteriologic  periods,  the  absence  of  the  typical  black  vomit  of  yellow 
fever  and  the  greater  mortality  in  this  disease  should  have  rendered 
differentiation  quite  certain.  Dengue  and  relapsing  fever  have  been 
confounded  in  former  times,  but  the  absence  of  the  spirochete  in  the 
febrile  stage  renders  this  distinction  easy. 

History. — Some  think  that  they  find  in  the  books  on  epidemics  a  clear 
description  of  relapsing  fever  by  Hippocrates.  Others  think  that  the 
cases  cited  were  intermittent  malarial  fevers.     It  is  quite  certain  that 
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Hippocrates  saw  and  described  typhus  fever,  but  that  he  distinguished 
between  this  and  relapsing  fever  is  certainly  not  true.  Hirsch  (1883) 
gives  credit  for  the  recognition  of  relapsing  fever  as  a  distinct  disease 
to  Griesinger,  as  the  following  quotation  indicates: 

"It  is  well  known  that  Griesinger  has  the  merit  of  having  first  correctly  recognized 
the  peculiar  features  of  bilious  typhoid  (a  name  at  that  time  accepted  by  Hirsch  as 
synonymous  with  relapsing  fever),  and  of  having  given  a  detailed  account  of  the  dis- 
ease from  the  observations  that  he  made  in  Egypt ;  he  pointed  out  the  difference  be- 
tween it  and  bilious  remittent  and  yellow  fever  on  the  one  hand,  and  on  the  other  hand 
between  it  and  relapsing  fever,  which  had  first  become  accurately  known  since  1842 
through  the  Scottish  physicians;  and  he  showed  that  both  these  forms  of  disease 
were  to  be  regarded  as  modifications  of  one  morbid  process.  Lebert  and  others  subse- 
quently raised  objections  to  the  identification  of  relapsing  fever  and  bilious  typhoid, 
but  as  I  think,  without  reason.  I  lay  no  stress  on  the  facts  that  the  two  forms  occur 
very  often  together  in  the  same  epidemic;  for  that  is  true  also  of  relapsing  fever  and 
t^^rphus,  which  are,  without  doubt,  quite  different  processes.  The  decisive  facts  in  my 
opinion  are;  that  there  are  clearly  marked  transition  forms  between  relapsing  fever 
and  bilious  tyi3hoid,  which,  from  the  point  of  view  of  symptoms  and  morbid  anatomy, 
ineJine  sometimes  to  the  character  of  the  one  and  sometimes  to  that  of  the  other;  and 
above  all,  that  the  same  morbid  poison  underlies  both  forms,  as  we  shall  see  later  on. ' ' 

It  is  quite  certain  now  that  both  Hirsch  and  Griesinger  were  in  the 
Avrong  Avlien  they  taught  that  relapsing  fever  is  identical  with  any  form 
of  tyjihoid  fever,  either  etiologically,  symptomatically,  or  pathologically. 
Some  years  before  Griesinger  wrote,  French  physicians  had  quite  accu- 
rately pointed  out  the  distinctions  between  typhus  and  typhoid  fevers 
and  had  emphasized  the  characteristic  postmortem  findings  in  the  intes- 
tine in  typhoid,  a  condition  which  is  never  seen  in  either  tj^phus  or  re- 
lapsing fever.  As  we  read  the  literature  of  epidemic  fevers,  we  are 
inclined  to  give  credit  to  Irish  clinicians  early  in  the  eighteenth  century 
for  the  earliest  indication  that  under  the  name  of  typhus  fever  there 
existed  in  Ireland  at  that  time  both  typhus  and  relapsing  fever.  Rutty, 
in  his  chronological  history  of  prevailing  diseases  in  Dublin,  published 
in  1770,  speaks  of  an  epidemic  in  that  city  in  1739  and  remarks  that  the 
disease  was  characterized  by  relapses  occurring  as  many  as  three  times. 

In  the  early  part  of  the  nineteenth  century  several  Irish  physicians 
recognized  the  fact  that  the  disease  prevailing  in  their  countr}'  at  that 
time  and  generally  known  as  typhus  fever  really  consisted  of  two  dis- 
eases.     Speaking  of  the  epidemic  of  1826-1827,  O'Brien  wrote: 

"At  the  commencement  of  the  epidemic,  two  species  of  fever  were  distinguishable 
in  the  wards  of  this  hospital,  which,  to  use  the  language  of  Sydenham,  we  shall  call 
the  fever  of  the  old  and  the  fever  of  the  new  constitution.  The  first  Avas  the  ordinary 
typhus  of  this  country,  marked  by  its  usual  protracted  periods,  running  on  to  the 
eleventh,  fourteenth,  seventeenth  or  twenty-first  days.  This  species  of  fever  was  far 
inferior  in  numerical  amount  to  the  other,  but  far  more  fatal.  It  became  complicated 
in  several  instances  with  the  fever  of  the  new  constitution,  and  assumed  many  of  its 
symptoms;    the   delirium   was   more  vivid   than   usual,    often    rising   to   phrenzy;    lilack 
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crasts  on  tlie  tongue,  and  black  sordcs  of  tlie  teeth  and  gums,  wliicli  usually  charac- 
terize bad  eases  of  typhus,  seldom  presented  themselves  here.  Peteehiae  were  less  fre- 
quent, but  the  'skin  in  many  cases  assumed  a  yellowish  hue,  not  that  intense  or  deep 
yellow  which  belongs  to  icteroid  fever,  a  few  cases  only  of  which  occurred,  but  the 
lighter  shades  characteristic  of  a  bilious  type.  The  temperature  of  the  skin  was  but 
little  increased,  frequently  even  lower  than  the  natural  standard,  and  the  general 
aspect  of  the  disease  partook  more  of  a  nervous  than  vascular  character.  The  other 
species  of  fever,  or  that  of  the  new  constitution,  which  constituted  the  bulk  of  tliis 
epidemic,  was  one  of  short  periods,  terminating  in  three,  five,  seven,  or  nine  days,  but 
the  second  of  those  periods  was  the  most  frequent.  In  hospital  practice  it  is  difficult 
to  ascertain  the  day  of  invasion  with  precision,  the  intellectual  faculties,  and  particu- 
larly the  memory,  being  impaired  in  most  cases,  and  utterly  obliterated  in  some.  From 
the  shortness  of  the  present  fever,  however,  the  crisis  was  more  easily  ascertained  than 
under  ordinary  circumstances.  In  the  months  of  June  and  July,  1826,  the  author  noted 
the  day  of  crisis  in  forty  cases  with  due  caution,  and  of  those  nineteen  terminated  on 
the  fifth  day,  twelve  on  the  seventh,  five  on  the  eleventh,  two  on  the  seventeenth,  and 
two  on  the  twenty-first  days.  In  this  fever  the  chain  of  morbid  actions  was  rapidly 
formed  and  rapidly  terminated,  and  the  disease  developed  itself  with  energy  from  tlie 
commencement.  The  access  was  sudden,  and  usually  came  on  at  midday.  Tire  person 
previously  in  perfect  health  would  then  be  seized  with  sickness  at  stomach,  headache, 
pain  in  the  small  of  the  back,  and  chilliness.  On  the  approach  of  evening  all  these 
symptoms  increased,  and  the  febrile  paroxysm  was  fully  formed;  the  chilliness  in- 
creased to  a  rigor,  and  the  nausea  to  vomiting,  which  harassed  the  j)atient  for  the 
first  three  or  four  days  of  his  fever  in  the  form  of  an  empty  straining,  and  frequently 
continued  through  its  whole  course.  On  the  evening  of  the  fifth  or  seventh  days  the 
exaoerbatio  a'Uica  commenced,  which,  mostly  Avith  the  intervention  of  a  rigor,  but  very 
frequently  without  this  symptom,  terminated  in  a  j^iofuse  perspiration,  which  con- 
tinued tlirough  the  night,  so  that  on  the  following  morning  the  crisis  was  complete, 
and  we  generally  found  the  patient  convalescent.  We  frequently  received  the  glad 
tidings  from  himself  in  the  following  words:  'Sir,  I  got  the  cool  last  night.'  The 
cool,  however,  was  sufficiently  visible  in  his  countenance  before  he  opened  his  lips,  but 
unfortunately  in  many  instances  it  proved  only  a  delusive  tiiice  to  his  sufferings.  The 
patient  was  destined  perhaps  to  be  harassed  by  one,  two,  or  three  relapses,  which  pro- 
longed the  whole  duration  of  his  illness  eA^en  beyond  that  of  the  most  iDrotracted  typhus. 
In  fact,  the  liability  to  frequent  relapses  w^as  one  of  the  most  striking  characteristics 
by  which  this  fever  was  distinguished  from  all  previous  epidemics,  at  least  wliich 
happened  in  our  time." 

As  we  read  the  above,  we  are  struck  with  the  striking  clinical  descrip- 
tion of  relapsing  fever  and  the  distinction  made  by  the  author  betAveen 
it  and  typhus  fever.  The  suggestion  b}^  O'Brien  that  the  typhus  fever 
of  his  practice  was  modified  and  to  some  extent  mitigated  by  the  coex- 
istence of  a  milder  infection  brings  up  a  question  which  now,  after  one 
hundred  years,  remains  interesting  but  incapable  of  satisfactory  solu- 
tion. In  the  same  article,  O'Brien  differentiates  between  the  fever  which 
he  describes  as  of  the  new  constitution  and  malarial,  intermittent  and 
remittent,  and  yellow  fever.  In  the  further  description  of  his  new  dis- 
ease, he  says: 

"It  was,  in  fact,  a  long  fever  broken  into  short  periods.  If  we  could  alter  the  type 
of  our  long  fevers  by  art  in  tliis  manner,  liow  greatly  should  we  lessen  their  mortality! 
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The  liability  to  relapse  in  tliis  feTcr  Avas  unquestionably  in  tlie  inverse  ratio  of  the 
duration  of  the  disease;  the  five-day  fevers  were  more  liable  to  relapse  than  the  seven- 
day,  and  so  on.  In  long  fevers  of  seventeen  and  twenty-one  days  relapse  is  a,  rare 
occurrence,  unless  under  very  unfavorable  circumstances.  The  period  of  intemiission 
the  author  thought  was  longer  in  the  seventh  than  in  the  five-day  feveis,  but  was  ex- 
tremely irregular  in  all,  varying  from  twenty-four  hours  to  a  fortnight,  or  even  up- 
wards. The  tendency  to  relapse  was  not  diminished  by  full  or  abstemious  diet,  or 
indeed  by  any  regulations  of  regimen,  or  any  of  the  ordinary  precautions." 

In  studying  the  literature  of  relapsing  fever,  we  have  found  nothing 
of  more  interest  than  the  chronicles  of  epidemics  in  Ireland.  Some  of 
these  contain  much  wisdom,  occasionally  spiced  with  wit,  and  more  fre- 
quently seasoned  with  pathos.  From  all  the  evidence  that  we  can  find, 
it  seems  that  malaria  has  never  been  widely  prevalent  in  this  Island. 
The  earliest  authentic  writer,  Boate  (1652),  certainly  describes,  under 
the  name  of  Typhus  hibernieus,  typhus  fever.    He  wrote: 

' '  The  scurvy,  an  evil  so  general  in  all  other  northerly  coiuitries  confining  upon  the 
sea,  is  until  this  day  utterly  unknoAvn  in  Ireland.  So  is  the  quartan  ague,  tlie  which 
is  ordinary  in  England,  and  in  several  parts  of  it  doth  very  much  reigTi  at  all  times. 
As  for  the  tertian  ague  it  was  heretofore  as  little  known  in  Ireland  as  the  quartan, 
but  some  years  since,  I  know  not  tlirough  what  secret  change  it  hath  found  aeoess  into 
this  Island,  so  that  at  this  time  some  are  taken  with  it,  but  nothing  near  so  ordinarily 
as  in  other  countries. ' ' 

Wylde,  commenting  upon  the  above  statement  nearl}^  200  years  later, 
wrote  as  follows: 

"May  it  (malaria)  not  have  been  then,  as  Ave  know  it  has  been  in  modern  times, 
almost  entirely  of  English  origin,  and  carried  into  this  country  by  the  annual  emi- 
grants who  haA-e  been  its  principal  AQctinis  since  the  commencement  of  the  present 
century?  Sucli  was  the  number  of  cases  that  presented  in  Ireland  some  years  ago, 
among  the  laborers  newly  arrived  from  the  fen  and  marsh  counties  of  England,  and 
who  Avere  the  chief  subjects  of  this  disease,  that  the  existence  of  ague  as  an  endemic 
affection  of  Ireland,  has  been  by  some  denied." 

Quoting  again  from  Boate,  he  said: 

"As  Ireland  is  subject  to  most  diseases  in  common  Avith  other  countries,  so  there 
are  some  whereunto  it  is  peculiarly  obnoxious,  being  at  all  times  so  rife  there  that  they 
may  justly  be  reputed  for  Ireland's  endemii  morM,  or  reigning  diseases  as  indeed  they 
are  generally  reputed  for  such.  ■  Of  this  number  is  a  certain  sort  of  malignant  f eA^ers, 
vulgarly  in  Ireland  called  Irish  agues,  because  at  wall  times  there  Avas  common  in.  Ire- 
land, as  Avell  among  the  inhabitants  and  the  natives,  as  among  those  Avho  are  newly 
come  thither  from  other  countries." 

All  subsequent  writers  agree  that  the  "Irish  agues"  of  Boate  consti- 
tuted typhus  fever,  including  therewith  typhoid  and  relapsing  fevers. 

That  the  Irish  agues  included  not  only  typhus,  but  relapsing  fever, 
is  quite  positively  shown  by  many  of  the  early  writers.  Rutty  wrote  as 
follows: 

"Now  the  summary  result  of  the  observations  in  the  following  work  in  respect  to 
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this  mattei-j  is,  tliat  amidst  all  the  obscurities  and  uncertainties  attending  the  seventh, 
fourteenth,  twentieth,  and  twenty-first  days,  were  nearly  either  the  days  of  tha  most 
perfect  crisis,  or  the  days  on  which  the  greatest  number  of  fevers  terminated  either 
in  the  recoA'ery  or  death  of  the  patient.  It  is  true,  many  of  our  fevers  did  also:  ter- 
minate in  five  or  six  days:  but  the  crisis  in  this  case  was  commonly  imperfect,  the 
patients  being  subject  to  relapses." 

Harty,  in  comparing  the  epidemics  of  1741  and  1817,  wrote: 

"In  their  characteristic  symptoms,  causes,  and  general  treatment:  in  all  which 
respects  their  coincidence  was  very  remarkable,  as  alsoi  in  changing,  when  at  their 
greatest  height,  to  a  short  fever  of  five  or  seven  days'  duration,  with  a  remarkable 
tendency  to  relapse;  such  change  having  in  both  epidemics  immediately  preceded  the 
gradual  subsidence  of  each." 

As  further  evidence  of  the  presence  of  relapsing  fever  in  epidemics 
of  Irish  ague,  we  bfPer  the  following  quotation  from  Rutty: 

"It  seems  not  unworthy  of  notice  that  there  was  frequently  a  fever,  altogether 
without  the  malignity  of  the  disease  already  described,  of  six  or  seven  days'  duration, 
terminating  in  a  critical  sweat,  as  did  the  other  also  frequently;  but  in  this  the  pa- 
tients were  subject  to  relapse,  even  to  a  third  or  fourth  time,  and  yet  recovered." 

More  than  one  Irish  writer  emphasizes  the  observation  that  the  death 
rate  was  much  higher  among  those  abundantly  fed  than  among  those 
on  scanty  rations.    Eutty  wrote: 

' '  The  poor  abandoned  to  the  use  of  whey  and  God 's  good  providence,  recovered, 
while  those  who  had  generous  cordials  and  great  plenty  of  sack,  perished. ' ' 

Along  the  same  line  Sims  said: 

"The  disease  here  described  showed  itself  among  the  middle  ranks  of  the  people, 
whose  fortune  not  exempting  them  from  industry,  they  are  exposed  to  many  irregu- 
larities in  their  manner  of  life:  who  use  much  flesh  in  their  diet,  and  whose  prevail- 
ing foible  is  an  "indulgence  in  spirituous  liquors.  Among  the  poorer  sort,  whose  food 
is  chiefly  vegetables,  the  disorder  during  the  summer  and  harvest  proceeded  to  a  much 
greater  length,  but  did  not  show  such  symptoms  of  malignity,  the  uncomfortablenessi 
of  their  houses,  and  want  of  all  heating'  medicines,  assisting  to  put  a  friendly  stoji  to 
its  increase. ' ' 

Irish  clinicians,  even  those  of  the  seventeenth  and  eighteenth  cen- 
turies, were  convinced  that  the  disease  with  which  they  were  dealing 
was  contagious;  in  fact,  the  statement  is  made  by  more  than  one  of  these 
writers  that  Typhus  hibernicus  Avas  the  onlj-  contagious  fever  known 
to  them.  They  indulged  in  some  controversy  concerning  the  nature  of 
the  contagion.  Barker  and  Bancroft  held  that  the  disease  never  ap- 
peared in  a  community  until  the  specific  contagion  was  brought  in. 
Bancroft  held 

"that  specific  contagions  are  each  and  severally  creatures  of  divine  wisdom  and 
power,  as  distinctly  and  designedly  exerted  for  their  production,  as  it  was  to  create 
the  several  sj)eeies  of  animals  and  vegetables  around  us." 

On  the  other  hand,  Harty  and  others,  while  believing  in  a  living  con- 
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tagiuni,  lield  that  this  might  be  hrought  into   existence,   especially  in 
times  of  famine,  by  the  crowding  of  the  poor  and  destitute. 

About  the  beginning  of  the  nineteenth  century  special  isolation  hos- 
pitals for  the  treatment  of  these  fevers  came  into  existence  in  Ireland 
and  the  clinicians  of  that  time  believed  that  these  hospitals  were  of 
great  aid  to  them  in  reducing  both  the  morbidity  and  the  mortality 
rates.  It  became  the  custom,  after  a  patient  had  been  taken  to  the 
hospital,  to  whitewash  the  w^alls  of  the  room  from  which  the  sick  indi- 
vidual had  been  carried.  Harty  wrote  concerning  the  fever  hospitals,  as 
follows : 

"As  reg-ards  fever  hospitals,  they  should  for  the  prevention  of  disease  be  maintained 
in  an  efficient  condition  in  eveiy  large  town  in  Ireland,  and  in  the  countiy  villages 
huts  appropriated  for  the  reception  of  those  ill  of  fever.  The  value  of  such  estab- 
lishments may  be  estiniated  by  the  important  difference  in  the  mortality  of  the  epi- 
demics of  1741  and  1817;  one  in  every  25  persons  having  died  with  the  former,  and 
only  one  in  every  130  by  the  latter.  There  were  no  fever  hospitals  in  Ireland  or  else- 
where, until  the  commencement  of  the  present  century  (1800),  and  their  value  is  still 
further  proved  by  the  more  rapid  subsidence  of  fever  in  those  districts,  which  during 
the  late  calamity  were  adequately  supplied  with  these  establishments." 

It  became  a  custom  when  the  patient  was  carried  to  the  hospital,  to 
remove  all  his  clothing  and  to  heat  it  in  a  stove.  This  probably  did 
much  to  reduce  the  number  of  vermin.  In  insisting  upon  a  change  of 
clothing  the  physicians  met  with  much  opposition  on  the  part  of  their 
patients,  the  latter  asserting  that  the  change  was  likely  to  lead  them  to 
catch  cold.  On  this  point  Rogan  makes  the  following  interesting  state- 
ment: 

"The  bed  or  body  linen  was  seldom  changed,  even  among  those  who  had  the  means 
of  doing  so,  lest  the  patient  might  take  cold;  and  so  great  was  the  fear  of  damp,  that 
before  a  shirt  was  thought  fit  to  be  put  on  the  sick,  it  w^as  frequently  worn  for  a 
day  by  a  person  in  health. ' ' 

During  the  centuries  that  these  fevers  prevailed  so  extensively  in  Ire- 
land, many  of  the  inhabitants  were  extremely  poor  and  beggars  in  great 
numbers  swarmed  over  the  countiy.  The  inhabitants  deemed  it  a  dis- 
graceful thing  to  turn  one  of  these  beggars  from  their  doors  without 
having  divided  with  him  their  small  store  of  food,  and  permitting  him 
to  sleep  on  the  floor  if  night  overtook  the  beggar  while  making  his  call. 
In  the  great  epidemic  of  1817-1819,  in  some  sections  of  the  country  at 
least,  huts  along  by  the  hedges  w^ere  provided  for  these  wandering  men- 
dicants and  they  were  forbidden  to  approach  houses.  Those  among 
them  who  were  taken  ill  and  were  cared  for  in  these  improvised  huts 
did  quite  as  well  as  those  who  had  homes  in  which  they  were  treated, 
and  the  chronicler  states: 

"This  plan  was  advantageous  to  the  sick,  as  well  as  to  the  community.  The  former 
were  sheltered  from  the  rain,  whilst  they  were  exposed  freely  to  tlie  air,  and  recovered 
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in  greater  numbers  than  tliey  would  have  done  if  confined  in  close  cabins;  and  the 
convalescents  were  more  speedily  restored  to  strength  as  the  neighboring  inhabitants 
supplied  them  liberally  with  nourislunent,  in  order  to  compensate  for  the  apparent 
cruelty  of  denying  them  admittance  to  their  houses. ' ' 

The  epidemic  of  1817-1819  led  to  the  inspection  of  lodging  houses, 
the  reporting  of  cases  of  fever  occurring  in  such  places,  and  the  placard- 
ing of  houses  when  the  patients  were  not  removed  to  the  hospital. 

.Many  of  the  Irish  physicians  of  that  time  became  quite  convinced 
that  no  amount  of  filth,  so  long  as  the  specific  contagion  was  absent, 
would  give  rise  to  these  epidemic  fevers.  Chisholm  cites  an  instance  of 
a  village  in  which  much  slaughtering  of  animals  was  done  and  in  Avhich 
the  air  was  foul  and  offensive  and  yet  the  inhabitants  did  not  sulfer 
from  the  pestilence  which  prevailed  in  more  sanitary  places.  While 
many  of  the  procedures  now  employed  in  controlling  epidemics  had 
their  birth  in  the  Irish  agues,  so  far  as  we  can  ascertain,  no  one  up  to 
the  time  of  the  epidemic  of  1817-1819  suspected  vermin  as  the  distrib- 
utors of  the  disease. 

Rogan,  to  whom  was  set  the  task  of  controlling  the  progress  of  the 
epidemic  of  1817-1819  on  the  extensive  estate  of  the  Marquis  Abercorn 
in  the  north  of  Ireland,  has  left  striking  pictures  of  the  economic  dis- 
tress under  which  the  tenants  on  this  estate  suffered.     He  wrote: 

"On  visiting  the  houses  where  fever  prevailed,  I  found  some  of  them  in  a  state  of 
filth  beyond  anything  I  had  ever  witnessed.  That  in  which  the  disease  began  had  been 
occupied,  during  the  Avinter,  by  a  number  of  families,  who  had  come  from  the  moun- 
tains in  search  of  employment,  and  had  brought  with  them  no  furniture,  nor  any  bed- 
ding except  their  blankets;  each  room  was  rented  at  a  shilling  per  Aveek,  and  the 
tenant,  that  he  might  be  enabled  to  make  this  payment,  afforded  lodging  to  the  beg- 
ging poor  at  a  penny  per  night.  The  floors  and  staircase  were  covered  with  filth,  which 
had  been  accumulating  for  many  months.  The  straw  used  as  bedding,  Avhieli  had  not 
been  changed  for  a  great  length  of  time,  Avas  gathered  into  a  corner  of  the  room,  in 
the  morning,  and  spread  over  the  floor  at  night.  All  Avho  applied  for  lodguig  Avere 
received,  and  so  numerous  were  the  strangers  from  every  part  of  the  surrounding 
country,  that  20  or  more  often  lay  in  one  small  room.  To  protect  themselves  from 
the  cold,  every  crevice,  by  which  air  could  find  entrance,  was  carefully  closed.  The 
roof  was  in  such  bad  repair  that  the  floors  Avere  always  damp,  and  the  cellars  filled 
during  the  AAdnter  with  stagnant  water,  which  emitted  a  stench  so  offensive  as  to  be 
perceptible  at  a  considerable  distance.  *  ""  *  The  clothing  and  persons  of  those 
received  into  the  fever  hospital  proved  clearly  the  total  inattention  of  the  poor  with 
regard  to  these  points.  Their  bodies  Avere  often  so  bronzed  Avith  filth  that  the  natural 
color  of  the  skin  could  hardly  be  perceived.  Tlieir  hair  Avas  filled  Avith  vennin,  and 
the  smell  of  many  was  so  offensive,  as  to  render  it  a  very  disgaisting  office  on  the  part 
of  the  nurse-tenders,  to  free  them  from  the  accumulation  of  dirt  Avith  which  they 
were  loaded.  Their  clothing  Avas  often  in  so  foul  a  state  that  it  was  thought  more 
economical  to  destroy  it,  and  supply  its  place  A\dth  new,  than  to  attempt  cleansing  it, 
as  it  would  in  many  instances  not  have  been  Avorth  the  expense  of  Avashing.  This 
statement  is  applicable  in  the  fullest  extent  to  the  begging  poor,  Avho  formed  a  large 
proportion  of  the  patients  in  hospital;   but,  Avith  someAvhat  less  strength   of  coloring, 
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it  will  serve  for  most  of  those  received  into  that  institution,  except  in  the  instances 
of  servants  brought  there  from  the  houses  of  persons  of  respectability." 

Harty,  in  describing  the  epidemic  in  Dublin,  wrote : 

''From  an  inspection  made  during  the  prevalence  of  the  epidemic  of  the  state  of 
160  apartments  inhabited  by  the  poor,  it  appeared  that  there  were  only  105  beds,  occu- 
pied by  209  men,  319  women,  and  285  children!  Such  is  the  state  of  the  poor  of 
Dublin.     Surely  something  should  be  attempted  to  alleviate  this  wretchedness. ' ' 

Barker  and  Cheyne  wrote: 

"The  failure  of  the  crops  in  1816  was  not  much  felt  till  the  spring  of  the  fol- 
lowing year;  but  scarcity  then  becoming  general,  attained  its  greatest  height  about 
midsummer,  and  extending  to  all  the  productions  of  the  earth,  occasioned  extreme  dis- 
tress. In  some  places  the  poorer  classes  Avere  compelled  to  the  sad  necessity  of  col- 
lecting various  esculent  wild  vegetables,  nettles,  wild  mustard,  navew,  and  others  of 
the  same  kind  to  support  life;  and  in  places  distant  from  Dublin,  -wi-etched  beings  were 
often  seen  e^sploring  the  fields  with  the  hoj)e  of  obtaining  a  supply  of  this  miserable 
food.  In  districts  contiguous  to  the  sea,  various  marine  plants  were  had  recoiu'se  to 
for  the  purpose  of  allaying  the  cravings  of  hunger;  and  we  have  been  informed  tliat 
on  the  sea  coast  near  to  Ballyshannon,  many  of  the  poor,  during  several  months  at  this 
period,  subsisted,  either  chiefly  or  altogether,  on  cockles,  mussels,  limpets,  or  even  the 
putrefying  fish  they  could  procure  on  the  shore.  In  some  districts  seed  potatoes  were 
taken  up  from  the  ground,  and  the  hopes  of  the  future  year  thus  destroyed,  for  the 
relief  of  the  present  necessity;  and  the  blood  drawn  from  the  cattle  on  the  fields;,  and 
mixed  with  oatmeal,  when  this  could  be  procured,  has  not  infrequently  supplied  a  meal 
to  a  starving  family.  So  general  was  the  distress,  and  insufficient  the  supply  in  some 
distant  parts  of  the  country,  that  a  few  unhappy  sufferers  are  said  to  have  died  of 
absolute  want  of  food,  and  many  must  have  sunk  under  the  combined  impressions  of 
hunger,  damp,  cold,  and  the  anguish  of  mind  necessarily  attendant  on  sad  anticipation 
of  the  future.  *  *  *  When  fever  commenced  in  a  poor  family,  or  was  introduced 
by  a  stranger  or  lodger,  it  generally  extended  to  all  its  members.  The  poor  were  the 
chief  sufferers,  in  consequence  of  their  neglect  of  cleanliness,  particularly  with  respect 
to  their  clothing,  and  the  smallness  and  crowded  state  of  their  apartments,  evils  at 
this  time  much  increased  by  the  extreme  poverty  which  weighed  them  down.  On  the 
other  hand,  the  superior  classes,  whose  circumstances  were  different,  their  clothing 
more  frequently  changed,  their  persons  more  cleanly,  their  apartments  less  crowded 
and  better  ventilated,  and  among  whom  seclusion  from  the  sick  was  practiced,  in  pro- 
portion to  their  enjoyment  of  these  advantages  generally  escaped  the  disease.  And 
that  such  exemption  did  not  depend  on  any  other  causes  than  those  here  assigned,  is 
proved  by  the  great  suffering  of  persons  of  this  class  when  sufficiently  exposed  to 
contagion  by  communication  with  the  sick.  Thus  the  medical  attendants'  on  fever 
hospitals  and  dispensaries,  and  the  clergy,  more  especially  those  of  the  Eoman  Catholic 
church,  whose  duties  brought  them  into  contact  with  fever  patients,  were  very  general 
sufferers,   and  considerable  numbers  of  them  became  victims. ' ' 

During  tlie  fourth  decade  of  the  nineteenth  century  relapsing  fever 
was  widely  distributed  throughout  Scotland,  where  it  Avas  known  to 
physicians  as  typhus  mitior  and  to  the  laity  as  yellow  fever.  According 
to  Goodsir,  the  records  show  that  during  the  year  1842-1843,  672  cases 
of  yellow  fever  were  admitted  to  the  infirmary  at  Dundee,  with  only 
seven  deaths.      Of  course,  it  will  be  understood  that  the  term  ''yellow 
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fever"  as  liere  used  means  relapsing  fever  and  not  true  yellow  fever. 
Goodsir,  in  discussing  this  fever,  says : 

"The  fever  in  question  did  not,  as  far  as  my  own  observations  went,  and  from 
what  I  can  learn  from  others,  assume  a  remittent  form,  "but  was  continued  until  the 
period  of  its  cessation,  which  was  in  almost  every  case  sudden,  and  often  with  profuse 
perspiration.  We  had  also  almost  uniformly  the  relapses  noticed  in  other  places,  taking 
place  about  the  fourteenth  or  fifteenth  day,  and  generally  three  or  four  days  after  the 
cessation  of  the  fever.  These  relapses  did  not  in  general  remain  beyond  three  or  four 
days,  when  the  patient  again  became  convalescent.  In  several  instances  I  have  seen  a 
second  and  sometimes  even  a  third  relapse  before  the  patient  thoroughly  recovered. ' ' 

According  to  Orr,  there  were  at  least  40,000  individuals  in  Glasgow 
and  vicinity  infected  in  the  fever  epidemic  of  1843-1844.  At  the  time 
there  were  recognized  the  following  fevers:  (1)  Typhus;  (2)  continued 
fever  with  relapse;  (3)  common  continued  fever.  There  is  no  doubt 
that  these  fevers  were  often  mixed  in  making  a  diagnosis,  and  it  is  more 
than  probable  that  under  common  continued  fever  there  were  many 
cases  of  typhoid.  It  may  be  interesting,  however,  to  know  that  in  the 
Eoyal  Infirmary  of  Glasgow  the  death  rates  for  the  above  fevers  were 
as  follows:  Typhus,  11.7;  continued  fever  with  relapse,  3.7;  common 
continued  fever,  7.3'. 

Writing  in  1866  of  the  epidemic  fevers  in  Scotland,  Stark  said: 

"The  relapsing  fever  of  1841-1842,  which  constituted  from  a  third  to  a  half  of  the 
cases  in  that  epidemic,  was  by  many  considered  to  be  a  new  type  of  fever  which  had 
not  been  described  by  the  older  physicians.  This  was  simply  a  mistake.  It  was  no 
new  form  of  fever,  but  one  of  the  very  oldest  forms  of  fever  which  ravaged  this  coun- 
try and  Ireland  during  the  last  century,  and  Likely  for  centimes  before  that.  The 
dreadful  fahiine  fever  which  ravaged  Scotland  and  Ireland  a  century  and  a  quarter 
ago,  viz.,  from  1740-1742,  was  as  essentially  a  relapsing  feVer  as  the  notorious  recent 
famine  fever  of  Ireland  of  1846-1849,  for  it  is  recorded  of  the  cases  that  'the  patients 
were  subject  to  relapses  even  to  the  third  and  fourth  time.'  The  fevers  of  the  last 
century  were  described  too  imperfectly  to  enable  us  to  trace  how  often  this  form  of 
relapsing  fever  appeared  among  the  epidemics;  but  the  relapsing'  fever  was  recog- 
nized as  constituting  no  small  proportion  of  the  eases  in  the  epidemics  of  1798-1800, 
in  that  of  1810-1811,  in  that  of  1817-1820,  in  that  of  1826-1829,  in  that  of  1841-1842, 
in  that  of  1846-1849,  and  has  even  appeared  in  the  epidemics  at  present  prevailing 
over  Scotland.  Nay,  more,  according  to  the  accounts  AvhieJi  have  reached  us  from 
Russia,  it  constitutes  a  large  proportion  of  the  cases  of  tliat  virulent  ejjidemic  wliich 
is  at  present  devastating  that  country.  Here,  then,  we  have  the  same  type  or  form 
of  feVer  reproduced  again  and  again,  and  remaining  absolutely  unchanged,  dtmng  at 
least  a  century  and  a  quarter,  disappearing  for  a  few  years,  then  all  at  once  again 
constituting  no  small  proportion  of  the  cases  in  the  epidemic,  of  which  it  forms  a  most 
characteristic  part.  Tlais  relapsing  fever,  however,  did  not  cause  the  other  forms  of 
fever  with  which  it  was  associated,  to  change  their  types,  neither  did  it  absorb  all 
the  types  of  fever  in  these  several  epidemics.  Maculated  typhus,  as  it  was  then  called, 
maintained  its  character,  and  its  mortality,  as  absolutely  unchanged  in  the  epidemic 
of  1740-1742  as  it  did  in  the  epidemic  of  1S63-1S65,  and  as  far  as  can  be  traced  seemed 
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to  constitute  al)Out  the  same  pToportion  to  the  relapsing  fever  as  in  our  famine  fever 
of  1846-1849." 

We  have  made  this  extensive  quotation  because  it  is  interesting  not 
only  in  what  it  says  about  relapsing  fever  in  Scotland  and  Ireland,  but 
on  account  of  the  clear  statement  of  a  fact  which  we  have  taken  occa- 
sion repeatedly  to  emphasize,  and  that  is  the  unchanging  nature  and 
manifestations  of  epidemic  diseases  throughout  all  recorded  history. 
Eelapsing  fever  as  seen  today  among  the  starving  mujiks  along  the 
Volga  is  the  same  as  it  was  200  years  ago  among  the  peasants  of  Ireland. 

How  long  relapsing  fever  has  prevailed  in  Russia,  in  the  Balkan 
States,  Austria,  and  Germany,  no  one  knows.  The  probabilities,  however, 
are  that  the  insects  which  are  the  distributors  of  these  diseases  have 
been  occupants  of  these  regions  quite  as  long  as  have  the  human  hosts 
upon  which  they  feed.  In  all  probability,  as  long  as  man  has  been  a 
vermin-bearing  animal  the  race  has  not  been  free  from  relapsing  fever 
and  fluctuations  in  its  prevalence  have  been  determined,  largely  at 
least,  by  living  conditions.  Like  other  epidemic  diseases,  relapsing  fever 
has  from  time  to  time  and  at  irregular  intervals  extended  and  con- 
tracted alternately  its  geographical  boundaries,  taking  every  advantage 
of  opportunities  in  the  way  of  new  feeding  grounds  otfered  by  altera- 
tions in  the  habits  of  man.  From  1868  to  1872  relapsing  fever  came  very 
near  being  a  pandemic  and  it  was  during  this  period  that  Obermeier,  of 
Berlin,  discovered  its  specific  virus  in  the  form  of  a  spirochete.  Ober- 
meier's  first  observations  were  made  in  1868,  but  he  awaited  opportunity 
for  confirmation  and  did  not  publish  until  1873.  He  saw  in  drops  of 
blood  taken  from  patients  with  this  disease  numerous  rapidly  moving 
spirochetal  bodies.  This  discovery  was  soon  abundantly  confirmed  and 
since  that  time  the  detection  of  these  bodies  in  the  peripheral  blood 
during  a  pyrexial  attack  has  been  regarded  as  essential  to  positive 
diagnosis. 

The  first  to  recognize  relapsing  fever  in  this  country  was  Clymer, 
whose  clinical  acumen  is  shown  in  the  following  quotation: 

''In  June,  1844,  a  ship  arrived  at  Philadelphia  from  Liverpool  -with  Irish  emigrants, 
amongst  -whom  there  had  been  some  sickness  during  the  voyage.  Fifteen,  were  'sent 
to  the  Philadelphia  Hospital,  and  admitted  into  the  medical  wards  under  my  charge. 
They  were  suffering  from  continued  fever  of  a  kind  dift"erent  from  any  that  I  had  then 
seen.  I  thought  that  I  recognized,  by  the  published  histories,  the  kind  then  prevail- 
ing epidemically  in  Scotland  and  England,  and  which  had  appeared  in  those  countries 
in  1843.  The  correctness  of  my  conjecture  was  soon  established.  In  all  these  eases 
the  access  was  sudden,  with  severe  headache,  vomiting,  muscular  soreness  and  joint 
j)ains,  rapid  pulse,  hot  skin,  a  moist  tongue  with  a  creamy  gi-ey  or  yellowish  coating, 
and  red  tip  and  edges  (though  in  a  few  cases  the  tongue  and  mucous  membrane  of 
the  mouth  were  quite  dry  for  several  days),  enlarged  spleen,  no  constant  intestinal 
troubles,   and  no   eruption.     In  all  there  was   much   debility  from  the  outset,   and  the 
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face  had  a  peculiar  bronzed  tint,  like  that  of  persons  suffering  with  malarial  poisoning. 
About  the  seventh  day  defervescence  happened,  with  abundant  sweats;  the  appetite  be- 
came good,  the  expression  Avas  natural,  and  the  patient  apparently  entered  upon  con- 
valescence, though  still  complaining  of  muscular  weakness,  and  the  face  was  of  a  dusky 
yellowish  hue.  Near  to  the  fourteenth  day  a  second  paroxysm  suddenly  occurred,  in 
some  cases  with  all  the  acuteness  of  the  first,  and  lasting  for  five  or  six  days,  whilst 
in  others  it  was  slight,  and  passed  of£  in  thirty-six  or  forty-eight  hours.  So  far  as  I 
know,  there  were  no  instances  of  a  second  relapse.  I  saw  no  sequelae,  for  the  reason, 
perhaps,  that  patients  left  the  hospital  very  soon  after  the  establislunent  of  the  second 
convalescence.  None  of  the  house  physicians,  or  nurses,  or  other  patients  contracted 
the  fever,  and  the  only  evidence  I  had  of  its  possible  contagiousness  was  the  fact, 
that  two  sisters,  for  some  years  resident  in  Philadelphia,  being  admitted  with  the 
fever,  and  whose  brother  had  gone  from  the  ship  to  their  house,  and  there  been  taken 
ill.  Other  steerage  passengers  were  at  the  time  in  the  hospital,  complaining  of  chills, 
sweating,  aches,  headache,  debility,  etc.;  but  none  of  these  Avere  ever  fairly  down  with 
the  fever. ' ' 

From  1844  to  1869  there  are  short  references  by  American  clinicians 
to  a  disease  seen  in  Philadelphia,  New  York,  and  Buffalo,  which  undoubt- 
edly was  relapsing  fever,  and  which  was  observed  only  in  immigi-ants.  In 
the  last-mentioned  year  relapsing  fever  became  quite  prevalent  in  New 
York  and  Philadelphia  and  was  seen  not  only  among  immigrants,  but 
among  the  native  inhabitants.  The  most  instructive  report  of  that  time 
is  that  of  Parry,  who  wrote  a  valuable  paper  on  the  epidemic  as  it  ap- 
peared in  Philadelphia.  Parrj^'s  clinical  description  leaves  no  doubt  as 
to  the  correctness  of  his  diagnosis.  This  observer  agreed  with  Muirhead 
and  Bennett,  of  Scotland,  who  opposed  the  teaching  of  Murchison,  Begbie, 
and  Flint  that  starvation  is  an  essential  condition  in  the  development  of 
this  disease.  Murchison  had  gone  so  far  as  to  intimate  his  belief  that  the 
disease  originated  in  destitution  and  overcrowding,  as  the  following  quo- 
tation indicates : 

"The  poison  of  typhus  is  generated  by  overcrowding,  and  destitution  favors  its 
extensive  propagation;  that  of  relapsing  fever  is  more  intimately  connected  with,  if  it 
is  not  generated  by  destitution,  and  is  propagated  by  overcrowding." 

Parry  showed  that  there  was  no  starvation  or  even  scarcity  of  food 
among  the  patients  seen  by  him  in  Philadelphia  in  1869.  He  gave  most 
convincing  proof  that  relapsing  fever  is  due  to  infection.  He  wrote  as 
follows : 

"That  relapsing  fever  is  contagious  can  hardly  be  doubted.  It  has  already  been 
stated  that  in  several  cases  the  nurses  and  patients  occupied  the  same  bed  at  night. 
Tills  was  allowed  because  the  disease  was  at  that  time  thought  to  be  remittent  fever. 
In  no  instance  of  this  kind  did  the  nurse  escape,  while  other  members  of  the  same 
family  did  not  so  surely  suffer.  If  the  apartment  occupied  by  persons  sick  with  it  be 
of  good  size  and  well  ventilated,  it  appeared  that  they  might  be  visited  with  impunity. 
Patients  may  be  admitted  to  a  healthy  family  among  the  better  classes,  or  into  the 
wards  of  a  Avell-ventilated  hospital,  without  propagating  the  disease.  *  *  *  On 
the  other  hand,  small  breathing  space  and  imperfect  ventilation  are  followed  by  rapid 
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spread  of  the  fever,  so  that  the  whole  family  may  have  to  be  transported  to  a  hospital 
in  order  to  be  nursed." 

The  first  case  in  wliicli  tlie  spirochete  was  found  in  the  blood  reported 
in  this  country  is  that  of  Carlisle  (1905).  The  patient  was  a  steward  on  a 
steamer  plying  between  New  York,  Galveston,  and  Key  West.  Carlisle  turned 
over  the  study  of  the  spirochete  in  this  case  to  Norris,  Pappenheimer,  and 
Flournoy,  These  men  interested  Novy  and  Knapp  and  from  these  studies 
a  most  important  contribution  to  our  knowledge  of  the  spirochetes  of  the 
relapsing  fevers  resulted.  Up  to  that  time  it  had  been  held  by  some  that 
the  spirochete  of  relapsing  fever  is  a  protozoan  and  not  a  bacterium.  This 
belief  had  the  weighty  support  of  Schaudinn,  the  discoverer  of  the  spiro- 
chete of  syphilis.  Novy  and  Knapp  demonstrated  that  the  spirochetes  of 
this  disease  are  bacteria  and  not  protozoa ;  that  the  organisms  present  in 
"onset"  blood  may  be  kept  alive  in  vitro  for  forty  days,  while  those  in 
' '  decline ' '  blood  rapidly  die  out  on  account  of  the  presence  of  a  germicidal 
substance ;  that  in  addition  to  man  and  monkeys,  white  mice  and  rats  may 
be  infected  and  there  is  no  relapse  in  rats;  that  in  ''decline"  and  in 
"recovered"  blood  there  is  a  powerful  specific  germicidal  body  which  does 
not  originate  after  the  blood  is  drawn,  but  exists  within  the  living  animal ; 
that  there  is  also  present  in  the  body  an  immunizing  agent  distinct  from 
the  germicidal  substance ;  that  Pf eiffer  's  phenomenon  can  be  demonstrated, 
both  in  vitro  and  in  vivo;  that  active  immunity  follows  recovery  from  in- 
fection ;  that  passive  immunity  can  be  secured  by  injections  of  hyper- 
immunized  blood;  that  both  active  and  passive  immunity  ma}^  last  for 
months ;  that  immunity  may  be  hereditary  as  a  result  of  infection  in 
utero;  that  in  rats,  mice,  and  monkeys  preventive  inoculations  can  be 
successfully  made ;  that  the  agglutination,  germicidal,  and  immunizing 
properties  of  "recovered"  blood  can  be  used  in  the  serodiagnosis  of  re- 
lapsing fever ;  that  the  tick  fever  of  Africa  is  distinct  from  the  relapsing 
fever  of  Europe;  that  the  spirillum  of  the  relapsing  fever  of  Bombay  is 
apparently  different  from  those  of  the  relapsing  fevers  of  Europe  and 
Africa;  that  the  evidence  points  to  the  existence  of  a  group  of  relapsing 
fevers,  and  that  the  transmission  of  spirilla  diseases  by  insects  and  the 
congenital  infection  of  mammals  and  eggs  of  insects  are  properties  which 
up  to  the  present  time  have  been  regarded  as  characteristic  of  protozoa 
but  are  now  shown  to  be  shared  by  this  group  of  bacteria.  They  were 
the  first  to  show  that  spirochetes  are  filtrable.  Besides  demonstrating  the 
above-mentioned  fundamental  facts  concerning  the  spirochetes  of  relapsing 
fevers,  Novy  and  Knapp  wrote  in  1906 : 

"Yellow  fever  pi*esents  a  marked  analogy  to  the  spirilla  infections  and  it  is  not 
improbable  that  the.  cause  of  this  disease  will  be  found  to  belong-  to  this  group  of 
organisms. ' ' 

As  we  now  know,  this  prophecy  has  been  justified  by  the  Avork  of  Noguehi. 
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Recently  (1915-1918)  interesting-  reports  have  come  from  Header  and 
Waring  concerning  endemic  relapsing  fever  in  Colorado.  Header  reported 
five  indigenous  cases,  in  two  of  which  the  spirochete  was  demonstrated 
in  the  blood,  while  Waring  reported  one  case  with  like  demonstration. 
These  reports  raised  the  question  as  to  the  nature  of  the  insect  in  Colo- 
rado which  may  transmit  this  disease.  Header  found  that  a  band  of 
gypsies  had  stopped  at  the  tent  where  his  patients  resided  in  Bear  Creek 
Canyon,  and  he  thinks  that  these  vagrants  may  have  left  in  that  locality 
infected  body-lice.  Waring 's  single  case  came  from  the  same  locality  in 
which  Header  found  his,  and  the  former  raises  the  question  as  to  the  pos- 
sibility of  infected  lice  continuing  in  this  locality  for  two  or  three  years. 

Further  details  in  the  history  of  the  relapsing  fevers  will  follow  in  the 
discussions  of  the  several  varieties.  The  time  will  probably  come  when 
these  will  be  grouped,  either  b}^  the  spirochete  which  constitutes  the  virus, 
or  by  the  insect  which  serves  in  its  transmission,  but  at  present  it  seems 
best  to  follow  other  authors  and  classify  the  relapsing  fevers  according  to 
their  geographical  distribution. 

African  Relapsing  Fever. — The  specific  spirochete  found  in  this  form 
of  relapsing  fever  has  been  named  S.  duttoni  by  Novy  in  honor  of  Button 
who,  while  engaged  in  the  study  of  this  disease  in  Africa,  became  infected 
and  died.  Cook,  in  Uganda,  in  1902,  probably  saw  the  spirochetes  but 
mistook  them  for  flagellating  malarial  parasites.  The  spirochete  of  East 
African  fever  w^as  designated  by  Nov}^  as  S.  kochi.  S.  duttoni  infects 
man,  monkeys,  and  small  rodents.  It  has  been  found,  experimentally, 
that  the  period  of  incubation  runs  from  seven  to  ten  days.  The  duration 
of  the  first  pyrexial  attack  averages  three  days.  The  apyrexial  stages 
vary  from  one  to  eight  days.  The  course  of  the  infection  is  severe,  and 
in  man  there  may  be  as  many  as  four  or  five  relapses.  The  distributor  is 
a  tick,  Omithodoros  moubata,  which  is  widely  distributed  over  middle  and 
southern  Africa,  It  seems  that  Nabarro  was  the  first  in  Uganda  to  recog- 
nize in  1903  a  spirochete  in  human  blood,  but  on  account  of  the  delay 
in  his  publication,  priority  is  given  to  Eoss  and  Hilne  and  to  Button  and 
Todd,  who  reported  their  observations  in  1904  and  1905  respectively.  But- 
ton and  Todd  incriminated  the  tick  immediately,  as  is  shoM^n  by  the  title 
of  their  report,  "The  Nature  of  Human  Tick  Fever  in  the  Eastern  Part 
of  the  Congo  Free  State."  In  1918  Hanson  and  Thornton,  after  making 
examinations  of  members  of  almost  every  tribe  in  East  and  West  Africa, 
reported  on  1,500  cases.  They  found  Ornithodoros  moubata  in  areas  in 
which  relapsing  fever  occurs ;  on  the  other  hand, 

"camps  and  areas  which  did  not  contain  O.  moubata  never  yielded  any  cases  of  relaps- 
ing fever,  the  single  exception  being  a  case  of  a  Avhite  British  rank,  who  contracted 
the  disease  after  only  three  weeks  residence  in  East  Africa,  all  of  which  time  he  spent 
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at  a  camp  near  tlie  sea.     Here  thorougli  search  failed  to  reveal  ticks,  and  tlie  manner 
of  his  infection  must  remain  a  mystery." 

Tliey  make  the  following  statements  concerning  0.  moiibata : 

"These  ticks  are  extremely  resistant  to  heat  and  to  germicides,  and  appear  to  bo 
jible  to  exist  for  very  long  periods  deprived  of  food  and  air.  We  have  had  some  speci- 
mens without  food  in  test  tubes  sealed  ■with  paraffin  wax  for  over  nine  months,  which 
are  still  alive,  and  a  case  has  been  quoted  to  us  of  ticks  remaining  alive  in  a  bottle 
for  four  years  without  food.  Their  habitat  is  essentially  the  loose  sand  of  the  floors 
of  the  native  houses;  when  the  floors  are  beaten  hard,  they  are  usually  found  in  the 
earth  around  the  poles  supporting  the  house,  as  owing  to  the  action  of  the  Avind  on 
these  poles  the  earth  immediately  around  them  becomes  slightly  loose;  we  ha^-e  seldom 
found  them  at  a  depth  greater  than  six  inches,  either  in  the  soil  or  around  the  poles. 
Statements  to  the  effect  that  ticks  were  to  be  found  in  banda  roofs  in  Dar-es-Salaam 
proved  to  be  without  foundation  as  far  as  we  could  ascertain.  Prolonged  search  of 
many  roofs  in  the  Military  Labor  Corps  area  produced  nothing  but  a  varied  collection 
of  fleas,  lice,  etc.  Ticks  manifest  great  antipathy  to  light,  remaining  in  the  sand 
throughout  the  day,  and  only  appearing  to  feed  on  the  inmates  of  the  house  at  idght; 
the  presence  of  a  lamp  even  appears  to  afford  a  considerable  amount  of  protection. 

"Eggs  are  deposited  in  the  sand;  from  observations  on  ticks  kept  in  test  tubes,  it 
would  appear  that  each  tick  lays  some  one  hundred  to  three  hundred  eggs,  in  batches 
at  short  intervals;  these  eggs  hatch  out  into  ticks  after  an  interval  of  about  sixteen 
days;  the  nymphs  are  complete  replicas  of  the  full-grown  insect,  except  that  they  are 
of  a  light  brown  color  and  have  relatively  longer  legs;  they  possess  four  pairs  of  legs 
from  the  moment  of  hatching  out.  As  regards  the  ticks  collected  from  various  areas, 
between  six  and  seven  hundi-ed  were  examined  microscopically  and  of  these  twenty-nine 
per  cent  were  found  to  be  infected  with  S.  duttoni.  Taken  generally  those  collected 
from  different  camps  all  showed  much  the  same  percentage  of  infection,  with  the  excep- 
tion of  those  obtained  from  the  West  African  Carrier  Depot,  Dar-es-Salaam,  a  camp 
which  yields  a  particularly  small  number  of  ticks  proportionate  to  the  number  of  cases 
of  tick  fever  occurring;  these  ticks  were,  however,  very  heavily  infected,  no  less  than 
fifty-five  per  cent  harboring  the  spirillum.  It  is  highly  probable  that  our  estimates  of 
the  percentage  of  infection  are  considerably  on  the  low  side,  as,  owing  to  the  numbers 
to  be  dealt  with  and  the  dearth  of  skilled  assistance,  only  a  comparatively  cursory  ex- 
amination could  be  given  to  eacli  slide  (the  Germans  are  reputed  to  have  found  over 
fifty  per  cent  of  ticks  infected  along  the  main  caravan  routes  of  German  East  Africa). 
A  number  of  eggs  were  also  examined  microscopically  for  spirilla,  all  with  negative 
results. ' ' 

Koch  found  spirilla  in  the  eggs  of  the  Ornithodoros  in  East  Africa. 

According  to  Button  and  Todd,  0.  moubata  is  greenish-brown  in  color, 
and  the  female  is  about  8  mm.  in  length  and  6  mm.  in  breadth.  In  its 
habits  it  resembles  the  common  bedbug,  living  largely  in  native  huts,  hid- 
ing during  the  day  in  cracks  in  the  wall  and  in  the  thatched  roofs.  It 
feeds  slowly  and  may  remain  attached  to  its  host  for  two  or  three  hours. 
When  replete  with  food  its  bod}^  may  be  distended  to  the  size  of  a  cherry. 
It  attacks  both  man  and  beast,  and  a  meal  of  blood  seems  to  be  favorably 
connected  with  the  deposition  and  hatching  of  the  eggs.  These  ticks  may 
be  carried  long  distances,   especially  in  blankets  and  tent   equipage.     It 
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seems  quite  certain  that  the  tick  does  not  inject  the  spirochete  into  tlie 
body  while  it  is  biting.  While  engaged  in  feeding  it  deposits  its  fecal 
material  on  the  skin  and  inoculation  results  from  scratching.  There  is, 
however,  some  difference  of  opinion  concerning  this  matter. 

In  case  of  the  louse,  Nicolle  and  his  coworkers  have  supplied  convincing 
evidence  that  the  virus  is  not  transmitted  in  biting. 

It  is  still  a  question  whether  African  relapsing  fever  is  distributed  by 
any  other  insect  than  0.  moubata.  Nearly  all  African  huts  are  occupied 
by  great  numbers  of  insects,  which  vary  in  kind  and  number  in  different 
localities.  Chiggers,  bedbugs,  fleas,  and  lice,  sometimes  one,  sometimes 
two  or  more,  of  these,  are  found  everywhere,  but  their  distribution  seems 
to  bear  no  direct  relation  to  that  of  relapsing  fever.  Furthermore,  al- 
though frequent  microscopic  examinations  of  the  contents  of  these  vermin 
have  been  made,  the  spirochete  has  never  been  found  in  them.  There  is 
another  tick,  0.  savignyi,  the  geographical  distribution  of  which  over- 
laps in  some  places  that  of  0.  moubata,  and  it  may  be  proved  that  this 
insect  serves  as  an  auxiliary  to  its  near  relation  in  the  distribution  of 
the  spirochetes.  0.  savignyi  has  eyes  and  is  diurnal  in  its  habits,  while 
0.  moubata  is  blind  and  commits  its  depredations  only  by  night. 

European  Relapsing'  Fever. — The  spirochete  causing  this  disease  is 
that  discovered  by  Obermeier  and  is  known  as  S.  obermeieri  or  S.  recur- 
rentis.  It  is  infective  to  man  and  monkeys  and  to  small  rodents  only 
after  passage  through  monkeys.  In  man  the  incubation  period  is  about 
seven  daj^s;  the  first  pyrexia!  attack  continues  for  about  the  same  time  or 
a  little  less.  The  first  apyrexial  intermission  lasts  from  seven  to  ten  days 
and  there  are  two,  possibly  three  or  more,  relapses.  Its  distributors  are 
lice,  P.  hnmanus,  possibly  P.  capitis,  and  the  bedbug,  Cimex  lectularius. 
When  a  louse  which  has  bitten  an  infected  person  is  examined  from  time 
to  time,  it  is  found  that  the  spirochete  disappears  from  the  alimentary 
canal  after  about  four  days  but  reappears  in  the  excretory  passages  about 
the  ninth  day.  Even  when  the  spirochete  cannot  be  detected  microscopic- 
ally in  any  part  of  the  louse  the  presence  of  this  organism  in  the  insect 
can  be  demonstrated  by  inoculation.  It  is  not  believed  that  the  infected 
louse  infects  an  individual  directly  while  feeding,  but  that  infection  re- 
sults from  the  crushing  of  the  insect  in  scratching.  It  maj'^  be  said,  how- 
ever, that  Rocha  Lima  has  transferred  relapsing  fever  to  a  volunteer  under 
conditions  which  rendered  infection  through  the  feces  impossible.  This 
disease  has  been  known  in  every  part  of  Europe  from  Archangel  in  the 
north  to  Constantinople  and  Rome  in  the  south.  It  is  at  present  (1922) 
endemic  in  southern  Russia  and  is  occasionally  brought  to  America  by 
immigrants,  especially  those  from  southern  and  southeastern  Europe. 
Since  insects  serving  as  distributors  in  this  disease  are  carried  on  the 
body  and  in  the  clothing,  this  form  of  relapsing  fever  may  appear  in  any 
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part  of  the  world  visited  by  one  bearing  tlie  infection.  It  has  been  seen 
so  frequently  in  northern  Africa  that  it  is  sometimes  designated  as  North 
African  fever. 

Persian  Relapsing-  Fever. — This  form  of  relapsing  fever  seems  to  be 
indigenous  to  northern  Africa,  Palestine,  and  Persia.  The  spirochete  is 
knov^n  as  S.  berberum.  It  is  infective  to  man  and  monkey.  The  period  of 
incubation  in  man  is  widely  variable.  The  first  pyrexial  attack  lasts  from 
two  to  eight  days  and  after  irregular  intervals  is  likely  to  be  followed  by 
two  or  three  relapses.  Its  distributor  is  a  tick,  Argas  persicus.  This 
insect  is  widely  distributed,  being  found  on  every  continent.  Its  habits 
are  practically  those  of  the  bedbug.  It  lives  in  the  house,  hides  in  cracks 
in  the  walls  and  floors,  behind  pictures,  and  elseAvhere  during  the  daytime 
and  seeks  a  feeding  place  at  night. 

This  form  of  relapsing  fever  is  sometimes  known  as  Mianeli  fever,  from 
a  small  village  in  Persia  which  has  long  had  an  evil  reputation  on  account 
of  the  prevalence  of  this  disease.  In  old  Persian  literature  there  are  some 
interesting  stories  concerning  Mianeh  and  its  dangerous  bug.  It  is  said 
that  this  village  has  had  this  undesirable  inhabitant  from  time  imme- 
morial. During  the  winter  it  lies  dormant,  but  springs  into  full  life  and 
activity  as  warm  weather  comes  on.  It  is  claimed  that  the  bug  has  estab- 
lished a  truce  with  the  native  inhabitants  and  no  longer  feeds  upon  them, 
but  that  it  wages  a  cruel  war  against  the  stranger  and  a  visitor  who  spends 
the  night  within  the  gates  of  this  city  may  receive  a  mortal  wound.  Stories 
are  told  of  visitors  who  have  contracted  the  disease  and  have  died  in 
great  agony  within  24  hours.  However,  Harold  visited  this  region  "with 
English  soldiers  in  1919  and  some  of  his  party  became  infected  with  this 
disease.    He  gives  the  following  description  of  the  spirochete : 

''The  spirochete  may  be  said  to  be  longer,  a  little  coarser  than  the  Indian  variety 
and  its  spirals  are  more  regular  and  deeper,  the  Indian  spirochete  being  less  regTilar 
and  possessing  open  flexures.  Its  length  without  showing  divisional  characters  aver- 
ages from  18  to  22  microns  and  short  forms  are  rarely  seen.  On  one  slide  a  spirochete 
35  microns  in  length  was  seen  by  me  without  any  attempt  at  division  being  Aasible  in 
the  protoplasm.     Figi7res  of  eight  and  loop  forms  are  met  with." 

Harold  writes  as  follows  concerning  this  type : 

' '  In  this  Persian  type  of  relapsing  fever  the  first  attack  of  fever  may  last  anything 
from  one  to  five  days,  usually  three  days,  and  the  temperature  of  the  patient  is  rarely 
as  steady  as  in  the  Indian  variety,  the  chart  showing  a  very  smnging-  type  of  fever 
with  remissions  Avhich  may  touch  tlie  normal  line.  Profuse  sweating  accompanies  the 
fall  of  temperature.  The  first  aj)yrexial  period  may  be  anything  from  one  to  five  daj^s 
and  is  usually  two  days.  The  subsequent  relapses  rarely  exceed  forty-eight  hours  in 
duration  and  may  last  twelve  hours  only.  They  take  place  at  fairly  frequent  but  ir- 
regular intervals,  the  period  of  apyrexia  getting  longer  as  the  disease  progresses.  The 
largest  number  of  relapses  noted  by  us  was  seven  and  these  occurred  within  a  period 
of  forty-two  days.  In  all  proba^bility  many  more  would  have  been  recorded  if  the  dis- 
ease in  all  cases  had  not  been  cut  short  by  the  administration  of  neosalvarsan.     During 
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the  course  of  the  disease  the  patient  becomes  progressively  Avealver,  anemic,  debilitated 
and  wasted.  Splenic  and  hepatic  enlargement  is  usual.  Between  the  relapses  the 
patient  feels  well  and  is  cheerful.  Bronchitis  and  epistaxis  were  observed  in  two  of 
the  cases  and  jaundice  in  one  case  only.  The  swinging-  in'egialar  type  of  fever  with 
short  and  irregular  apyrexial  periods  and  numerous  relapses  is  diagnostic  of  the  Per- 
sian variety  and  in  this  it  is  comparable  to  African  rela]3sing  fever,  which  is  also  tick 
borne." 

A  louse-borne  relapsing  fever  lias  been  reported  by  Sinton  from  Meshed 
in  northeastern  Persia.  Spirochetes  were  detected  in  the  lice  and  delonsing 
stopped  the  epidemic.  There  were  no  fatalities  among  31  cases.  Relapsing 
fever  has  been  long  known  in  northern  China  and  this  disease  played  an 
important  role  in  the  late  (1921)  famine.  It  also  occurs  in  southern 
China,  Tonkin,  and  Madagascar. 

Indian  Relapsing  Fever. — The  spirochete  responsible  for  this  disease  is 
S.  carteri.  It  is  easily  transmissible  to  monkeys  and  from  monkey  to 
monkey,  and  in  this  passage  its  virulence  seems  to  be  increased.  The  dis- 
ease is  more  severe  than  the  European  variety  and  a  considerable  per- 
centage of  the  deaths  occur  in  the  first  attack.  As  a  result  of  this,  clinical 
diagnosis  is  rendered  difficult  and  uncertain  and  search  for  the  spirochete 
in  the  blood  is  desirable.  The  incubation  period  is  placed  at  about  seven 
days.  The  first  pyrexial  attack  lasts  from  five  to  seven  days,  and  the 
apyrexial  intermissions  run  from  five  to  fourteen  days.  Transmission  is 
affected  through  the  louse,  P.  humanus,  and  through  the  bedbug,  Cimex 
hemipterus. 

That  relapsing  fever  is  indigenous  to  India  is  believed  to  be  true  by 
Chevers  and  others  who  have  gone  minutely  into  this  subject.  Jamieson 
has  left  a  description  of  an  epidemic  in  India  in  1816  in  which  he  states 
that  relapses  were  common  and  that  the  disease  was  not  malaria,  as  was 
demonstrated  by  the  fact  that  preparations  of  Peruvian  bark  had  no  effect 
upon  it.  Lyall  described  an  Indian  epidemic  in  1852,  and  this  description 
has  been  epitomized  by  Chevers  as  follows : 

' '  It  was  epidemic,  it  was  distinctly  contagious,  it  Avas  extremely  prevalent,  out  of 
226  houses  in  one  village,  131  were  found  to  have  been  visited  by  the  disease;  and  of 
the  949  inmatesi  of  these  houses,  411  (or  nearly  one-half)  were  attacked  by  it.  Tliis 
fever  presented  a  characteristic  in  which  the  relapsing  fever  of  India  has  generally 
been  found  to  differ  from  that  of  Europe — it  Avas  very  destructive  to  life, — out  of  410 
attacked,  125  had  died,  and  126  remained  sick  when  the  report  was  made.  *  *  " 
The  most  remarkable  feature  in  this  complaint  is  its  tendency  to  relapse  from  two  to 
ten  days  after  the  subsidence  of  the  previous  attack,  without  any  irregularity  on  the 
part  of  the  patient,  in  the  way  of  exposure  or  diet,  to  account  for  it.  These  relapses 
are  always  attended  with  great  derangement  of  the  bowels,  and  often  seem  to  depend 
upon  a  low  degree  of  gastroenteritis.  A  large  number  of  people  are  carried  off:  from 
the  chronic  dysentery  arising  from  this  cause.  The  convalescence  in  all  is  remarkably 
slow,  and  many  months  are  always  necessary  before  their  health  becomes  anything  like 
reestablished. ' ' 
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111  1877  there  was  a  severe  epidemic  in  western  India  and  Carter,  tlien 
stationed  at  Bombay,  demonstrated  the  presence  of  the  spirochete  in  the 
blood,  and,  finally,  in  1882,  published  his  book  on  spirillum  fever,  which 
has  become  a  classic.  Carter  gives  the  following  description  of  conditions 
existing  at  that  time  in  Avestern  India: 

"This  year  (1877)  ■witnessed  the  severest  sufferings,  and  descriptions  liave  been 
published  by  eye  witnesses  of  the  prevalent  distress,  in  terms  which  would  be  difficult 
to  surpass.  Cattle  died  of  starvation  and  the  fields  went  unfilled;  there  was  no  food 
but  what  was  imported,  and  every  sort  of  edible  plant  was  consumed;  even  water  to 
drink  was  often  scarce.  The  aspect  of  the  parched  land  in  the  eastern  areas  was  com- 
pared to  that  of  a  desert,  with  a  sky  of  gloom.  Houses  or  whole  villages  were  aban- 
doned, and  cherished  personal  ornaments  were  given  up  for  coinage  in  large  quantities 
by  the  better  class  of  ryots.  MigTations  further  extended,  but  many  of  the  infirm, 
poorer,  and  low  caste  Avould  not  leave  their  houses,  though  confronted  with  the  pros- 
pect of  death  from  privation.  Whilst  facilities  for  the  importation  of  grain,  with 
means  of  direct  public  aid,  were  liberally  afforded  by  the  authorities,  and  private 
charity  abounded,  yet  it  would  seem  impossible  to  concur  in  the  view  that  at  this  time 
only  a  few  persons  died  of  actual  Avant ;  and  how  many  thousands  of  all  ages  sank 
under  the  consequences  of  prolong-ed  starvation,  has  never  been  adequately  estimated." 

Carter  showed  that  the  spirochete  is  alwa.ys  present  in  the  blood  during 
the  pyrexial  stage  but  disappears  during  the  intermission.  This  led  him 
to  make  the  following  remarks : 

"Thei*e  is  always  present  and  commonly  manifested  a  tendency  of  the  disease  (as 
estimated  by  fever)  to  recur  at  definite  periods;  the  successive  recurrences  becoming 
briefer  and  separated  by  longer  intervals.  Recollecting  the  circumstance  (which  may 
be  termed  a  biological  fact),  that  each  apyretic  intei*\-al  is  strictly  the  incubation 
X^eriod  of  the  following  febrile  event — the  tAvo  forining  a  complete  cycle,  it  Avill  be 
found  that  these  inclusive  phenomena  of  a  complete  relapsing  attack  present  a  certain 
order,  which  cannot  be  regarded  as  accidental.  Tliough  abnormally  placed  in  the  blood, 
the  spirillum  as  a  living  plant  must  be  suxDposed  to  retain  something  of  that  jjeriodical 
order  of  growth  Avhich  belongs  to  the  vegetable  kingdom ;  and  since  it  first  appears, 
and  then  reappears,  solely  in  connection  with  the  febrile  stages  of  disease,  the  infer- 
ence becomes  inevitable,  that  the  jjeriodic  recurrence  of  fever  is  intimately  associated 
with  corresponding  growth  stages  of  the  x>arasitic  organism.  From  this  point  of  view, 
the  tolerably  regular  succession  of  relapses  becomes  comprehensible;  and  since  in  the 
blood  is  not  the  natural  habitat  of  the  spirillum  (as  is  shown  by  its  more  or  less  rapid 
decay),  it  would  be  sufficient  to  establish  its  association  with  the  morbid  phenomena, 
if  a  moderately  exact  conformity  in  time  be  made  api^arent. ' ' 

It  may  be  injected  here  that  Carter  believed  the  spirochete  to  be  a  bac- 
terium and  it  was  so  regarded  until  the  false  teaching  of  Schaudinn  led 
to  the  belief  that  it  is  a  protozoan.  The  researches  of  Novy  ted  to  a  return 
to  a  belief  in  the  bacterial  nature  of  this  organism,  as  was  held  by  Carter 
quite  forty  j^ears  ago. 

Carter  inoculated  monkeys  with  fresh  blood,  with  dried  blood,  and 
with  the  saliva  of  patients.  The  first,  or  the  fresh  blood,  proved  to  be 
infectious  to  monkeys,  wliile  inoculations  witli  dried  blood  and  with  saliva 
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were  negative.  It  is  interesting  to  note  that  the  animals  inoculated  with 
the  saliva  of  patients  died  of  a  sejiticemia,  undoubtedly  due,  as  was  after- 
wards demonstrated  by  Sternberg,  to  the  almost  universal  presence  of  the 
pneumocoecus  in  the  secretions  of  the  mouth. 

Carter  called  attention  to  the  fact  that  this  disease  may  be  acquired  at 
autopsy.  He  himself  had  two  attacks  at  an  interval  of  about  two  years, 
and  it  may  be  well  for  us  to  state  here  that  the  agency  in  the  transmission 
of  this  disease  is  not  necessarily  an  insect.  There  have  been  several  cases 
of  laboratory  infection  with  the  spirochetes  and  the  greatest  care  is  neces- 
sary in  handling  these  organisms  in  the  laboratory  and  in  avoiding  infec- 
tion at  autopsy.  It  should  be  plainly  understood  that,  although  Carter 
recognized  the  fact  that  the  prevalent  famine  increased  the  death  rate,  no 
amount  of  destitution  could  originate  the  disease  and  that  famine  is  not 
an  essential  condition  in  causing  epidemics.  Like  other  infectious  dis- 
eases, relapsing  fever  is  favored  in  its  development  and  spread  by  any 
condition  which  brings  large  numbers  of  individuals  into  close  contact, 
and  quite  naturally,  when  the  crowding  is  due  to  destitution  the  more  inti- 
mate will  it  be  and  the  more  favorable  will  be  the  conditions  for  the  dis- 
semination of  the  virus. 

American  Relapsing-  Fever. — We  have  already  given  the  history  of  the 
first  detection  of  the  spirochete  in  the  blood  in  the  United  States  by  Car- 
lisle and  of  the  researches  made  upon  this  organism  by  Novy  and  Knapp. 
This  spirochete  has  been  designated  by  Schellack  as  S.  novyi.  It  induces 
in  man  a  mild  form  of  the  disease,  but  is  more  severe  in  experimental 
animals.  It  is  transmissible  from  man  to  monkey,  from  monkey  to  monkey, 
and  from  mouse  to  mouse.  In  man  there  is  rarely  more  than  one  relapse. 
The  incubation  period  varies  from  five  to  seven  days.  The  first  pyrexial 
attack  lasts  about  the  same  time  and  the  apyrexial  intermission  continues 
from  seven  to  ten  days.  It  is  believed  to  be  transmitted  by  the  louse,  but 
further  data  are  needed  on  this  point.  In  rare  cases  this  form  of  the  dis- 
ease, even  in  man,  is  severe  and  there  may  be  hemorrhages  from  the 
nose,  stomach,  bowels,  or  kidney.  How  widely  this  organism  is  distributed 
we  do  not  know.  As  we  have  stated  in  giving  the  historj^,  relapsing  fever 
was  recognized  by  Clymer  in  this  country  in  1844,  but  that  was  among 
emigrants  from  Ireland  and  it  is  not  at  all  probable  that  the  species  caus- 
ing the  infection  at  that  time  is  other  than  S.  obermeieri. 

In  1908  Darling  reported  relapsing  fever  on  the  Canal  Zone,  and  in 
1921  Bates,  Dunn  and  St.  John  saw  this  disease  in  two  groups  of  boys, 
who,  at  different  times,  had  slept  in  a  Chinaman's  hut.  The  ticks,  identi- 
fied as  0.  talaye,  were  found  in  the  bed  and  volunteers  inoculated  with 
macerations  of  these  bugs  developed  relapsing  fever  with  the  spirochetes 
in  their  blood. 

Prevention  and  Eradication. — It  must  be  evident  from  what  has  been 
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said  that  in  attempts  to  prevent  and  to  eradicate  relapsing  fever  we  must 
give  especial  attention  to  those  insects  active  in  its  distribution.  It  fol- 
lows, therefore,  that  the  methods  of  procedure  will  vary  with  the  agent  of 
transmission,  whether  it  be  a  louse,  a  bedbug,  a  tick,  or  possibly  other 
insects.  In  the  chapter  on  typhus  fever,  we  have  gone  into  some  detail 
concerning  effective  methods  of  delousing  and  these  will  not  be  repeated 
here.  When  the  incriminated  insect  is  a  bedbug,  methods  for  stamping 
out  the  disease  must  be  quite  different  from  those  employed  when  it  is  a 
louse.  The  bedbug  is  inclined  to  live  during  the  daytime  in  cracks  in  the 
floors  and  walls  and  at  night  it  seeks  the  occupant  of  the  bed.  Where 
wooden  bedsteads  are  used,  these  pests  may  be  found  during  the  daytime 
in  the  cracks  and  joints  of  the  bed  where  they  may  be  easily  detected  and 
destroyed.  As  we  know  from  personal  experience  in  traveling  through 
Russia  20  years  ago,  in  the  houses  of  the  mujiks  and  in  all  hotels 
frequented  by  these  people  bedbugs  were  present  in  great  numbers. 
They  overflowed  all  the  cracks  in  the  walls  and  could  frequently  be  seen 
crawling  across  the  floor,  but  even  under  these  conditions  one  could  sleep 
with  safety  in  an  iron  bed,  provided  it  did  not  touch  the  wall  and  each 
leg  stood  in  a  pan  of  kerosene.  At  that  time  in  certain  localities  in  Russia 
health  officials  took  advantage  of  the  inclination  of  the  peasant  to  indulge 
in  a  steam  bath,  and  while  he  was  cleansing  his  body  in  this  very  efficient 
manner  his  clothes  were  deloused. 

Protection  of  the  traveler  against  the  bite  of  the  African  tick  when  the 
former  visits  the  domains  of  the  latter  is  a  difficult  thing.  Travelers  are 
advised  to  avoid  native  houses,  especially  at  night;  not  to  camp  near 
native  houses  or  on  sites  used  by  natives;  if  compelled  to  sleep  on  the 
ground  to  wrap  oneself  thoroughly  in  mosquito  netting  and  to  inspect 
one's  blankets  carefully  every  night  before  retiring;  in  other  words,  to 
make  oneself,  especially  at  night,  tick  proof.  It  is  said  by  those  who  have 
traveled  in  infested  parts  of  Africa  that  with  attention  to  these  measures 
the  risk  of  infection  may  be  regarded  as  small. 

When  one  takes  up  a  more  or  less  permanent  residence  in  a  tick  infested 
district  the  difficulty  of  protecting  himself  against  this  predatory  insect 
becomes  more  difficult.  The  tick  lives  in  red  sand  and  may  be  found  in 
this  to  a  depth  of  from  four  to  six  inches.  If  the  house  can  be  set  upon 
posts  and  these  be  protected  constantly  by  surrounding  them  with  some 
insecticidal  solution,  ticks  may  be  kept  out  of  the  house,  but  in  most  lo- 
calities the  only  floor  the  house  or  tent  has  is  the  sand  and  it  remains  to 
make  this  so  hard  that  the  tick  will  not  penetrate  it.  Manson  and  Thorn- 
ton report  their  experiences  as  follows : 

"The  provision  of  a  thoroughly  hard  floor  impermeable  to  the  tick  appeared  to  us 
to  be  a  first  essential;  the  provision  of  concrete  for  such  a  very  large  number  of  floors 
as  required   treatment  being  impracticable  in  Dar-es-Salaam,   it  became  necessary   to 
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find  some  local  substitute;  this  was  suj)plied  by  ant-Jieap  earth,  of  which  a  laige  quan- 
tity was  present  in  the  locality;  it  was  beaten  hard  on  the  floors  to  a  depth  of  at  least 
four  inches  and  allowed  to  set;  afterAvards  a  top  dressing  of  cow  dung  was  smeared 
over  the  whole  surface  to  a  depth,  of  half  an  inch  in  a  liquid  condition;  afterwards, 
the  surface  was  treated  once  weekly  with  a  watery  solution  of  cow  dung  to  maintain 
it  in  good  order.  The  following  experiment,  several  times  repeated,  showed  the  efficacy 
of  cow  dung.  Three  tins  were  taken,  the  first  containing  pure  liquid  cow  dung,  the 
second  twenty-five  per  cent  cow  dung  in  ant-heap,  and  the  third  only  moistened  ant- 
heap;  some  thirty  to  forty  ticks  were  mixed  with  the  contents  of  each  tin,  and  the  tins 
were  stood  in  a  large  tray  of  pure  creosol  and  left  for  24  hours.  Examination  of  the 
contents  at  the  end  of  this  time  showed  that  the  ticks  in  the  pure  cow  dung  were  still 
present  alive,  the  slimy  consistency  of  the  dung  having  prevented  their  climbing  out; 
those  in  the  pure  ant-hea,p  were  also  present  and  showed  no  antipathy  to  their  sun-ound- 
ings;  but  those  in  the  twenty-five  per  cent  dung  had  all  without  exception  crawled  out 
of  the  tin  and  immersed  themselves  in  the  creosol  in  an  endeavor  to  escape;  this  very 
marked  antipathy  of  the  tick  to  cow  dung  appeared  to  us  to  be  worthy  of  incoi-poration 
in  our  measures  for  the  prevention  of  the  disease.  Accordingly,  all  floors  in  the  area 
were  laid  down  in  the  method  described  (ant-heap  and  cow-dung-)  and  the  results  ob- 
tained were  found  to  be  highly  satisfactory.  Such  floors  give  a  hard  even  surface,  and 
permit  of  being  very  cleanly  brushed  out  every  day;  they  also  wear  well,  do  not  smell, 
and  their  provision  is  in  our  opinion  one  of  the  most  important  factors  in  the  preven- 
tion of  the  disease. ' ' 

Provided  there  is  no  animal  reservoir  for  the  spirochete,  relapsing  fever 
will  disappear  with  improvements  in  living  conditions  and  when  these 
have  reached  a  stage  in  which  man  ceases  to  be  a  carrier  of  vermin. 

BibliogTaphy 

Bates,  L.  B.,  Dunn,  K  H.,  and  St.  John,  J.  H. :     Am.  Jour.  Trop.  Med.,  1921,  iv,  1S3. 

Carlisle,  E.  J. :     Jour.  Infect.  Dis.,  1906,  iii,  233. 

Carter.,  V.:     Spirillum  Fever,  London,  18S2. 

Clymer,  M. :     Fevers;   their  Diagnosis,  Pathology  and  Treatment,  Philadelphia,   1845. 

GoODSiR,  H.  D. :     Edinburgh  Med.  Jour.,  1845,  Ixiii,  134. 

Harold,  C.  T.  H.  H.:     Jour.  Roy.  Army  Med.  Coi-ps,  1920,  xxxiv,  484. 

Harty,  W.  :  An  Historic  Sketch  of  the  Causes,  Progress,  Extent  and  Mortality  of  the 
Contagious  Fever  Epidemic  in  Ireland,  London,  1820. 

Manson,  J.  K.,  AND  Thornton,  L.  H.  D.  :  Jour.  Roy.  Army  Med.  Corps,  1919,  xxxiii, 
97. 

Meader,  0.  N". :     Colorado  Med.  Jour.,  1915,  xii,  365. 

NoRRis,  C,  Pappenheimer,  a.  M.,  and  Flournoy,  T.  :     Jour.  Infect.  Dis.,  1906,  iii,  266. 

NOVY,  F.  G.,  AND  Knapp,  R.  E.  :  Jour.  Infect.  Dis.,  1906,  iii,  291 ;  Science,  1908,  xxvii, 
648. 

Obermeier,  O.  :     Centralbl.  f .  de  med.  Wissensch.,  1873,  xi,  145. 

O'Brien,  J.:  Transactions  of  the  Association  of  Fellows  and  Licentiates  of  the  King 
and  Queen's  College  in  Ireland,  1828,  v,  514. 

Orr,  R.  S.  :     Edinburgh  Med.  and  Surg.  Jour.,  1845,  Ixiii,  387. 

Parry,  J.  S.:     Am.  Jour.  Med.  Sc,  1870,  Ix,  336. 

ROGAN,  F. :  Observations  on  the  Condition  of  the  Middle  and  Lower  Classes  of  Ireland 
as  it  Tends  to  Promote  the  Diffusion  of  Contagious  Fever;  with  the  History 
and  Treatment  of  the  Late  Epidemic  Disorder,  London,  1819. 

Rutty,  J. :  Chronological  History  of  the  Weather  and  Seasons  and  of  the  Prevailing- 
Diseases  in  Dublin,  London,  1770. 

Stark,  James  :     Transactions  of  the  Epidemiologic  Society  of  London,  1867,  ii. 

Waring,  J.:     Am.  Jour.  Med.  Sc,  1918,  civ,  819. 

Wylde,  W.  R.  :     Edinburgh  Med.  and  Surg.  Jour.,  1845,  249. 


CHAPTER  XXXV 

TRENCH  FEVER 

Description. — Beginning  in  the  fall  of  1915  many  cases  of  a  disease 
characterized  by  febrile  relapses  appeared  in  the  British  Expeditionary 
Force.  At  first  most  of  these  came  into  hospital  under  the  diagnosis  of 
P.U.O.  (pyrexia  of  unknown  origin).  Later  the  name  ''trench  fever" 
came  into  general  use.  Subsequently  this  disease  was  found  to  exist 
also  in  French  troops,  in  Italian  soldiers,  and  in  English  soldiers  as  far 
east  as  Mesopotamia.  Later  still,  it  was  reported  as  existing  in  the  German 
and  Austrian  Armies.  There  has  been  much  discussion  as  to  whether 
this  is  a  new  disease,  or  one,  which,  under  various  names,  has  existed 
from  time  immemorial.  Some  have  attempted  to  identify  it  with  quintan 
fever,  described  hy  Hippocrates,  Galen,  and  others.  As  epidemiologists, 
it  would  be  of  little  value  to  us  to  incjuire  minutely  into  this  discussion. 
The  period  of  incubation  has  been  found,  both  by  observation  and  ex- 
periment, to  vary  greatly — from  five  to  thirty  days.  This  probably 
indicates  the  wide  variability  in  the  virulence  of  the  organism.  The 
prodroma  of  the  incubation  period  are  headache  and  pain  in  the  limbs, 
sometimes  accompanied  by  slight  fever.  Generally  the  onset  is  sudden 
and  is  accompanied  by  headache,  dizziness,  pain  in  the  legs  and  back 
and  behind  the  eyeballs,  particularly  when  moved,  nystagmus  on  turn- 
ing the  eyeballs  sideways,  injection  of  the  conjunctivae,  and  a  sharp  rise 
of  temperature,  often  going  from  103°  to  104°  P.  In  more  than  one-half 
the  cases  the  fever  subsequently  assumes  a  relapsing  character.  The 
spleen  is  found  to  be  enlarged;  erythematous  spots  or  papules  occur  in 
from  seventy  to  eighty  per  cent  of  the  cases.  These  spots  are  most 
abundantly  seen  over  the  chest,  back,  and  abdomen.  As  a  rule,  they 
are  pink  in  color,  not  rising  above  the  surface  of  the  skin,  disappear  on 
pressure,  and  generally  measure  from  about  2  to  4  mm.,  although  oc- 
casionally they  reach  a  diameter  of  6  mm.  In  some  cases  this  rash  is 
distinctly  papular.  In  rare  instances,  as  many  as  200  of  these  spots 
may  be  counted  on  the  bod3^  They  are  most  abundant  on  the  second 
or  third  day  and  frequently  disappear  within  less  than  24  hours.  The 
fever  is  quite  variable,  usually  consisting  of  an  attack  which  lasts  one 
week  or  less.  In  some  instances  the  initial  fever  is  much  more  pro- 
longed and  continues  for  six  or  seven  weeks.  In  rare  instances  it  per- 
sists from  40  to  60  and  even  more  days,  with  only  slight  remissions. 
The  leucocj^te  count  is  variable.  An  increase  in  the  leucocytes  is  more 
likely  to  manifest  itself  at  the  time  of  a  relapse.  The  urine  often  shows 
a  trace  of  albumen,  but  evidence  of  true  nephritis  does  not  occur. 
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Transmission. — The  first  experiment  incriminating  the  body  louse  as 
the  distributor  of  this  disease  was  made  and  reported  by  Davies  and 
Weldon  early  in  1917.  From  this  report  we  make  the  following  quo- 
tation : 

"Some  scores  of  lice  were  collected  and  starved  in  captivity  for  three  days.  A 
number  of  them  died.  Two  pairs  of  these  survivors  were  taken  and  allowed  to  bite, 
under  a  watch-glass,  two  patients  suffering  from  trench  fever  in  an  acute  stage.  After 
allowing  them  to  feed  for  about  15  minutes  their  meal  was  interrupted,  and  each  of 
us  then  allowed  a  pair  to  feed  upon  himself,  strictly  confining  their  sphere  of  opera- 
tion by  means  of  a  securely  fixed  watch-glass.  The  one  of  us  whose  duties  did  not 
bring  him  into  the  wards  subsequently,  24  hours  later,  allowed  a  pair  to  have  a  furtlicr 
meal  on  himself.  Twelve  days  later  very  interesting  developments  took  place.  Tlie 
characteristic  symptoms  manifested  themselves,  and  he  passed  through  a  most  typical 
attack  of  the  condition  of  the  average  sufferer,  with  tlie  pains  and  other  features  all 
present.  It  may  be  further  noted  that  the  victim  had  not  at  any  time  been  nearer  to 
the  front  than  the  base,  nor  had  he  been  subject  to  any  previous  similar  attack." 

Later,  an  English  commission  proved  that  the  disease  could  be  trans- 
mitted from  man  to  man  by  injecting  the  blood  of  the  infected  into  sus- 
ceptible persons.  This  Commission  attempted  also  to  determine  what 
part  of  the  blood  was  infective,  the  fluid  or  cellular  elements.  The 
blood  for  inoculation  was  taken  from  cases  in  the  febrile  stages.  Seven 
men  were  inoculated  with  the  whole  blood,  from  5  to  10  c.c,  being  in- 
jected. All  of  these  developed  the  disease.  One  was  inoculated  Avith 
clear  serum  and  remained  unaffected.  Another,  inoculated  with  serum 
tinged  with  coloring  matter,  developed  the  fever,  as  did  also  one  who 
was  inoculated  with  the  hemoglobin-tinged  plasma.  Two  were  inocu- 
lated with  red-blood  corpuscles  which  had  been  washed  several  times 
with  saline  solution.  One  develoj)ed  the  disease,  while  the  other  did 
not.  Six  were  inoculated  with  serum  filtered  through  Berkefeld  filters, 
bnt  these  were  kept  under  observation  too  short  a  time  to  be  sure  about 
th-e  results.  Tavo  were  inoculated  with  filtered  plasma  and  tAvo  AAath 
filtered  extract  of  ground  red  corpuscles.  None  of  these  developed 
trench  fcA^er.  The  conclusion  reached  at  that  time  by  this  Commission 
Avas  that  the  Adrus  is  contained  in  the  red  corpuscle.  In  1918  the  Com- 
mission authorized  by  the  American  Red  Cross  began  its  iuA^estigation. 
This  Commission  has  studied  the  matter  thoroughly  and  has  made 
a  report  in  a  volume  AA^hich  contains  the  important  literature  of 
the  subject.  Its  experiments  shoAv  that  the  blood  taken  from  patients 
in  the  early  stages  of  trench  feA^er  is  ahvays  infectiA^e  and  Avill  produce 
the  disease  Avhen  inoculated  into  healthy  men.  It  disagrees  Avith  the 
English  commission  in  holding  that  the  virus  is  intracorpuscular.  The 
conclusion  concerniug  the  filtrability  of  the  Anrus  in  the  blood  Avas  left 
in  some  uncertainty.  The  Commission  found  that  both  filtered  plasma  and 
filtered  serum  did  not  induce  the  disease.    However,  before  filtration,  cen- 
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trifugalization  had  been  resorted  to,  and  it  is  possible  that  the  virus  was 
thrown  into  the  sediment  along  with  the  red  corpuscles  but  is  not  intra- 
corpuscular.  Bruce  had  previously  shoAvn  that  wdien  the  feces  of  the 
louse  is  place'd  upon  the  scarified  skin  of  man  and  rubbed  in,  the  dis- 
ease is  transmitted,  and  the  Red  Cross  Commission  showed  that  the 
excrement  of  the  normal  louse,  or  one  which  has  not  fed  upon  a  trench 
fever  patient,  will  not  produce  the  disease.  The  Red  Cross  Commission 
tried  filtration  of  extracts  from  the  excrement  of  trench  fever  lice.  A 
portion  of  such  dried. feces  w^as  ground  in  a  mortar,  suspended  in  saline 
solution  and  the  suspension  filtered  through  a  Chamberland  L.  filter, 
with  760  mm.  of  mercury  vacuum  during  three  hours.  Aerobic  and 
anaerobic  cultures  of  the  filtrate  gave  no  growth.  Three  volunteers 
were  inoculated  with  a  portion  of  this  filtrate,  while  four  others  were 
inoculated  by  scarifying  the  skin  and  rubbing  in  a  portion  of  the  same 
moistened  feces  unfiltered  as  a  control  of  the  infectivity  of  the  excre- 
ment used  in  the  filtration  experiments.  Two  of  the  three  volunteers 
inoculated  with  the  filtrate  developed  trench  fever,  one  after  five  days 
and  the  other  after  twenty  days.  The  Commission  concludes,  therefore, 
that,  at  least  at  one  stage  of  its  development,  the  virus  of  trench  fever 
is  filtrable  and  ultramicroscopic.  It  is  worthy  of  remark  that  this  does 
not  prove  that  the  virus  as  it  exists  in  the  blood  of  man  while  suffering 
from  the  fever  is  filtrable. 

Inasmuch  as  it  has  recently  been  stated  by  an  authority  on  this  sub- 
ject that  the  disease  is  not  transmitted  by  the  bite  of  the  louse  but  by 
the  patient  scratching  the  feces  of  the  louse  into  his  skin,  we  shall 
present,  somewhat  in  detail,  the  findings  of  the  Red  Cross  Commission 
on  this  point. 

"After  having  shown  conclusively  by  fourteen  positive  experiments  in  the  first 
group  that  the  louse  transmits  the  disease  living  under  natural  conditions,  experiments 
were  performed  to  show  whether  this  insect  may  transmit  the  disease  by  its  bite  alone 
when  living  under  natural  conditions  or  under  unnatural  ones  in  entomological  boxes 
and  biting  through  cliiffon,  and  when  no  scarification  of  the  skin,  no  scratching,  and 
no  crushing  of  the  louse  occurred.  Five  experiments  of  this  nature  havei  been  per- 
formed all  of  which  resulted  positive.  In  two  of  these  the  lice  only  remained  on  each 
individual  in  the  cell  for  a  period  of  approximately  four  days  and  in  one  for  seven 
days,  and  in  all  there  was  no  scratching  and  no  evidence  of  any  abrasion  of  the  skin. 
The  incubation  periods  in  these  cases  were  15,  14,  and  30  days  respectively.  *  *  * 
In  two  instances  the  lice,  which  produced  the  disease  by  their  bite  alone,  were  kept 
confined  in  the  small  round  entomological  boxes  in  an  incubator;  during  the  time  of 
biting  the  experimental  subjects,  which  occurred  twice  daily,  the  box  was  removed 
from  the  incubator,  the  cover  taken  off,  and  the  box  covered  with  cluffon,  and  then 
bound  upon  the  lower  surface  of  the  arm  of  the  subject.  The  arm  was  held  with  the 
box  underneath,  so  that  the  lice  were  compelled  to  bite  upwards  through  the  chiffon. 
The  feeding  lasted  about  half  an  hour,  Avhen  the  box  containing  the  lice  was  removed 
from  the  arm  and  rej^laced  in  the  incubator.    Obviously,  by  biting  in  this  manner,  while 
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contamination  of  the  skin  by  louse  feces  was  reduced  to  a  ininiinum,  the  lice  lived  and 
fed  under  artificial  conditions,  so  that  a  negative  result  might  not  have  been  conclusive 
in  relation  to  the  transmission  of  the  disease  by  the  bite  of  the  louse  alone.  However, 
both  of  the  experimental  subjects  bitten  in  this  manner  developed  the  disease.  The 
period  from  the  time  the  lice  were  first  allowed  to  bite  the  volunteers  to  the  time  of 
development  of  the  disease  was  in  one  of  these  cases  27  days  and  in  the  other  38  days." 

The  Red  Cross  Commission  showed  (what  was  already  known)  that 
trench  fever  may  be  produced  in  an  artificial  manner  by  scarifying  the 
arm  and  rubbing  in,  as  in  vaccinating  against  smallpox,  a  small  amount 
of  the  excrement  of  lice  which  had  fed  upon  trench  fever  cases,  the 
excrement  being  collected  from  the  sixth  to  the  nineteenth  day  after 
the  first  feeding.  In  these  instances  it  was  found  that  the  incubation 
period  of  the  disease  varied  from  seven  to  eleven  days.  As  to  the  possi- 
bility or  probability  of  this  method  of  infection  occurring  naturally,  the 
Commission  makes  the  statement : 

"This  method  of  infection  has  not  been  demonstrated  to  occur  naturally,  and  while 
it  pix)bably  sometimes  takes  place  it  would  appear  to  do  so  relatively  rarely,  for  in 
our  18  experimental  cases  of  trench  fever  transmitted  by  the  louse  living  under  natural 
conditions,  in  some  of  which  the  skin  was  scarified  naturally  by  scratching  and  in 
others  artificially,  as  well  as  in  two  pure  biting  experiments  through  chiffon,  making 
20  positive  eases  in  all  the  incubation  period  of  the  disease  has  never  been  less  than 
14  days  and  has  varied  from  14  to  38  days.  The  inoculation  by  scarifying  with  louse 
excrement  may  be  compared  to  that  with  scarification  of  urinary  sediment  or  with 
intravenous  injection  of  the  blood  of  trench  fever  cases.  The  incubation  period  of  the 
disease  produced  by  the  louse  excrement  corresponds  more  nearly  with  that  produced 
by  direct  mechanical  inoculation"  of  the  blood." 

The  Commission  shows  that  the  same  group  of  lice  may  infect  mul- 
tiple subjects.  For  instance,  one  group  of  infected  lice  was  permitted  to 
feed  successively  upon  five  healthy  men,  with  intervals  between  the  feed- 
ings of  from  48  to  60  hours,  and  in  all  trench  fever  developed.  It  might 
be  objected  that  there  is  no  proof  that  any  one  individual  louse  of  the 
group  infected  more  than  one  man.  In  like  manner  it  was  shown  that 
infected  lice  may  retain  their  infection  and  transmit  it  for  as  long  a 
time  as  13  days.  The  Commission  concludes  from  this  that  the  trans- 
ference of  the  infection  by  the  louse  is  certainly  not  accomplished  simply 
by  a  mechanical  transference  of  the  virus,  and  it  points  to  a  multiplica- 
tion of  the  virus  or  an  intermediate  life-cycle  of  the  organism  within  the 
louse.  The  Commission  also  finds  no  evidence  that  the  louse  is  infective 
until  six  or  seven  days  after  the  time  of  first  biting  a  trench  fever  case, 
and  states  that  the  louse  does  not  retain  the  remnants  of  its  food  ordi- 
narily for  a  longer  period  than  several  hours. 

It  folloAvs  from  what  has  been  said  that  a  man  may  develop  trench 
fever  from  10  to  23  days  after  infected  lice  have  last  fed  on  him,  and 
the  man  sick  with  this  disease  may  at  the  time  of  the  onset  be  entirely 
free  from  lice. 
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The  weight  of  evidence  seems  to  be  that  in  nature  the  virus  either 
multiplies  within  the  louse  or  undergoes  a  cycle  within  it  before  infect- 
ing man.  We  make  the  following  further  quotation  from  the  report  of 
the  Red  Cross  Commission: 

"By  18  of  our  experiments  it  has  been  shown  that  the  louse  transmits  trench  fever 
when,  living  under  natural  conditions,  and  this  is  apparently  the  common  and  usual 
means  of  transmission  of  this  disease.  That  the  infection  may  occur  from  the  bite 
of  the  louse  living  under  natural  conditions,  or  from  the  crushed  louse  or  the  contents 
of  its  alimentary  canal  being  rubbed  into  the  scratched  or  otherwise  abraded  skin,  also 
appears  evident.  Whether  the  louse  in  biting  usually  transmits  the  disease  by  intro- 
ducing into  the  blood  of  the  human  host  the  virus  contained  in  material  from  its 
salivary  glands  or  in  its  coelomic  tiuid  or  any  material  from  its  alimentary  canal  is  of 
no  practical  importance,  although  it  is  of  some  scientific  interest.  In  order  to  deter- 
mine definitely  just  how  the  infection  is  introduced  by  the  bite  of  the  louse  it  would 
be  necessary  to  perform  many  experiments  in  which  the  insect  would  have  to  be  com- 
pelled to  live  under  artificial  conditions,  which  might  destroy  the  virus  or  prevent  its 
developing,  yet,  even  if  positive  results  were  obtained,  no  information  of  any  practical 
value  would  be  ascertained.  Accordingly,  we  did  not  feel  justified  in  exposing  more 
healthy  volunteers  from  our  army  to  such  experiments  and  infecting  more  of  them 
with  a  disease  of  this  nature,  and  in  doing  this  consume  much  valuable  time  to  prove 
a  point  of  so  little  practical  importance.  Such  experiments  should  certainly  constitute 
no  part  of  a  war  research  of  this  nature.  In  typhus  it  is  said  that  the  louse  may  trans- 
mit the  disease  by  its  bite,  and  that  it  may  also  be  transmitted  by  the  inoculation  of 
the  skin  with  a  crushed  louse  or  with  its  excrement,  but  we  also  know  less  of  the  exact 
method  of  introduction  by  the  louse  of  the  virus  in  typhus  fever  than  we  do  in  trench 
fever. ' ' 

The  virus  of  trench  fever  is  not  found  in  the  feces  of  men  suffering 
from  this  disease,  but  it  is  present  in  the  urine  and  may  be  present  in 
the  sputum  of  such  patients.  The  possibility  of  infecting  others  through 
the  urine  or  the  sputum  of  the  sick  is  quite  remote.  Swallowing  such 
sputum  or  even  such  urine  would  have  no  effect.  The  only  way  in  which 
infection  could  result  from  either  of  these  sources  avouIcI  be  by  scratch- 
ing the  material  into  the  skin;  and  such  happenings  would  be  rare 
indeed.  However,  in  treating  cases  of  trench  fever  in  a  hospital,  in 
addition  to  delousing,  it  might  be  well  to  disinfect  the  urine  and  the 
sputum.     Of  the  latter  there  is  seldom  any  in  this  disease. 

Eradication. — It  will  be  seen  from  what  has  been  said  that  the  weig'ht 
of  evidence  at  present  is  that  trench  fever  is  distributed  by  the  louse 
and  that  in  nature  it  is  not  transmitted  in  any  other  wa3^  The  eradica- 
tion of  this  disease  is  therefore,  as  it  is  in  regard  to  typhus,  a  question 
of  delousing,  the  details  of  which  have  been  given  in  the  discussion  of 
typhus  fever. 
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CHAPTER  XXXVI 

EPIDEMIC  JAUNDICE 
Weil's  Disease;  Icterus  Gravis;  Spirochetosis  Icterohemorrhagica 

Description. — This  is  a  specific  infections  disease,  nsnalh^,  bnt  not 
invariably,  accompanied  by  enlargement  of  the  liver  and  by  jaundice. 
The  infecting  agent  is  a  spirochete  known  as  Leptospira  icterohemor- 
rhagiae,  the  reservoir  of  which  is  the  rat.  After  an  incubation  period 
Avhich,  in  experimental  animals  has  proved  to  be  from  five  to  seven  days, 
there  is  a  sudden  onset,  with  chill,  headache,  vomiting,  and  diarrhea. 
The  fever  is  irregular,  moving  quickly  up  or  down  within  short  periods, 
but  generally  confined  to  the  limits  of  103°  to  105°  F.  In  most  cases 
jaundice  appears  on  the  second  or  third  day,  first  showing  itself  in  the 
conjunctivae  and  then  developing  rapidl}^-  over  the  entire  body  surface. 
The  color  is  some  shade  of  yellow  with  occasionally  a  greenish  tint. 
Itching  is  a  frequent  accompaniment.  In  severe  instances  there  may 
be  minute  hemorrhages  in  the  conjunctiva,  skin,  or  on  mucous  surfaces. 
The  feces  are  not  highly  colored.  The  pulse  is  slow  and  the  blood 
pressure  low.  In  moderate  cases  the  fever  terminates  by  lysis  from  the 
the  twelfth  to  the  fourteenth  day.  In  most  instances  the  liver  is  en- 
larged, and  at  autopsy  the  gall  bladder  is  found  at  least  half  full. 
There  is  no  stoppage  of  the  gall  ducts.  There  may  be  a  moderate  fatty 
degeneration  in  the  liver.  It  is  reported  that  the  urine  after  the  fifth 
day  frequently  develops  a  marked  greenish  tint  on  the  addition  of  a 
few  drops  of  acetic  acid. 

History. — In  the  English  edition  of  his  Handbook  of  Geographical 
and  Historical  Pathology,  published  in  1886,  Hirsch  has  assembled  thirty- 
four  epidemics,  beginning  with  that  described  by  Cleghorn  in  his  obser- 
vations on  the  epidemic  diseases  in  Minorca  (1774).  Hirsch  states  his 
conclusions  as  follows: 

"Of  these  fifteen  were  confined  to  bodies  of  troops;  one  was  in  a  shipyard,  one  in 
a  house,  and  one  in  a  pi-ison;  twelve  were  in  a  town  or  vilhige  (one  of  these,  at  Bir- 
mingham in  1852,  being  confined  to  children)  ;  and  four  were  over  a  wider  area,  namely, 
that  of  1793  on  the  Lig-urian  coast,  1847,  in  the  Dept.  du  Rhone,  1858-59  in  Sweden, 
and  1860  in  the  vicinity  of  Baii;enstein.  From  this  it  follows  that  the  pathogenesis, 
in  the  larger  number  of  cases,  is  an  affair  of  purely  local  influences;  and  the  experi- 
ence of  several  of  the  epidemics  warrants  the  supposition  that  these  influences  are 
not  infrequently  of  the  dietetic  Mnd.  Thus,  the  epidemic  of  1883  in  the  Frankfurt 
garrison  appears  to  have  been  set  up  by  the  use  of  bad  pease  overgrown  with  mold ; 
that  of  1872  among  certain  sections  of  the  troops  in  the  garrison  of  Wesel  to  the  con- 
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tinued  diet  of  pork  and  pease,  the  monotony  of  the  diet  liaving  been  higlily  objection- 
able to  the  men;  again  at  Soest  in  1874  and  at  Bastatt  in  1878,  to  bad  diet;  among 
the  Bavarian  troops  before  Paris  in  1871  to  the  monotonous  diet  (salt  beef  and  mut- 
ton, with  rice,  but  no  fresh  vegetables),  the  malady  ceasing  when  fresh  provisions  ar- 
rived; among  the  troops  in  the  Lourcine  and  St.  Cloud  garrisons  owing  to  the  use  of 
impure  drinking  water,  the  latter  epidemic  coming  to  a  sudden  end  when  the  water 
was  changed.  In  all  such  eases  the  malady  appears  to  have  been  essentially  of  gastric 
origin,  that  is  to  say,  associated  with  ordinary  gastric  or  gastroduodenal  catarrh.  But 
for  other  epidemics,  such  as  those  of  Bremen,  Hanau,  Basel,  and  Trebinje,  noxious 
influences  of  that  kind  have  to  be  excluded  decidedly  from  the  etiology.  Least  of  all 
can  they  be  alleged  for  those  epidemics  where  the  malady  has  been  widely  prevalent; 
and  in  cases  of  that  kind  we  should  probably  not  err  if,  in  consideration  of  the  cir- 
cumstances amidst  which  the  disease  had  arisen,  we  seek  the  cause  of  it  in  a  specific 
inf  cation. ' ' 

As  an  instance  of  what  lie  believed  to  be  evidence  of  specific  infec- 
tion, Hirsch  refers  to  an  epidemic  among  the  employes  of  a  shipyard  at 
Bremen.  On  account  of  the  appearance  of  smallpox,  vaccination  of  all 
employes  was  ordered.  Of  1,289  vaccinated  with  one  lymph  prepara- 
tion, 191  developed  jaundice  in  the  course  of  a  few  weeks,  while  of  587 
vaccinated  with  other  lymphs  no  one  developed  jaundice.  In  accord- 
ance with  the  belief  of  his  time,  Hirsch  attributed  some  outbreaks  to 
putrid  ef9,uvia  from  decomposing  organic  matter,  and  especially  to  sewer 
gas. 

Epidemic  jaundice  has  appeared  so  frequently  in  wars  and  among  sol- 
diers in  garrison  that  it  has  been  designated  by  some  as  camp  icterus  (ic- 
terus castrensis).  Larrey  met  with  it  in  Napoleon's  Eg.yptian  campaign.  In 
1854  there  was  an  outbreak  in  a  French  garrison  at  Aniane.  In  1859 
it  became  prevalent  among  French  troops  at  Civita  Vecchia  and  a  year 
later  in  a  garrison  of  French  troops  at  Pavia.  From  1865  to  1870  there 
were  many  small  epidemics  in  French  garrisons  and  the  disease  in  1870 
became  highly  ]3revalent  among  the  Bavarian  troops  in  the  siege  of 
Paris.  In  our  own  Civil  War,  epidemic  jaundice  is  charged  with  being 
responsible  for  nearly  50,000  cases  and  quite  200  deaths.  In  the  World 
War,  it  appeared  among  British,  French,  Italian,  and  German  troops, 
though  in  no  instance  did  the  epidemic  assume  alarming  proportions. 

WadsAvorth  and  colleagues  report  that  during  the  summer  and  fall  of 
1921  physicians  throughout  the  State  of  New  York  saw  approximately 
300  cases  of  epidemic  jaundice,  occurring  in  groups  of  from  three  or 
four  to  fifty  or  more.  Attempts  were  made  to  ascertain  whether  or 
not  the  rats  of  the  state  were  carrying  Leptospira  icterohemorrhagiae. 
One  hundred  and  twenty-eight  rats  from  various  parts  of  the  state  were 
examined;  in  22  the  organism  was  found,  and  inoculated  guinea  pigs 
developed  jaundice.  One  of  the  laboratory  staff,  while  inoculating  a 
rabbit  with  a  virulent  culture  from  a  rat,  pricked  her  finger  with  the 
needle  of  the  syringe.     Seven  days  later  she  developed  a  fever,  which 
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continued  for  ten  days,  with  a  temperature  fluctuating  between  100'' 
and  104°  and  gradually  disappearing.  Guinea  pigs  inoculated  with 
cultures  made  from  the  blood  of  this  patient  developed  jaundice, 

Hiscock  and  Rogers  report  an  outbreak  of  69  cases  at  Yale  University 
during  November  and  December,  1921.  With  the  exception  of  six  cases 
the  onsets  were  within  a  period  of  15  days.  The  universal  symptoms 
were  weakness,  loss  of  appetite  and  the  characteristic  jaundice.  The 
cases  were  centered  largely  among  men  of  rather  close  association. 
Nearly  all  cases  reported  close  friends  also  sick.  To  check  the  sig- 
nificance of  this,  men  reporting  to  the  University  Health  Service  for 
causes  other  than  jaundice  were  questioned  and  with  two  exceptions 
they  reported  practically^  no  friends  sick  with  the  disease.  Some  of  the 
eating  clubs  had  many  cases  quite  out  of  proportion  to  the  number  of 
men  served.  Examination  of  a  number  of  mice  in  the  dormitories  did 
not  reveal  the  presence  of  the  characteristic  leptospira.  As  well  as  could 
be  judged,  this  outbreak  in  which  there  was  no  fatal  case  was  spread  by 
personal  contact  and  possibly  by  infection  of  eating  utensils. 

In  all  the  records  of  this  disease  medical  observers  have  been  impressed 
with  the  fact  that  there  are  at  least  two  forms  of  epidemic  jaundice, 
one  grave,  the  other  light.  This  distinction  is  made  both  between  epi- 
demics and  among  individuals  involved.  In  1886  Weil  described  rather 
minutely  the  symptomatology  and  pathology  of  this  disease  in  a  small 
epidemic  accompanied  by  great  mortality,  and  since  that  time  it  has 
been  the  custom  of  man}^  medical  writers  to  prefix  his  name  to  the 
disease. 

The  Parasite. — It  appears  that  the  grave  form  of  infective  jaundice 
has  long  been  prevalent  in  Japan.  In  1915  Inada,  Ido,  Hoki,  Kaneko 
and  Ito  announced  the  discovery  of  a  spirochetal  microorganism,  which 
has  been  demonstrated  to  be  the  cause  of  this  disease  and  is  known  as 
Spirocheta  icterohemorrhagiae.  These  investigators  think  that  previous 
workers  failed  to  find  this  organism  because  they  searched  for  bacteria 
and  they  expected  to  make  their  findings  in  the  later  stages  of  the 
disease,  while,  in  truth,  it  has  proved  to  be  a  fact  that  when  cases  come 
to  autopsy  the  liver  is  either  devoid  of  spirochetes  or  contains  them  in 
numbers  so  small  and  in  forms  so  modified  that  discovery  and  recogni- 
tion are  difficult.  The  Japanese  students  searched,  with  negative  re- 
sults, the  blood,  urine,  feces  and  sputum  for  bacteria ;  then  they  inocu- 
lated monkeys,  rabbits,  rats  and  guinea  pigs  with  the  blood  of  their 
patients.  Later,  they  ascertained  that  the  number  of  spirochetes  in  the 
blood  is  so  small  as  to  make  their  detection  under  the  microscope  quite 
uncertain.  Their  inoculation  experiments  showed  that  guinea  pigs  are 
quite  susceptible.  AVith  inoculations  into  these  animals  from  17  patients, 
13'  positive  results  Avere  obtained,  the  animals  shoAving  conjunctival  con- 
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gestion,  jaundice,  liemorrhage,  and  albuminuria.  It  was  found  that  the 
blood  taken  from  patients  on  the  fourth  or  fifth  day  of  illness  invariably 
gave  positive  results  while  that  taken  later  was  uncertain.  In  no  in- 
stance did  blood  taken  from  the  patient  after  the  twelfth  day  of  illness 
induce  the  disease  in  animals.  The  disease  appears  in  animals  within 
from  six  to  thirteen  days  after  inoculation,  usually  on  the  seventh  or 
eighth  day.  Inoculation  succeeds  by  intraperitoneal,  subcutaneous,  or 
oral  injection  of  2  c.c.  of  the  blood  or  of  an  emulsion  of  the  liver.  The 
former  is  the  more  certain.  Animals  succumb  to  intraperitoneal  inocu- 
lation within  from  five  to  eight  days  and  to  percutaneous  inoculation 
or  after  administration  by  the  alimentary  canal  in  from  nine  to  ten  days. 
The  typical  pathologic  changes  in  guinea  pigs  consist  of  marked  general 
jaundice,  hemorrhages  into  various  parts  of  the  body  and  parenchyma- 
tous changes  in  the  organs.  Usually  the  sites  of  hemorrhage  are  in  the 
lungs,  intestinal  walls,  retroperitoneal  tissues,  and  the  adipose  deposits 
in  the  inguinal  region.  The  liver  shows  cloudy  swelling  of  the  paren- 
cli^'ma,  which  is  more  or  less  colored  by  the  altered  pigment.  The 
kidney  shows  an  acute  parenchymatous  nephritis  and  the  spleen  is  more 
or  less  congested  and  hemorrhagic.  In  the  blood,  the  spirochetes  are 
not  found  in  the  cellular  elements,  but  in  the  tissues  they  are  found  in 
the  epithelial  cells.  Those  organs  that  show  the  most  marked  patho- 
logic changes  contain  the  largest  number  of  the  spirochetes.  Comparing 
the  changes  found  in  the  guinea  pig  with  those  seen  in  man,  it  may  be 
said  that  the  hemorrhage  in  the  lungs  of  the  guinea  pig  is  more  severe 
and  more  widespread  than  in  man;  that  spirochetes  can  always  be  found 
in  the  guinea  pig,  which  is  not  the  case  in  man;  and,  in  the  liver  in 
man  the  spirochetes  are  found  in  the  cells,  while  in  the  guinea  pig 
they  lie  between  the  tissue  cells. 

The  spirochete  is  an  irregular,  wavy  figure,  the  accurate  measure- 
ments of  Avhich  are  not  easily  made.  There  are  short  forms  with  lengths 
varying  from  six  to  nine  microns,  intermediate  forms  from  twelve  to 
fifteen  microns,  and  occasionally  long  individuals  measuring  from  20  to 
25  microns.  Specimens  of  liver  or  blood  are  fixed  with  absolute  alcohol, 
methyl  alcohol  or  osmic  acid,  and  then  subjected  for  two  hours  to  a 
stain  consisting  of  three  drops  of  Giemsa  solution  diluted,  with  2  c.c. 
of  water.  Under  this  treatment  the  spirochetes  become  red  or  purplish. 
For  vital  staining,  fifty  per  cent  borax  methylene-blue  is  recommended. 
In  unstained  specimens,  the  spirochetes  are  not  visible  except  under 
dark-field  illumination,  when  they  plainly  appear,  shoAving  portions 
which  unevenly  refract  the  light.  The  "refractive  granules  vary  in 
number  from  25  to  40,  according  to  the  length  of  the  spirochete.  The 
organism  as  a  whole,  shows  fore-and-aft,  as  well  as  lateral,  movements. 
This  organism  has   also  a  tAvisted  motion  along  its  long-  axis.     When 
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cultures  are  passed  through  Berkefeld  No.  5  filters  the  filtrate  still 
carries  the  infection;  in  other  Avords,  the  spirocliete,  during  at  least 
some  part  of  its  existence,  is  filtrable.  The  Japanese  students  found  in 
their  earlier  work  at  least  that  the  cultures  of  this  organism  grow  best 
at  between  22°  and  25°,  but  later  researches  have  shown  that  on  some 
media  they  grow  quite  satisfactorily  at  37°  C. 

It  is  quite  evident  from  experimental  work  that  the  spirochete  may 
enter  the  body  through  the  skin  or  through  the  alimentary  canal.  It 
has  been  found  that  this  organism  will  penetrate  the  unbroken  skin  of 
experimental  animals.  When  the  abdomen  of  a  guinea  pig  is  shaved 
with  care  that  the  epithelium  is  in  no  way  injured  and  a  piece  of  in- 
fected liver  or  a  bit  of  a  culture  is  smeared  on  the  denuded  part,  the 
animal  becomes  infected.  Quite  naturally,  infection  through  the  skin 
is  more  certain  and  more  rapid  when  there  are  breaks  in  the  continuity 
of  the  tissue.  So  far  as  is  known,  no  biting  insect  is  engaged  in  the 
transmission  of  this  organism.  The  spirochete  is  eliminated  from  the 
infected  individual  through  the  kidneys,  from  the  bowels  and,  in  some 
instances  at  least,  in  the  sputum.  The  extracorporeal  life  of  the  spiro- 
chete needs  further  investigation.  As  we  have  said,  the  rat  consti- 
tutes the  animal  reservoir. 

Noguehi  has  shown  that  the  spirochetes  discovered  by  Japanese  in- 
vestigators are  identical  morphologically  and  serologically  with  the 
microorganisms  which  cause  grave  epidemic  jaundice  in  Europe  and 
America  and  which  are  found  in  all  countries  more  or  less  widely  dis- 
tributed in  rats.  Japanese  Avorkers  have  prepared  a  serum  by  immun- 
izing goats  and  they  haA^e  employed  it  in  the  treatment  of  the  disease. 
From  1  to  2  c.c.  of  the  serum  of  a  convalescent  patient  injected  into 
an  inoculated  guinea  pig  before  the  appearance  of  jaundice  prevents 
the  dcA^elopment  of  symptoms  and  apparently  destroys  the  spirochetes 
in  the  body.  If  immune  serum  is  injected  into  inoculated  guinea  pigs 
when  the  spirochetes  are  present  in  the  blood  these  organisms  disappear 
from  the  blood  in  half  an  hour.  It  must  be  admitted,  hoAvever,  that 
the  success  AAdiich  has  attended  the  serum  treatment  of  this  disease  in 
man  still  leaA^es  much  to  be  desired.  Inada  and  his  colleagues  state  that 
the  mortality  among  their  patients  admitted  before  the  scA^enth  day 
Avas  in  those  AA^ho  receiA^ed  no  serum,  57.1  per  cent ;  in  those  treated  sub- 
cutaneously  Avith  serum,  40  per  cent;  in  those  treated  intraA^enously  Avith 
serum,  3'8.5  per  cent.  They  say  that  serum  treatment,  CA^en  AA^hen  it 
does  not  lead  to  recoA^ery,  modifies  and  mitigates  certain  symptoms, 
such  as  frequency  and  severity  of  subcutaneous  hemorrhages. 

Prophylaxis. — Epidemic  jaundice  has  frequently  been  confounded 
Avith  yellow  fcA^er  and  within  recent  years  certain  very  competent  in- 
vestigators have  held  that  the  former,  like  the  latter,  is  distributed  by 
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tlie  Ijite  of  a  mosquito ;  but,  if  there  be  truth  in  this,  it  is  wholly  lacking 
in  demonstration.  In  parts  of  Japan  where  epidemic  jaundice  is  most 
prevalent,  competent  Japanese  physicians,  like  Inada,  think  that  in- 
fection occurs  through  the  alimentary  canal,  but  admit  there  is 
weighty  argument  for  the  claim  that  the  virus  enters  through  the  skin. 
This  is  indicated  by  local  swellings  and  by  enlargement  of  lymphatic 
glands,  Oguro,  who  has  practiced  in  an  endemic  area,  states  that  he 
has  never  observed  any  circumstance  which  suggests  the  cutaneous 
mode  of  infection,  and  in  his  opinion  the  virus  finds  its  way  into  the 
body  in  all  cases  through  the  alimentary  canal.  The  class  of  people 
most  frequently  manifesting  this  disease  in  Japan  are  those  who  work 
in  coal  mines.  Of  the  emploj^es  in  this  industry,  the  clerks  and  officials 
who  live  on  the  surface  do  not  contract  the  disease.  It  has  long  been 
observed  that  the  disease  is  more  common  in  wet  than  in  dry  mines ; 
consequently,  an  attempt  has  been  made  in  Japan  to  keep  the  mines 
dry.  It  is  also  known  that  those  who  suifer  from  abrasions  on  the 
skin  are  more  frequently  infected  than  those  who  have  no  break  in  the 
continuity  of  tissue.  So  far  as  we  know,  pumping  out  wet  mines,  cau- 
tioning miners  against  the  neglect  of  abrasions  on  the  skin  and  against 
drinking  water  in  the  mines  are  the  only  prophylactic  measures  which 
have  been  adopted  in  Japan.  It  goes  without  saying  that  all  the  excre- 
tions of  those  sick  with  this  disease  should  be  thoroughly  disinfected; 
also  that  we  have  in  this  disease  another  charge  of  murder  against  the 
rat.  This  animal  thrives,  fattens,  and  multiplies  on  the  food  it  steals 
from  man,  and,  in  addition  to  being  a  thief,  it  brings  into  our  midst 
surreptitiously  such  diseases  as  the  plague  and  epidemic  jaundice,  not 
to  say  anything  of  rat-bite  fever.  Noguchi  has  prepared  a  vaccine,  the 
value  of  which  has  been  demonstrated  successfully  on  guinea  pigs,  but 
it  is  not  likely  that  this  preparation  will  become  largely  effective  in 
tlie  prevention  of  the  disease. 

Mild  Epidemic  Jaundice. — There  is  no  reason  for  assuming  that  all 
epidemics  of  jaundice  are  of  the  grave  sort  which  we  have  just  de- 
scribed. In  assemblies,  especially  those  of  young  adults,  whether  in 
civil  or  military  life,  among  college  students,  in  lumber  camps,  in 
mines,  in  garrisons,  mild  epidemic  jaundice  occasionally  occurs.  It  is 
first  seen  in  the  eyes  and  gradually  it  tints  every  part  of  the  body. 
The  Adctim  feels  languid,  tired,  loses  his  appetite  and  itches  (though  not 
in  all  cases).  The  temperature  may  be  normal,  subnormal,  or  slightly 
above  normal.  This  condition  may  last  from  a  few  days  to  as  many 
weeks.  Mild  epidemic  jaundice  is  in  and  of  itself  never  fatal.  It  is 
possible  that  while  in  this  state  susceptibility  to  infection  may  be  in- 
creased.   As  to  the  cause  of  this  mild  form  of  the  disease,  we  are  no  fur- 
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ther  advanced  than  was  Hirsch  who,  in  1886,  attributed  it  to  dietetic 
disturbances. 
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CHAPTER  XXXVII 

PHLEBOTOMUS  FEVER 

Papataci  Fever;  Sandfly  Fever;  Three  Days  Fever 

Description.— This  is  a  specific  fever,  due  to  an  unknown  filtrable 
virus  witli  wliich  man  is  inoculated  by  tlie  bite  of  a  sandfly,  Phlebotomus 
papatasii.  The  incubation  period  varies  from  three  to  seven  days,  dur- 
ing which  there  are  no  marked  prodromal  symptoms,  although  there 
may  be  a  general  weariness,  accompanied  by  indefinite  pains.  The  onset 
of  this  disease  is  sudden  and  is  accompanied  by  chilly  sensations,  in- 
tense pain  in  the  head,  back,  and  frequently  in  the  joints  and  bones. 
The  face  is  usually  flushed  and  the  conjunctiva  markedly  congested. 
After  the  chill,  the  temperature  rapidly  rises,  and  while  usually  reach- 
ing a  maximum  of  102°,  this  may  be  extended  to  105°.  The  pulse  is 
only  moderately  accelerated  and  is  usually  proportional  to  the  tem- 
perature, slow.  The  i)atient  becomes  irritable,  intolerant  of  noise, 
drowsy  but  unable  to  sleep,  while  the  sense  of  taste  is  lost  and  vomiting 
rarely  occurs.  There  is  generally  a  dry  cough,  with  difficulty  in  bring- 
ing up  a  tenacious  sputum.  There  is  a  well-marked  leucopenia,  accom- 
panied by  a  marked  decrease  in  the  percentage  of  polymorphonuclears. 
There  is  no  characteristic  rash,  although  there  may  be  a  marbled  ap- 
pearance of  the  skin  with  er3^thematous  measles-like  spots.  After  about 
48  hours  the  temperature  begins  to  fall,  although  there  may  be  a  later 
slight  and  temporary  rise.  The  return  of  the  temperature  to  normal  is 
often  accompanied  by  sweating,  sometimes  by  nose  bleed  and  vomiting. 
In  some  instances  the  patient  continues  for  a  week  or  more  debilitated 
in  body  and  depressed  in  mind.  Complications  are  rare,  and  there  is 
no  mortality. 

In  1804  a  three  days  fever  prevalent  in  the  Mediterranean  region  was 
described  by  Pym,  and  from  that  time  on  numerous  English  medical 
officers  stationed  in  this  region  have  written  concerning  the  same  disease. 
"With  undulant  fever,  it  was  especially  prevalent  in  Malta  during  the  Cri- 
mean War,  at  which  time  this  Island  was  used  as  a  depot  and  general  hos- 
pital for  troops  both  going  to,  and  returning  from,  the  Crimea.  In  the  sev- 
enties of  the  last  century  it  attracted  the  attention  of  Italian  physicians, 
who  made  worthy  contributions  concerning  its  local  existence  and  preva- 
lence. About  the  same  time  it  was  observed  among  Austrian  soldiers 
stationed  on  the  Adriatic  coast,  and  it  was  studied  in  a  highly  satis- 
factory manner  later  by  Taussig.    In  1906  McCarrison,  writing  concern- 
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ing  a  disease  which  he  had  seen  in  Chitral  in  India  two  3^ears  earlier, 
said: 

"With  regard  to  suctorial  insects,  sandflies  are  those  most  likely  to  be  implicated. 
Their  appearance  corresponds  in  a  striking  way  with  the  appearance  of  the  disease, 
and  the  fact  that  they  are  not  found  where  the  disease  does  not  prevail  may  be  more 
than  a  coincidence.  Experiments  in  my  hands  have,  however,  failed  to  throw  any 
light  on  this  point.  The  very  great  difficulties  in  working  with  sandflies  may  be  respon- 
sible for  this  lack  of  results.  *  *  *  The  use  of  sandfly  and  mosquito-proof  curtains 
is  also  essential,  as  much  for  the  sake  of  comfort  as  for  the  possible  protection  whiclr 
may  be  afforded  against  the  disease. ' ' 

In  1905  Taussig  concluded  from  his  epidemiologic  studies  among 
Austrian  soldiers  that  the  sandfly  is  the  agent  in  the  transmission  of 
this  disease,  and  in  1908  Doerr  demonstrated  the  infectivity  of  the  blood 
in  this  disease.  In  1910  Kilroy,  on  the  Island  of  Suda,  exposed  himself 
for  five  consecutive  nights  to  the  bites  of  sandflies,  these  insects  being 
particularly  abundant  there  and  then.  He  promptly  developed  the 
fever  and  on  the  day  of  the  chill  injected  some  of  his  blood  into  a 
fellow,  thereby  transmitting  the  disease. 

Geographical  Distribution. — The  phlebotomus  is  indigenous  in  all 
tropical  lands,  with  a  few  possible  and  inexplainable  exceptions,  as, 
for  instance,  Bermuda.  On  this  Island  the  phlebotomus  is  not  found 
and  there  has  never  been  known  a  case  of  the  disease.  The  distribution 
of  this  insect  over  Asia  extends  from  the  Indian  Ocean  to  the  northern 
part  of  China,  reaching  Peking  and  Tientsin.  In  Europe  it  extends 
from  the  Mediterranean  to  middle  France,  embracing  all  the  Mediter- 
ranean countries  and  including  Switzerland,  the  Balkans,  Greece  and 
southern  Russia.  The  fly  is  at  home  in  apparently  every  part  of  Africa, 
and  is  especially  abundant  along  the  Nile  in  Egypt,  in  the  Sudan,  and 
in  Uganda.  This  is  true  of  its  distribution  throughout  Central  and  South 
America.  In  the  United  States  the  phebotomus  has  been  found  as  far 
north  as  Maryland  and  southern  Ohio.  Visitors  to  tropical  countries 
are  likely  to  be  infected  at  any  season  of  the  year,  while  in  more  tem- 
perate climates  this  disease  and  its  carrier  are  in  evidence  only  during 
the  summer. 

The  Phlebotomus. — This  is  a  small  fly,  not  more  than  3  mm.  in  length, 
with  a  body  covered  with  long  yellow  hairs.  The  female  only  draws 
blood  and,  as  is  true  in  the  mosquito,  this  seems  to  be  a  condition  favor- 
able, if  not  essential,  to  the  reproduction  of  her  kind.  After  being  fer- 
tilized by  the  male,  she  draws  the  blood  and  retires  into  some  damp, 
dark  place,  as  a  cave,  cracks  in  stones,  in  walls,  etc.,  and  deposits  from 
30  to  80  eggs,  which  vary  in  length  from  0.15  to  0.5  mm.  The  female 
deposits  these  eggs,  which  are  oval  and  have  longitudinal  dark  marks, 
singly,   and   from  four  to   sixteen   days,    depending   upon   temperature. 


850  EPIDEMIOLOGY 

are  required  for  hatching.  The  larvae  are  from  2  to  5  mm.  in  length, 
are  without  eyes,  but  with  a  well-developed  mouth.  The  larval  stage 
continues,  again  depending  upon  air  and  temperature,  from  two  days 
to  two  weeks.  The  pupal  stage  continues  from  one  to  four  weeks, 
depending  upon  weather.  The  adult  flies  are  nocturnal  and  are  at- 
tracted by  light.  During  the  daytime  they  hide  in  cool,  damp,  shady 
places — a  favorite  resort  is  found  in  bathrooms  and  in  latrines.  Their 
size  enables  them  to  pass  through  the  usual  mosquito  netting,  and,  in 
fact,  to  protect  oneself  from  these  pests  by  this  device  is  quite  impos- 
sible, because  the  mesh  must  be  so  fine  that  it  is  difficult  to  breathe 
through  it.  The  sandfly  feeds  not  only  upon  man,  but  upon  most 
domestic  animals,  and  it  does  not  disdain  frogs  and  snakes  when  its 
appetite  is  sufficiently  urgent.  Further  discussion  of  the  phlebotomus 
will  be  found  in  the  chapter  on  verruga  peruviana. 

The  Virus. — As  we  have  said,  the  virus  remains  unidentified.  It  passes 
through  a  Berkefeld  filter,  and  in  this  respect  resembles  the  viruses  of 
yellow  fever  and  dengue.  It  is  present  in  the  blood  of  infected  men 
only  during  the  first  24  hours  of  illness.  Apparently,  the  virus  may  be 
transmitted  by  feeding  upon  infected  phlebotomi. 

Prophylaxis. — As  we  have  already  stated,  it  is  quite  impossible  for 
one  to  sleep  under  netting,  the  mesh  of  which  is  sufficiently  small  to 
keep  out  this  insect.  It  is,  therefore,  necessary  to  resort  to  other  meas- 
ures. Anointing  the  body  Avith  repellent  ointments  has  been  recog- 
nized and  a  formula  for  such  an  ointment  has  been  recommended, 
independently,  by  Balfour  and  Crawford.  The  formula  for  this  is  given 
in  the  chapter  on  verruga  peruviana.  Newstead  recommends  that  breed- 
ing-places be  sprayed  with  one  per  cent  solution  of  formalin,  and  sug- 
gests that  dark,  damp  places  in  the  house  might  be  treated  in  this  way. 
He  also  recommends  an  electric  fan  and  a  modified  biscuit-box  trap, 
lined  with  dark  cloth  and  placed  in  a  dark  corner  in  the  sleeping  room. 
Bahr  says  that  the  phlebotomus  does  not  fly  more  than  ten  feet  above 
the  ground,  and  for  this  reason  sleeping  in  the  second  story  is  preferable. 
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CHAPTER  XXXVIIl 

ANTHRAX 

Malig-nant  Pustule ;  Wool  Sorters '  Disease ;  Splenic  Fever 

Definition. — Anthrax  is  an  acute,  infectious,  liiglily  fatal  disease, 
widely  prevalent  among  the  lower  animals;  more  rarely,  and  as  a  rule, 
less  seriously  prevalent  among  men. 

History. — In  both  sacred  and  profane  history  there  are  many  refer- 
ences which  are  supposed  to  relate  to  this  disease.  In  the  Book  of  Exodus 
(9:10),  we  read  the  following:  "And  it  became  a  boil  breaking  forth 
with  blains  upon  man  and  upon  beast." 

Some  are  inclined  to  believe  that  Homer  was  acquainted  with  the  dis- 
ease and  that  it  inspired  the  following  lines  (Iliad,  B.  I.)  : 

"And  first  the  beasts  assailed  he,  the  mule  and  ranging-  hound, 
B'ut  soon  at  man  his  firebolt  shot,  smiting  to  the  ground. ' ' 

Some  commentators  believe  that  the  dramatic  description  in  the  CEdipus 
of  Seneca  refers  to  anthrax.  The  first  victims  are  the  domestic  animals, 
afflicted  one  after  another,  until  men  and  all  beasts  are  being  hopelessly 
devoured  by  tlie  insatiable  anger  of  the  gods: 

The  sluggish  ewes  first  felt  the  blight, 
For  the  woolly  flock  the  rich  grass  cropped 
To  its  own  doom.     At  the  victim's  neck 
The  priest  stood  still,  in  act  to  strike; 
But  while  his  hand  still  poised  the  blow. 
Behold  the  bull  with  gilded  horns, 
Fell  heavily;  whereat  his  neck, 
Beneath  the  shock  of  his  huge  weight, 
Was  broken  and  asunder  yawned. 
No  blood  the  sacred  weapon  stained, 
But  from  the  wound  dark  gore  oozed  forth. 
The  steed  a  certain  languor  feels, 
And  stumbles  in  his  circling  course, 
While  from  his  downward  sinking  side 
His  rider  falls.     *     *     "" 
The  abandoned  flocks  lie  in  the  fields; 
The  bull  amid  his  dying  herd 
Is  pining;  and  the  shepherd  fails 
His  scanty  flock,  for  he  himself 
Mid  his  wasting  kine  is  perishing. 
The  stag  no  more  fears  the  ravenous  wolf; 
■  No  longer  the  lion's  roar  is  heard; 
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The  shaggy  bear  has  lost  her  rage, 
And  the  lurking  serpent  his  deadly  sting; 
For  parched  and  dying  now  he  lies 
With  venom  dried. 

Another  classical  description  is  that  given  by  Ovid  (Metam.  vii).  Pliny 
(Hist.  Nat.  Lib.  xxvi)  says: 

"We  find  it  stated  in  the  annals,  that  it  was  in  the  censorship  of  L.  Panlus  and  Q. 
Marcius  (164  A.  D.)  that  carbuncle  was  first  introduced  into  Italy,  a  malady  which 
till  then  had  confined  itself  to  the  province  of  Gallia  Narbonensis  (now  Provence). 
In  the  year  in  which  I  am  now  wiiting  these  lines  two  persons  of  consular  rank  have 
died  of  this  disease;  Julius  Eufus  and  Q.  Lecanius  Bassus;  the  former  in  consequence 
of  an  incision  unskillfully  made  by  his  medical  attendant,  the  latter  through  a  wound 
upon  the  thumb  of  the  left  hand  by  pricking  a  carbuncle  with  a  needle,  a  wound  so 
small  originally  as  to  be  hardly  perceptible." 

Under  the  name  of  Persian  fever  ancient  Arabian  physicians  described 
anthrax.  In  the  ninth  and  tenth  centuries  the  disease  appears  to"  have 
been  widely  disseminated  over  Europe.  In  the  years  1375-1376  it  is  said 
that  even  wild  animals  died  of  this  disease.  According  to  Kircher,  in  1617 
thousands  of  domestic  animals  and  60,000  people  died  of  the  disease  in 
central  Europe.  It  continued  to  be  widely  prevalent  in  that  part  of  the 
world  down  to  the  time  of  scientific  medicine  and  isolated  epidemics  have 
occurred  in  recent  years.  In  the  sixties  of  the  last  century  an  outbreak 
in  Russia  was  investigated  by  a  German  Commission  and  reported  as 
anthrax.  Prom  1864  to  1870  in  the  province  of  Novgorod  more  than 
65,000  domestic  animals  (horses,  cattle,  and  sheep)  and  528  persons  suc- 
cumbed to  this  infection.  During  the  latter  part  of  the  nineteenth  cen- 
tury it  became  widely  disseminated  in  South  America,  especially  in  Brazil, 
where  it  is  known  as  ' '  garotilha. "  About  the  same  time  it  became  well 
established  in  Australia,  where  for  some  years  it  interfered  greatly  Avith 
sheep  raising.  It  has  found  its  wa}^  into  most  parts  of  Asia  and  Africa. 
In  our  own  country  it  has  appeared  only  as  local  epidemics  among  cattle 
and  as  isolated  cases  among  men,  loiown  as  wool  sorters'  disease  and 
malignant  pustule.  Sobernheim  gives  the  total  number  of  deaths  from 
this  disease  among  cattle,  horses,  sheep,  and  goats  in  Germany  in  the 
decade  from  1900  to  1909  as  55,410. 

Inasmuch  as  anthrax  is  the  most  typically  infectious  of  all  diseases  and 
since  so  many  theories  have  been  evolved  concerning  it,  we  may  be  par- 
doned for  briefly  reviewing  the  literature.  As  early  as  1805  Kausch  wrote 
a  monograph  on  this  disease,  in  whicli  he  held  that  it  is  due  to  paralysis 
of  the  nerves  of  respiration;  but  he  offered  no  explanation  of  the  paralysis. 
Delafond  taught  that  anthrax  has  its  origin  in  the  influence  of  the  chem- 
ical composition  of  the  soil  on  the  food,  thus  inducing  pathogenic  changes 
from  malnutrition.     The  contagious  nature  of  the  disease  seems  to  have 
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been  ^fairly  well  established  by  Gerlach  in  1845.  This  work  was  eonfirined 
by  the  studies  of  Heuzinger  and  received  the  endorsement  of  Virchow  in 
1855,  since  which  time  it  has  never  been  questioned.  However,  as  early 
as  1849  the  bacillus  of  this  disease  had  been  seen  by  Pollender.  This 
pioneer  investigator  did  not  publish  his  observations  until  1855,  but  he 
states  that  they  were  made  in  the  fall  of  1849.  First,  he  examined  the 
blood  of  five  cows  dead  from  anthrax,  and  compared  these  specimens  with 
material  taken  from  the  spleen  of  a  healthy  animal.  The  examinations 
were  not  made  until  18  to  24  hours  after  death  and  Pollender  states  that 
the  blood  was  stinking,  thus' indicating,  as  we  now  know,  that  it  had  be- 
come contaminated  with  putrefactive  organisms ;  but  the  description  which 
he  gave  shows  that  he  actually  saw  anthrax  bacilli.  Pollender  used  a 
crude  compound  microscope  made  by  Plossl,  giving  special  attention  to 
studies  of  the  blood  corpuscles,  chyle  globules,  and  the  bacilli.  His  de- 
scription of  the  microorganisms  as  he  observed  them  may  be  condensed  as 
follows :  The  third  and  most  interesting  microscopic  bodies  seen  in  an- 
thrax blood  are  innumerable  masses  of  rod-like,  solid,  opaque  bodies,  the 
length  of  which  varies  from  %oo  to  %oo  of  ^  lii^6  and  the  breadth  aver- 
ages %,ooo  of  a  line.  They  resemble  the  '^vibrio  bacillus"  or  "vibrio 
ambiguosus."  They  are  nonmotile  and  neither  water  nor  dilute  acids,  nor 
strong  alkalies  have  any  effect  on  them.  For  this  reason  Pollender  con- 
cluded that  they  must  be  regarded  as  vegetable  organisms.  He  was  un- 
decided whether  they  existed  in  tlie  blood  of  the  living  animal  or  resulted 
from  putrefaction,  but  was  inclined  to  the  former  belief  and  thought  that 
they  might  represent  the  infecting  organism  or  be  the  bearer  of  the  infec- 
tion. It  will  be  evident  from  what  has  been  said  that  Pollender  presented 
no  positive  proof  that  these  rod-like  bodies  had  any  causal  relation  to  the 
disease.  In  1856  Brauel  inoculated  sheep,  horses,  and  dogs  with  blood 
taken  from  animals  sick  with  anthrax,  and  in  this  way  demonstrated  that 
the  disease  could  be  transmitted  to  sheep  and  horses,  but  he  failed  to 
induce  it  in  dogs.  He  found  sheep  highly  susceptible,  horses  less  so,  and 
dogs  quite  immune.  He  also  demonstrated  the  presence  of  the  bacilli  in 
the  blood  of  sick  animals  before  death.  It  is  interesting  to  note  that  he 
fell  into  error  concerning  the  motility  of  the  bacilli.  He  states  that  when 
seen  in  fresh  blood  they  are  nonmotile  but  later  they  become  highly  motile. 
This,  as  we  now  know,  was  due  to  contamination.  It  should  be  noted  that 
Brauel  also  made  examination  of  the  blood  of  various  domestic  animals 
suffering  from  other  diseases  and  demonstrated  the  absence  of  this  bacillus 
in  these. 

In  1863  Davaine  published  three  remarkable  papers  on  anthrax.  In  the 
first  he  states  that  in  1850  Payer  inoculated  sheep  with  the  blood  of  others 
dead  from  anthrax  and  in  this  way  transmitted  the  disease.  It  appears 
that  Payer  published  a  short  note  of  this  work  in  the  Bulletin  de  la 
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Societe  de  Biologie  in  1850,  but  we  have  not  had  access  to  this  publica- 
tion. Davaine's  own  work  was  of  the  greatest  value  and  shows  remark- 
able skill  in  technic  for  that  time.  Probably  the  most  important  experi- 
ments that  he  made  were  those  in  which  he  demonstrated  that  the  blood 
of  an  animal  sick  with  anthrax  is  not  capable  of  transmitting  the  disease 
to  others  unless  it  contains  the  bacillus.  It  may  be  of  sufficient  interest 
to  describe  briefly  the  experiments  which  led  to  the  demonstration  of  this 
fact.  Rabbit  A  was  inoculated  with  anthrax  blood.  Forty-six  hours  later, 
examination  showed  no  bacilli  in  the  blood  of  Rabbit  A.  At  that  time  12 
or  15  drops  of  blood  were  taken  from  the  ear  of  this  animal  and  injected 
into  Rabbit  B.  Nine  hours  later  the  blood  of  Rabbit  A  was  reexamined 
and  found  to  contain  a  large  number  of  bacilli.  This  blood  was  injected 
subcutaneously  into  Rabbit  C.  One  hour  later  Rabbit  A  died  and  24) 
hours  later  Rabbit  C  died,  while  Rabbit  B  remained  free  from  infection. 
Pasteur,  De  Barry,  Koch,  and  others  studied  the  morphology,  life-history, 
and  cultural  characteristics  of  this  bacillus,  and  in  doing  so  founded  the 
science  of  bacteriology. 

Bacillus. — This  is  a  long  (4-10  microns),  slender  (1-1.3  microns)  rod 
presenting  generally  square  cut  ends.  A  drop  of  blood  from  the  spleen 
of  an  animal  dead  from  this  disease  discloses,  even  without  stain,  great 
numbers  of  these  bacteria.  They  are  nonmotile  and  take  the  basic  anilin 
dyes  easily.  Often  many  bacilli  are  attached  end  to  end,  forming  what 
are  known  as  bamboo  rods.  They  are  quite  characteristic  but  do  not 
appear  in  all  preparations.  Some  bacilli  show  capsules  which  are  less 
deeply  stained  and  the  contrast  is  quite  striking.  It  is  supposed  that  this 
capsule  protects  the  bacillus  against  destructive  action  of  the  secretions  of 
the  body  cells.  At  least,  bacilli  taken  from  infected  animals  generally 
show  the  capsules,  while  subcultures  seldom  do.  It  has  been  found  that 
cultures  grown  in  fluid  blood  serum  do  show  the  capsule.  These  facts  indi- 
cate that  the  capsule  results  from  some  reaction  between  the  organism 
and  the  blood.  This  bacillus  will  continue  to  live  but  will  not  multiply 
in  the  absence  of  air;  consequently,  it  must  be  classed  as  an  aerobe.  It 
grows  under  a  wide  range  of  temperature  (15°  to  43°  C),  but  its  optimum 
growth  is  at  or  near  the  temperature  of  the  animal  body  (37°  to  38°  C). 

It  grows  readily  on  all  the  ordinary  culture  media.  In  undisturb€d 
bouillon  it  does  not  produce  a  uniform  cloudiness  but  appears  in  floccules. 
On  gelatin  plates  after  from  two  to  three  days  at  from  18°  to  20°  C.  it 
develops  characteristic  colonies.  Under  a  low  power  these  are  seen  to  be 
not  compact,  as  is  the  case  with  most  bacterial  colonies,  but  loosely  aggre- 
gated. The  edges  are  not  smooth  and  sharply  defined  but  are  more  or  less 
fringed.  These  are  known  as  medusa  forms  and  the  fringe  is  due,  as  is 
shown  under  a  high  power,  to  the  growth  of  the  rods  from  the  central 
mass  into  the  surrounding  medium.     The  bacillus  produces  a  proteolytic 
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ferment,  which  gradually  digests  and  liquefies  the  gelatin  and  the  colonies 
subside  into  the  craters  thus  formed.  In  stick  gelatin  cultures  the  bacillus 
grows  along  the  line  and  branches  off  on  the  sides,  forming  a  picture 
which  has  been  variously  designated  as  a  brush  or  as  an  inverted  pine 
tree ;  very  slowly  liquefaction  proceeds  from  the  surface  downward.  On 
agar  plates  the  colonies  are  much  like  those  on  gelatin,  with  the  exception 
that  on  the  former  spore  formation  may  be  observed.  Stick  cultures  on 
agar  are  much  like  those  on  gelatin,  with  no  liquefaction  and  a  spreading 
of  the  growth  over  the  surface  of  the  medium.  It  coagulates  milk  and 
then  digests  the  coagulum.  With  an  abundant  supply  of  oxygen  digestion 
may  proceed  so  rapidly  that  coagula  are  not  seen. 

The  anthrax  bacillus  multiplies  by  transverse  fission,  but  when  it  finds 
conditions  of  life  unfavorable  it  does  not  have  to  strive  against  untoward 
circumstances;  it  simply  develops  seeds  or  spores  and  passes  into  a  resting 
stage.  In  this  state  it  does  not  need  air  or  food.  It  is  inactive  and  is 
only  potentially  alive.  When  conditions  become  favorable  spores  develop 
into  the  vegetative  form.  The  capability  of  passing  from  one  form  to 
another  is  a  great  factor  in  protecting  the  bacillus  against  destructive 
agencies.  Each  bacillus  produces  only  one  spore.  There  is,  therefore,  no 
multiplication  in  the  exercise  of  this  function.  The  purpose  seems  to  be 
solely  to  protect  the  life  of  the  individual.  When  times  are  good,  with 
plenty  of  air  and  an  abundance  of  suitable  food,  life  seems  to  proceed 
merrily  and  the  organism  multiplies  abundantly.  When  times  are  hard, 
with  inadequate  food,  the  bacillus  drops  into  the  resting  stage,  in  which 
it  has  no  needs  and  awaits  a  change  for  the  better.  When  anthrax  spores 
are  brought  under  favorable  conditions  each  spore  develops  into  a  rod, 
which  for  a  while  carries  on  one  end  the  waste  remnant  of  the  spore. 
Vegetative  life  with  multiplication  by  fission  begins  anew. 

There  are  some  strains  of  the  bacillus  which  apparently  are  not  able  to 
pass  into  the  resting  stage  under  any  conditions.  These  are  known  as 
asporogenous  strains.  According  to  Eisenberg,  anthrax  bacilli  are  of  two 
varieties  or  races,  of  different  "biologic  dignity;"  one  sporogenous  and 
the  other  asporogenous,  and  each  breeds  true  through  all  generations. 
However,  this  view  is  not  held  by  all  bacteriologists,  and  Eoux  gives  the 
following  method  for  converting  the  sporogenous  into  the  asporogenous 
variety:  Bacilli  grow  with  a  formation  of  spores  in  bouillon  to  which 
from  two  to  six  parts  per  10,000  of  phenol  have  been  added.  When  the 
phenol  has  been  increased  to  20  parts  per  10,000  there  is  no  growth.  Be- 
tween these  limits  the  bacilli  grow  without  spore  formation.  Bacilli  kept 
in  these  intermediate  solutions  for  from  eight  to  ten  days  permanently 
lose,  even  in  following  generations,  the  ability  to  produce  spores. 

The  resistance  of  the  anthrax  bacillus  to  heat  and  other  adverse  condi- 
tions depends  upon  the  presence  or  absence  of  spores.    Anthrax  spores  are 
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among  the  most  stable  and  resistant  forms  of  pathogenic  bacteria.  They 
are  more  easily  killed  than  the  spores  of  certain  nonpathogenic  organisms, 
such  as  the  potato  bacillus.  Anthrax  spores  on  silk  threads  supply  stand- 
ards for  testing  the  relative  efficiency  of  disinfectants.  Spores  in  cul- 
tures 18  years  old  have  been  found  not  only  ■  viable,  but  capable  of 
developing  into  virulent,  vegetative  organisms.  Bouillon  cultures  of  the 
vegetative  forms  are  sterilized  by  heat  at  80°  C.  for  one  minute,  while 
boiling  for  at  least  three  minutes  is  necessary  to  insure  the  destruction  of 
the  spores.  Dry  heat  at  100°  C.  must  be  continued  for  two  hours  in  order 
to  destroy  the  vegetative  form  while  three  hours  at  140°  C.  are  necessary 
to  kill  the  spores.  The  effect  of  direct  sunlight  on  the  two  forms  has  been 
studied  with  varying,  and  even  contradictory,  results.  This  is  easily 
understood  when  we  think  of  the  many  variable  factors,  such  as  thickness 
of  layer,  intensity  of  light  and  temperature,  entering  into  such  experi- 
ments and  influencing  the  findings.  According  to  Momont,  drops  of  dried 
bouillon  cultures,  with  the  air  temperature  at  from  25°  to  35°  C.  are 
destroyed  when  exposed  to  direct  sunlight  within  from  six  to  fifteen  hours 
in  the  vegetative  form  and  after  100  hours  when  spores  are  present.  The 
ordinary  disinfectants,  as  generally  used,  destroy  the  vegetative  forms, 
but  are  not  certain  in  their  action  on  spores.  Geppert  found  that  after 
from  two  to  three  hours  in  corrosive  sublimate  (1:1,000)  all  spores  are 
not  killed. 

We  may  be  thankful  that  this  bacillus,  armed  as  it  is  with  so  many 
advantages,  and  possessed  of  weapons  effective  against  so  many  species  of 
animals,  has  some  powerful  antagonists.  Were  this  not  true  the  world 
might  have  been  depopulated  by  the  unopposed  activity  of  this  micro- 
scopic organism.  As  it  is,  it  is  possible  that  the  extinction  of  certain 
species  of  animals  may  have  resulted  from  this  infection.  Many  of  the 
bacteria  are  markedly  antagonistic  and  destructive  to  the  anthrax  bacillus. 
Chief  among  those  in  which  this  function  has  been  observed  and  studied 
is  the  Bacillus  pyocyaneus.  In  mixed  cultures  of  these  organisms  the 
pyocyaneus  only  survives.  It  not  only  survives,  but  it  seems  to  feed  on 
the  anthrax  bacillus.  If  across  a  gelatin  plate  parallel  lines  be  drawn 
alternatingly  with  needles  moist  with  cultures  of  the  two  bacilli,  pyocy- 
aneus only  will  develop.  If  crosses  be  made  with  the  needles  the  pyoc}^- 
aneus  only  will  develop  at  the  cross.  The  pyocyaneus  develops  a  bac- 
teriolytic body  known  as  pyocyanase,  which  readily  digests  and  destroys 
the  anthrax  bacillus.  This  seems  to  be  a  proteolytic  ferment,  but  unlike 
similar  bodies  it  is  not  destroyed  by  prolonged  boiling.  This  observation 
has  led  to  the  suggestion  that  it  destroys  the  anthrax  bacillus  by  osmotic 
changes.  A  few  drops  of  the  solution  of  pyocyanase  added  to  a  bouillon 
culture  of  anthrax  leads  to  the  speedy  dissolution  of  the  bacilli.  More- 
over, laboratory  animals — sheep,  rabbits,  and  guinea  pigs,  infected  Math 
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anthrax,  have  been  cured  b,y  injections  of  pyocyanase.  Among  other  less 
thoroughly  studied  antagonistic  bacteria  are  the  staphylococcus,  the  strep- 
tococcus, and  the  pneumonia  bacillus. 

Certain  fluids  of  the  animal  body  have  a  destructive  action  on  the 
anthrax  bacillus.  Strange  to  say,  this  does  not  seem  to  have  any  marked 
effect  on  the  susceptibility  of  the  animal  to  this  infection.  The  blood 
serum  of  the  rabbit  in  vitro  is  markedly  bactericidal.  According  to  Pane, 
1  c.c.  of  such  serum  will  destroy  8,000  anthrax  bacilli,  and  still  the  rabbit 
is  easily  susceptible  to  inoculation  with  this  bacillus.  The  destructive 
agent  in  rabbit  serum  seems  to  be  a  ferment,  inasmuch  as  it  is  destroyed 
by  a  temperature  of  56°  C.  The  blood  of  the  rat,  an  animal  which  has 
some  marked  resistance  to  anthrax  inoculation,  is  highly  bactericidal  to 
this  organism.  This  is  believed  to  be  due  to  the  relatively  high  alkalinity 
of  the  rat's  blood.  Many  years  ago  Fodor  showed  that  arterial  blood  is 
destructive  to  the  anthrax  bacillus. 

While  all  mammals  are  susceptible  to  anthrax,  they  differ  in  this  par- 
ticular widely  in  degree.  Epidemics  are  most  common  in  cattle  and  sheep 
and  the  latter  are  easily  inoculable  with  pure  cultures,  while  the  former 
are  unexpectedly  more  resistant  and  require  larger  doses.  In  natural  in- 
fection in  both  cattle  and  sheep,  the  avenue  is  chiefly  through  the  intes- 
tinal tract.  Algerian  sheep  are  much  more  resistant  than  European 
breeds.  Hogs  are  less  susceptible  than  cattle  and  sheep,  and  here  again 
there  is  marked  variation  in  varieties,  American  and  English  breeds  being 
more  susceptible  than  those  of  Hungary.  Among  our  more  valuable 
domestic  animals  horses  are  somewhat  more  resistant  than  cattle  and 
sheep,  but  in  some  epidemics  they  die  in  large  numbers.  Dogs  are  least 
susceptible  but  succumb  to  intravenous  injections.  Goats  resemble  sheep 
in  susceptibility.  Of  the  smaller  laboratory  animals,  the  rat  is  the  least 
susceptible,  while  rabbits,  guinea  pigs,  and  mice  succumb  to  every  form 
of  inoculation.  It  is  said  that  a  single  bacillus  will  kill  a  guinea  pig.  All 
menagerie  animals  are  susceptible.  Birds  are  highly  resistant  and  epi- 
demics among  warm-blooded  animals  are  not  knoMm,  but  all  may  be  in- 
fected artificially.  Frogs  are  highly  refractory  but  the  disease  may  be 
induced  in  them.  Snails  are  said  to  be  wholly  refractory.  Turtles  and 
fish  are  susceptible  to  artificial  inoculation ;  the  former  readily  so. 

Avenues  of  Infection. — The  virus  of  this  disease  may  find  admission 
to  the  animal  body  subcutaneously,  intravenously,  by  feeding  or  by  inhala- 
tion. A  break  in  the  continuity  of  the  skin  or  mucous  membrane  may 
afford  a  port  of  entry.  Even  in  feeding,  the  point  of  entry  may  be  in  the 
mouth,  pharynx,  or  esophagus,  caused  by  a  slight  wound.  Especially  is 
this  true  in  animals  in  which  superficial  injuries  may  be  caused  by  hard 
bits  of  food,  dust,  or  other  accidental  constituents.  The  dried  spores  may 
■  infect  through  any  of  these  avenues  quite  as  effectively  as  the  vegetative 
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forms.  The  spores  are  especially  suitable  for  infection  by  inhalation. 
Moreover,  in  feeding,  the  spores  are  more  resistant  than  the  vegetative 
forms  to  the  acid  of  the  gastric  juice.  While  the  blood  may  be  free  from 
bacilli  in  the  first  stage  of  the  disease  and  while  in  rare  nonfatal  cases  the 
infection  may  remain  localized,  in  most  instances  the  blood  becomes  a 
vehicle  for  the  transport  of  the  bacillus  and  it  reaches  every  part  of  the 
body.  The  organisms  are  eliminated  from  infected  animals  with  the  urine 
and  feces.  They  have  been  found  in  milk  drawn  from  sick  cows  a  short 
time  before  death.  The  fetus  in  utero  may  become  infected.  This  has  been 
observed  in  both  lower  animals  and  in  man.  In  epidemics,  fields,  barn- 
yards and  stalls  become  infected  and  the  most  common  port  of  entry  is 
the  mouth.  The  feces  and  urine  of  infected  animals  pollute  all  about  them 
and  the  virus  is  easily  and  quickly  transferred  to  the  well.  Naturally, 
anthrax  develops,  in  epidemics,  among  men  who  are  brought  into  close 
contact  with  sick  animals.  In  Russia  from  1904  to  1909  the  average 
annual  deaths  from  anthrax  among  men  numbered  16,000 ;  in  Italy  from 
1890  to  1900,  about  2,100.  In  1910  the  number  of  persons  infected  with 
anthrax  in  Germany  is  given  as  287,  with  40  deaths.  Certain  occupations, 
such  as  butchers,  tanners,  sheep  shearers,  furriers,  glove  makers,  shoe- 
makers, saddlers,  harness  makers,  dealers  in  hay  and  grain,  and  wool 
sorters,  are  especially  exposed  to  this  infection.  The  primary  infection  in 
man  is  most  frequently  through  slight  wounds  on  the  skin,  where  malig- 
nant pustules  form.  The  lungs  may  be  infected  through  inhalation. 
Intestinal  infection  in  man,  though  infrequent,  has  been  reported.  Fruit 
and  vegetables  may  be  polluted  by  the  urine  or  feces  of  animals  and  may 
carry  the  virus  into  the  alimentary  canal. 

Deaths  from  anthrax  are  noted  each  year  in  the  U.  S.  Registration  Area. 
The  numbers  are  as  follows : 


1911 

14 

1912 

18 

1913 

25 

1914 

19 

1915 

35 

1916 
1917 
1918 
1919 
1920 


28 
62 
43 
45 
39 


These  deaths  are  spread  over  many  states.  New  York,  by  reason  of  its 
large  population,  usually  is  credited  with  more  than  any  other  state. 
There  were  11  deaths  in  New  York  in  1919.  Deaths  in  cities  are  fre- 
quently associated  with  the  tanning  and  fur  industry. 

Vaccination, — In  his  many  and  varied  experiments  with  the  anthrax 
bacillus,  Pasteur  found  that  chickens  under  ordinary  conditions  are  not 
susceptible  to  inoculation.  This  observation  led  him  to  suspect  that  the 
immunity  of  birds  to  this  disease  is  due  to  the  high  temperature  of  their 
blood.  By  immersing  chickens  in  cold  water  and  maintaining  them  at  a 
low  temperature  he  demonstrated  that  they  become  susceptible.    Encouraged 
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by  this  finding,  lie  grew  anthrax  bacilli  at  high  temperature  for  periods  of 
several  weeks,  and  thus  prepared  a  modified  organism  which  could  be  used 
as  a  vaccine.  Generally  two  vaccines  are  prepared.  The  first  is  obtained 
by  growing  anthrax  bacilli  at  42.5°  C.  for  six  weeks.  At  this  temperature 
the  bacilli  grow  abundantly  but  never  produce  spores.  They  are  not  viru- 
lent for  rabbits  and  guinea  pigs  but  do  kill  mice.  The  second  vaccine  is 
obtained  by  growing  bacilli  at  42.5°  C.  for  two  weeks.  The  organism  thus 
grown  kills  mice  and  guinea  pigs  but  does  not  kill  rabbits.  In  the  im- 
munization of  cattle  the  first  vaccine  is  injected  subcutaneously  and  two 
weeks  later  the  second  vaccine  is  administered  in  the  same  way.  Animals 
thus  vaccinated  are  immune  two  weeks  after  the  second  vaccine  has  been 
administered.  Immunity  lasts  for  about  a  year,  and  in  countries  where 
this  disease  prevails  vaccination  is  repeated  annually. 

The  demonstration  of  the  protection  afforded  sheep  by  anthrax  vaccine 
is  one  of  the  most  brilliant  episodes  in  preventive  medicine.  Pasteur  was 
being  guided  by  his  laboratory  researches  and  by  his  reasoning  on  their 
significance.  He  was  surrounded  on  all  sides  by  scoffers  and  skeptics.  The 
Veterinary  Press  in  1881  contained  the  following,  "Will  you  have  some 
microbe?  There  is  some  everywhere.  Microbiolatry  is  the  fashion,  it 
reigns  undisputed;  it  is  a  doctrine  which  must  not  even  be  discussed, 
especially  when  its  Pontiff,  the  learned  M.  Pasteur,  has  pronounced  the 
sacramental  words,  'I  have  spoken.'  " 

Imagine  the  tension  of  the  atmosphere  when  Pasteur  announced  that  he 
would  prove  his  case  by  inoculating  fifty  sheep  with  virulent  anthrax 
virus.  Half  of  the  sheep  would  be  previously  protected  by  anthrax  vac- 
cine. The  other  half  would  receive  no  vaccine.  ''The  twenty -five  un  vac- 
cinated sheep  will  all  perish,"  wrote  Pasteur,  ''the  twenty-five  vaccinated 
ones  will  survive."  The  plan  was  carried  out  before  crowds  of  people 
comprising  farmers,  physicians,  veterinarians,  apothecaries,  journalists, 
scientists  and  others.  The  protected  sheep  were  vaccinated  on  May  5  with 
an  attenuated  virus.  On  May  17  a  second  inoculation  was  made  with  a 
vaccine  less  attenuated.  On  May  31  the  virulent  anthrax  virus  was  given 
to  both  groups  of  sheep.  It  was  the  afternoon  of  June  2,  only  two  days 
later,  when  the  throngs  again  gathered  to  learn  whether  Pasteur  was  a 
dreamer  or  a  prophet.  The  triumph  was  complete.  The  carcasses  of 
twenty-two  unvaccinated  sheep  lay  on  the  ground,  two  others  were  breath- 
ing their  last.    The  third  died  that  night. 

The  vaccinated  sheep  were  on  their  feet  and  in  perfect  health. 

This  demonstration  created  tremendous  excitement  throughout  France. 
It  marked  a  victory  of  far-reaching  influence  in  the  conflict  which  man 
has  been  waging  against  the  adverse  factors  in  his  environment. 

Horses  have  been  immunized  to  anthrax  bacilli  and  the  serum  of  these 
animals  used  in  the  prevention  of  the  disease  in  cattle.     The  antianthrax 
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serum  is  used  simultaneously  Avitli  or  preceding  the  first  vaccine.  Ac- 
cording to  Chamberland,  in  1894,  1,988,677  animals  were  vaccinated  in 
France  against  anthrax  and  the  loss  from  this  disease  was  thereby  dimin- 
ished from  ten  per  cent  in  sheep  and  five  per  cent  in  cattle  to  less  than 
one  per  cent.  Local  epidemics  in  the  United  States  have  been  stamped 
out  in  a  similar  manner.  Neal  and  Chester  vaccinated  331  coavs  in  Dela- 
ware. Two  of  these  died,  giving  a  death  rate  of  less  than  one  per  cent, 
and  this  occurred  in  a  territory  so  saturated  with  the  infection  that  it 
M^as  practically  impossible  to  keep  cattle  at  all  before  the  use  of  the  vac- 
cine. Dalrymple  has  been  equally  successful  with  the  use  of  vaccine  in 
the  lower  Mississippi  Valley.  Since  the  vaccine  consists  of  living  bacilli, 
there  is  always  the  possibility  that  these  may  become  virulent  and  spread 
the  disease ;  therefore,  other  precautions  should  be  taken.  When  anthrax 
appears  in  a  herd  the  temperature  of  every  animal  should  be  taken  and 
those  that  show  no  fever  should  be  removed  from  the  barnyards  and  pas- 
ture-lands previously  occupied  by  the  herd.  Animals  dead  from  this  dis- 
ease should  be  burned  if  possible.  If  this  is  not  feasible  the  bodies  should 
be  deeply  buried  and  covered  with  quicklime.  In  addition  and  as  a 
further  precaution,  the  place  where  the  animals  are  buried  should  be 
fenced  in  so  as  to  prevent  other  animals  feeding  over  it. 

Anthrax  from  Shaving'  Brushes. — Soon  after  the  war  began  cases  of 
anthrax  among  soldiers  and  civilians  appeared  in  England.  From  June, 
1915,  to  October,  1916,  there  were  19  cases  observed  among  civilians  in 
England  and  14  of  these  traced  to  infected  shaving  brushes.  Up  to  Feb- 
ruary, 1917,  28  cases  appeared  among  English  troops  in  France  and  in 
23  of  these  the  location  of  the  initial  lesion  was  w^ithin  the  shaving  area. 
In  1917  some  15  or  20  cases  of  anthrax  appeared  among  American  sol- 
diers in  this  country.  Six  manufacturers  of  shaving  brushes  were  impli- 
cated. It  was  found  that  about  seventy-five  per  cent  of  a  shij^ment  of 
43,200  brushes  from  Japan  was  infected.  These  were  traced  so  far  as 
possible  and  were  destroyed.  The  horse  hair  from  China  and  Siberia  was 
largely  infected,  especially  the  gray  and  yellowish  hair.  Black  or  thor- 
oughly dyed  hair  seems  to  have  been  disinfected  satisfactorily.  The  thor- 
ough and  repeated  washing  in  hot,  soapy  water  finally  sterilizes  the  brush, 
or  at  least  the  distal  ends  of  the  hairs.  In  some  cases  infection  Avith  the 
anthrax  bacillus  induced  meningitis,  which,  of  course,  ahvays  proved  fatal. 

The  Surgeon  General  of  the  Army  in  his  report  for  1919  says  that  an- 
thrax was  not  observed  among  army  animals  in  the  United  States.  In 
the  American  Expeditionary  Force  an  outbreak  occurred  in  the  Third 
Army  Remount  Depot  at  Wengerohr,  Germany.  Clinical  diagnosis  was 
confirmed  by  laboratory  findings.  The  disease  was  an  acute  type  and 
caused  death  in  seven  animals.     As  soon  as  the  laboratory  report  was 
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received  all  the  animals,  10,000  in  number,  were  treated  with  the  Pasteur 
vaccine  and  no  further  losses  occurred. 

England  has  prohibited  the  importation  of  shaving  brushes  from  Japan 
and  other  oriental  countries.  In  addition,  the  Minister  of  Health  has 
called  attention  to  the  desirability,  and  even  the  necessity,  of  sterilizing 
all  hair  employed  in  the  manufacture  of  brushes  in  England.  After  the 
hair  has  been  made  into  a  brush  it  is  difficult  to  sterilize  it  wdthout  de- 
stroying the  brush.  The  Minister  of  Health  in  England  reconmiends  as 
the  most  trustworthy  method  of  disinfecting  hair,  treatment  by  steam 
under  pressure  at  230°  P.  for  at  least  30  minutes.  A  higher  temperature 
may  seriously  damage  horse  hair.  In  the  United  States  the  importation  of 
cheap  brushes  from  the  Orient  continues  up  to  the  present  time  (1922) 
and,  according  to  Symmers  and  Cady,  in  the  six  years  between  October, 
1915,  and  November,  1921,  36  cases  of  anthrax  were  admitted  to  Bellevue 
Hospital,  ten  of  these  undoubtedly  being  due  to  shaving  brushes.  These 
investigators  purchased  shaving  brushes  in  the  open  market  in  the  City 
of  New  York  and  found  that  7.3  per  cent  of  the  brushes  carried  anthrax. 
The  U.  S.  Public  Health  Service  recommends  that  new  brushes  should  be 
soaked  for  four  hours  in  a  10  per  cent  dilution  of  liquor  formaldehydi. 
During  this  time  the  temperature  should  be  kept  at  110°  P.  and  the  brush 
so  agitated  as  to  bring  the  solution  into  contact  with  all  hair  or  bristles. 
It  seems  to  us  that  the  U.  S.  Government  should,  for  the  time  being  at' 
least,  prohibit  the  importation  of  hair,  either  manufactured  into  brushes 
or  in  the  raw  state,  from  the  Orient  unless  all  such  articles  be  subjected 
to  a  disinfecting  process  known  to  be  adequate.  Smyth,  after  an  ex- 
tensive series  of  experiments  on  the  disinfection  of  horse  hair  infested 
with  anthrax,  says  that  this  can  be  done  satisfactorily  by  (a)  steam  under 
pressure  of  15  pounds  for  30  minutes;  (b)  dry  heat  200°  P.  for  24  hours; 
(c)  formaldehycl  as  used  in  England. 
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CHAPTER  XXXIX 

RABIES 

Hydrophobia;  Rabies  Canina;  Canine  Madness;  Lyssa 

Description. — This  is  a  specific,  infectious  disease,  prevalent  among 
wolves  and  dogs,  but  transmissible  to  all  warm-blooded  animals  includ- 
ing man.  The  virus  is  contained  in  the  saliva  of  the  rabid  animal,  what- 
ever its  species,  and  may  be  transmitted  when  the  infected  saliva  comes 
into  contact  with  a  break  in  the  continuity  of  the  epithelial,  cutaneous 
or  mucous  structure  of  any  part  of  the  susceptible  animal.  Most  fre- 
quently, the  virus  is  transmitted  from  the  infected  to  the  uninfected  by 
the  bite  of  the  former  inflicted  on  the  latter.  However,  a  bite  is  not 
essential,  nor  is  it  necessary  that  the  wound  through  which  the  virus 
enters  should  penetrate  the  deeper  parts  of  the  cutaneous  tissue.  A 
rabid  dog  may  infect  another  animal,  or  it  may  infect  man  by  licking 
the  hand  or  other  part  of  the  body  where  there  has  been  only  a  slight 
epithelial  abrasion.  It  is  believed,  although  not  demonstrated  with 
entire  satisfaction,  that  the  so-called  Negri  bodies  found  in  the  brain 
of  infected  animals  constitute  the  living  virus  of  this  disease. 

In  any  discussion  of  the  epidemiology  of  rabies  it  is  necessary  that 
we  should  know  the  essential  symptoms  of  this  disease  as  they  manifest 
themselves  in  the  lower  animals  and  in  man.  It  is  needful  that  we  give 
special  attention  to  the  symptoms  as  seen  in  the  dog,  since  this  animal 
is  especially  susceptible  to  the  disease  and  is  most  active  in  imparting 
it  to  man  and  other  animals. 

It  is  a  mistake  to  suppose  that  the  earliest  symptoms  of  this  disease 
in  dogs  indicate  a  furious,  raging  disposition,  with  a  tendency  to  at- 
tack and  bite  other  animals  or  man.  The  development  of  these  symp- 
toms is  gradual  and  the  infected  animal  passes  through  a  stage  which 
might  be  described  as  one  of  unrest  and  solicitude.  Usually,  in  the 
first  stage  the  animal  seeks  to  hide  itself.  It  makes  many  vain  en- 
deavors to  rest,  crawling  under  the  furniture  or  into  out  of  the  way 
corners,  and  places  itself  in  one  of  the  many  attitudes  of  rest  usually 
manifested  by  this  animal;  but  it  has  no  sooner  placed  itself  in  such 
an  attitude  than  it  seems  dissatisfied  with  its  position,  shows  marked 
inquietude,  and  tries  to  find  a  better  resting  place.  During  this  stage 
the  infected  animal  may  show  unusual  familiarity.  There  is  no  tend- 
ency to  bite,  but  it  likes  to  caress  other  animals,  and  to  bestow  especial 
attention  upon  its  master  and  others  of  the  household.     The  agitation 
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and  restlessness  become  more  marked,  it  scatters  and  pulls  about  with 
its  jaws  and  paws  the  material  of  which  its  bed  is  made  or  scratches 
and  sniffles  in  the  corners,  at  the  doors,  and  against  the  wall.  The 
excitement  becomes  more  marked  still,  there  are  evident  illusions  and 
hallucinations,  the  dog  snaps  at  imaginary  objects  in  the  air,  advances 
and  barks  as  though  apprehensive  of  some  antagonist.  In  this  stage 
the  voice  of  its  master  is  usually  sufficient  to  bring  the  animal  back 
apparently,  but  temporarily,  to  a  normal  condition.  In  the  most  af- 
fectionate manner  it  licks  the  hand  held  out  to  it,  but  it  should  be 
remembered  that  even  at  this  time  the  saliva  contains  the  virus  and  the 
affectionate  kisses  may,  if  they  rest  upon  or  involve  abraded  patches 
of  the  skin,  transmit  the  virus.     Fleming  says  in  regard  to  this  stage: 

"It  cannot  be  too  much  or  too  strongly  insisted  upon,  that,  at  the  initial  period  of 
the  disease,  the  dog  is  not  really  furious  and  mad;  but  is,  on  the  contrary,  as  ap- 
parently harmless  as  usual;  and  that  the  onset  of  rabies  is  nearly  always  manifested 
by  extremely  benignant  appearances.  Not  only  is  the  animal  not  vicious,  especially 
at  the  beginning  of  the  malady,  to  those  persons  to  whom  it  is  attached;  but,  as  al- 
ready noticed,  it  would  seem  as  if  it  became  more  than  usually  affectionate,  and  that 
this  affection  increased  with  the  disease.  Its  instinct  impels  it,  at  times,  to  draw  near 
to  its  master,  as  if  to  ask  for  relief  from  its  sufferings;  and,  if  permitted,  it  willingly 
tenders  its  recognition  of  the  care  bestowed  on  it  by  licking  the  liands  or  face.  But 
these  are  perfidious  caresses,  against  which  every  one  should  be  warned;  for,  as  certain 
as  if  by  a  bite,  they  may  implant  the  virus  if  the  animal's  tongue,  moist  with  the 
virulent  saliva,  chances  to  touch  parts  where  the  skin  is  very  thin,  excoriated  or 
wounded.  The  smallest  abrasion  may  be,  as  Bouley  impressively  asserts,  a  door  opened 
to  death;  and  what  a  death!  The  instances  in  which  hydrophobia  has  been  due  to  this 
kind  of  inoculation  are  very  numerous;  as  people  who  have  not  been  warned  do  not 
recognize  the  disease  in  the  dog  at  this  stage,  and  receive  its  Judas'  kiss  mthout  sus- 
pecting the  harm  it  may  cause." 

The  infected  animal  manifests  a  degree  of  apprehension  which  seems 
to  indicate  that  it  is  thoroughly  conscious  of  its  abnormal  condition 
and  of  the  fact  that  it  is  likely,  as  its  abnormality  develops,  to  do  injury 
to  its  best  friends.  It  is  apparently  with  the  consciousness  of  this  con- 
dition and  with  a  fearful  apprehension  of  what  it  may  do,  that  the  dog 
is  likely,  as  the  disease  progresses  in  its  brain,  to  leave  its  home  and 
wander  far  abroad.  If  free,  it  often  travels  many  miles,  exhibiting 
as  it  goes  the  symptoms  which  are  becoming  more  and  more  grave. 
It  runs  at  an  uncertain,  but  a  rapid,  rate,  and  is  likely  to  snap  at  and 
bite  any  and  every  animal  whose  path  it  crosses.  It  becomes  more  and' 
more  vicious  and  flies  savagely  not  only  at  other  dogs,  other  animals 
and  man,  but  attacks  sticks,  stones,  and  other  inanimate  objects.  During 
such  a  journey  the  insane  animal  may  wound,  and  in  doing  so  inoculate 
with  its  virus,  a  great  number  of  animals.  Finally,  after  having  traveled 
possibly  many  miles,  it  returns  to  its  home,  with  its  coat  bedraggled  and 
fouled  and  greatly  emaciated  in  flesh.     One  who  welcomes  the  returned 
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pet  is  likely  to  become  infected  from  either  a  bite  or  a  caress.  Sooner  or 
later  the  animal  passes  into  the  paralytic  stage.  Its  lower  jaw  droops, 
the  saliva  accumulates  in  the  mouth,  and  the  animal  attempts  to  remove 
it  with  its  paws.  The  paralysis,  beginning  usually  in  the  posterior  ex- 
tremities, gradually  involves  all  the  muscles  of  the  body  and  the  animal 
dies  from  asphyxiation.  During  the  paralytic  stage,  on  account  of  the 
fact  that  the  animal  cannot  close  its  mouth,  it  does  not  bite,  but  its 
saliva  contains  the  virus  in  large  amount.  Its  efforts  to  pull  the  thick 
mvicus  fiom  its  throat  may  lead  a  witness  to  believe  that  the  animal  has 
a  bone  in  its  throat  and  to  attempt  to  assist  in  its  removal.  Such  a 
procedure  is  accompanied  by  great  danger.  The  disease  in  dogs  is 
invariably  fatal. 

The  term  "hydrophobia"  means  fear  of  water  and  is  wholly  inap- 
propriate for  this  disease  in  dogs.  There  is  at  no  stage  of  the  disease 
in  this  animal  a  fear  of  water.  In  the  first  stage,  and  even  in  the 
second,  the  animal  laps  water  with  great  relish  and  even  Avith  avidity. 
In  its  journeys  it  does  not  hesitate  to  wade  and  even  to  swim  streams 
that  lie  in  its  course.  Quite  naturally,  in  the  paralytic  stage  it  cannot 
swallow.  The  unfortunate  term  "hydrophobia,"  as  applied  to  this  dis- 
ease in  dogs,  has  in  many  instances  led  to  fatal  infection  in  man.  It 
is  still  a  popular  idea  that  if  a  suspected  dog  shows  no  terror  or  aver- 
sion at  the  sight  of  water  it  cannot  be  mad. 

There  is  in  some  animals  infected  with  this  virus,  no  evidence  of  the 

.,first  and  second  stages,  as  mentioned  above.     The  animal  is  not  at  any 

.'time  furious.     It  does  not  travel,  but  apparently  passes  into  the  para- 

*  lytic   stage   from   the   beginning.      This   is   what   is   known    as   "dumb 

rabies."     The  afflicted  animal  crawls  into  some  out   of  the  way  place 

and  from  the  beginning  is  unable  to  stand  or  walk.     Here  it  lies,  with 

its  mouth  open,  and  it  may  or  may  not  have  an  overabundant  secretion 

of  saliva.     Man  often  becomes  infected  by  handling  dogs  with  dumb 

rabies.     The  old  adage,  "Let  sleeping  dogs  lie,"  probably  comes  from 

this. 

The  rabid  dog  has  a  peculiar  bark,  which  it  is  difficult  to  describe 
but  when  well  known  is  quite  characteristic.  It  is  neither  a  normal 
bark  nor  a  growl,  but  rather  a  moan.  The  dog  sits  or  stands  with  its 
nozzle  elevated,  apparently  looking  into  space,  and  emits  this  peculiar 
and  characteristic  sound.  Bouley,  chief  at  one  time  of  the  Alfort 
School  for  Veterinary  Medicine,  states  that  two  of  his  students  while 
walking  through  the  village  about  nine  o'clock  one  evening  heard  the 
howl  of  a  rabid  dog  proceeding  from  a  household  nearby.  The  howl 
was  so  characteristic  that  the  young  men  Avere  led  to  arouse  the  master 
of  the  house  and  inform  him  that  his  dog  was  rabid,  which  proved  to 
be  true  upon  an  examination  at  the  school  the  next  morning.     The  old 
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idea  that  a  dog  baying  at  the  moon  portends  some  misfortune  probably 
had  its  origin  in  this  way. 

It  is  generally  believed  that  a  foamy  and  abundant  saliva  in  all  cases 
flows  constantly  from  the  mouth  of  the  rabid  dog.  On  this  point 
Fleming   makes   the   following   statement: 

"This  is  another  serious  error;  for  the  secretion  of  saliva  is  not  much  increased, 
if  at  all,  until  the  disease  has  reached  its  furious  stage,  and  before  this  period  a  dog- 
may  be  quite  mad  without  foaming  or  slavering  at  the  mouth.  Youatt  says  there  is 
at  first  an  increased  secretion  of  saliva,  but  it  soon  lessens  in  quantity,  becomes  thicker, 
viscid,  adhesive,  and  glutinous;  and  it  adheres  to  the  comers  of  the  mouth,  fauces, 
and  teeth.  It  is  at  tliis  period  that  the  thirst  is  so  ardent,  owing  to  the  inflammation 
or  congestion  at  the  back  part  of  the  tluoat.  The  dog  sometimes  furiously  attempts 
to  detach  the  saliva  with  its  paws;  and  if,  after  a  while,  it  loses  its  balance  in  these 
attempts  and  timiljles  over,  there  can  no  longer  be  any  mistake  as  to  the  nature  of  the 
malady. ' ' 

It  is  quite  natural  to  suppose  that  in  the  development  of  its  madness 
a  dog  becomes  more  sensitive  to  pain  than  in  the  normal  condition.  Ex- 
periment, however,  has  shown  that  this  is  not  true  and  that  the  rabid 
dog  becomes  highly  insensible  to  the  severest  torture.  Such  dogs  have 
been  known  to  fly  at  and  seize  a  red  hot  poker  and  hold  it  in  their 
mouths  until  the  tissue  had  been  severely  burned.  When  the  straw  upon 
which  it  lies  is  set  afire  a  rabid  dog  will  fly  away  every  time,  but  it  does 
not  seem  to  feel,  with  normal  intensity  at  least,  any  injury  that  it  may 
suffer.  It  is  a  popular  belief,  sanctioned  by  some  able  veterinarians, 
that  a  rabid  dog  manifests  special  antipathy  for  all  others  of  its  species 
and  that  even  though  it  ma}^  be  perfectly  calm  and  harmless  while  stand- 
ing at  its  master's  side,  on  the  appearance  of  another  dog  it  will  fly  into 
a  rage  and  attack  its  felloAV  in  the  most  violent  manner.  Stories  are 
told  by  eminent  veterinarians  going  further  than  this  and  saying  that 
a  horse,  cow,  sheep,  or  any  other  animal  bitten  by  a  rabid  dog  and  while 
suffering  from  the  malady  will  attack  any  dog  that  may  come  into  its 
presence.  Renault  tells  of  a  horse  which  had  been  inoculated  experi- 
mentally with  virus  from  a  rabid  sheep  and  which  developed  rabies  from 
this  treatment.  This  horse,  he  says,  was  not  infuriated  by  the  presence 
of  dogs;  indeed,  a  dog  was  thrown  into  its  manger  and  no  attempt  was 
made  by  the  horse  to  harm  the  dog,  but  when  a  sheep  was  placed  before 
it  the  horse  became  terribly  furious,  sprang  upon  the  inoffensive  ani- 
mal, seized  it  between  its  jaws,  crushed  it  with  its  teeth,  and  shook  it 
as  a  terrier  shakes  a  rat. 

Not  every  dog  bitten  by  a  rabid  fellow  develops  the  disease.  From 
the  best  statistics  which  have  been  collected  on  this  point,  it  seems  that 
about  fifty  per  cent  of  dogs  thus  bitten  develop  rabies. 

Another  popular  error  concerning  rabid  dogs  is  that  animals  suffer- 
ing from  this  disease  will  not  eat.    Especially  during  the  first  stage  of 
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tlie  development  of  the  disease  the  animal  may  have  a  voracious  appe- 
tite, seize  and  swallow  without  difficulty  food  in  large  lumps.  In  the 
furious  stage,  it  may  tear  the  food  to  pieces,  but  swallows  it  apparently 
with  relish.  In  this  stage  the  animal  may  gnaw  and  tear  carpets,  rugs, 
and  woodwork,  and  may  demolish  its  own  kennel  and  find  escape  there- 
from; indeed,  in  some  instances  this  tendency  to  tear  inanimate  objects, 
to  gnaw  boards,  or  to  devour  straw  may  appear  before  the  animal  shows 
any  inclination  to  attack  man. 

The  period  of  incubation  in  the  dog  is  quite  variable,  usually  running 
from  one  to  four  or  five  weeks.  However,  there  are  well  authenticated 
eases,  even  those  of  experimental  inoculation,  where  the  period  of  incu- 
bation has  been  found  to  be  as  long  as  ten  or  even  fifteen  weeks.  Of 
68  clogs  inoculated  experimentally  by  Renault,  the  period  of  incubation 
did  not  prove  to  be  shorter  than  five  days  or  longer  than  118  days.  In 
26  cases  reported  by  Saint-Cyr,  the  shortest  period  was  16  days  and  the 
longest  115.  According  to  Haubner,  the  average  period  of  incubation 
in  the  dog  is  about  three  months.  However,  compared  with  other  re- 
ports, this  is  unusually  long.  Quite  naturally,  the  period  of  incubation 
will  depend  upon  the  age  of  the  dog,  the  part  bitten,  and  the  amount  of 
the  virus  introduced.  As  we  have  already  stated,  this  disease  in  the  dog 
invariably  terminates  in  death  and  in  no  instance  has  it  been  known  to 
last  for  more  than  ten  days.  When  a  dog  suspected  of  being  mad  can 
be  captured  without  risk  of  its  biting  some  one,  this  should  be  done  and 
the  animal  held  in  captivity  until  its  death  when  examination  of  its 
brain  will  show  conclusively  whether  or  not  it  had  rabies.  If  it  must 
be  killed  in  order  to  capture  it,  its  head  should  be  severed  and  sent  to 
a  Pasteur  Institute  for  examination.  If  such  a  dog  has  bitten  persons 
it  is  important  to  determine  immediately  whether  or  not  the  animal  was 
rabid,  in  order  that  the  treatment  of  the  bitten  individual  may  be 
provided  in  proper  time. 

Among  our  domestic  animals,  the  cat  comes  next  to  the  dog  in  the 
frequency  with  which  it  becomes  rabid,  and  this  is,  of  course,  due  to 
the  fact  that  it  is  often  bitten  by  the  dog.  The  relation  between  the 
cat  and  man  is  quite  different  from  that  existing  between  dog  and  man. 
The  cat  has  not  the  intelligent  appreciation  of  man's  kindness  evinced 
by  the  dog,  and  this  shows  itself  even  in  the  rabid  state.  There  is 
scarcely  anything  more  ferocious  than  a  rabid  cat.  Even  when  impris- 
oned within  a  cage  it  walks  with  its  claAvs  protruding,  endeavoring  ap- 
parently to  penetrate  the  floor.  Its  back  is  arched,  its  tail  whips  its 
flanks,  its  mouth  is  open  and  foamy,  its  eyes  glitter ;  if  opportunity  af- 
fords it  springs  with  feline  ferocity  at  the  face  of  the  person  presenting 
himself.     Inasmuch  as  its  claws  are  quite  constantly  moistened  with  its 
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saliva,  its  scratch  is  quite  as  bad  as  its  bite.  Some  veterinarians,  how- 
ever, state  that  dumb  rabies  is  more  frequent  in  cats  than  in  dogs.    ~ 

Eabies  is  not  infrequent  among  wild  animals  and  is  especially  known 
and  dreaded  in  countries  where  there  are  wolves  and  foxes.  A  pack  of 
rabid  wolves  apparently  knows  no  fear,  pursues  its  victims  relentlessly, 
and  tears  their  flesh  with  both  teeth  and  claws.  Bites  are  most  fre- 
quently inflicted  upon  the  head  and  face,  and  consequently  are  more 
likely  to  be  fatal  and  need  prompt  and  more  energetic  treatment.  It 
is  believed  by  those  who  live  in  wolf-ridden  countries  that  the  rabid  of 
this  species  attack  man,  droves  of  horses,  flocks  of  sheep,  and  other 
animals,  not  because  they  are  hungry  but  from  the  vicious  desire  to 
mutilate. 

The  vicious  horse  is  most  prone  to  use  his  heels  in  attacking  other 
animals  or  in  protecting  himself  from  them.  The  rabid  horse,  and  this 
animal  is  frequently  infected  where  the  disease  prevails  among  dogs, 
uses  his  teeth  as  well  as  his  heels.  He  bites  his  manger  and  the  par- 
titions and  may  do  so  with  so  much  strength  and  recklessness  that  his 
jaws  are  broken.  During  times  of  the  prevalence  of  rabies  in  a  com- 
munity the  disease  is  not  infrequently  transmitted  from  horse  to  man. 
This  animal  suffers  gradual  paralysis,  beginning  most  generally  in  the 
posterior  extremities,  and  dies  usually  by  the  sixth  day  in  convulsions. 

Rabid  cows  seldom  attempt  to  bite,  but  they  attack  both  animate  and 
inanimate  objects  with  their  horns,  often  with  such  violence  that  these 
are  broken.  When  they  are  hornless  they  attack  with  their  foreheads. 
Paralysis  terminates  the  life  of  the  rabid  cow  within  from  four  to  seven 
days.  The  symptoms  evinced  by  goats  and  sheep  are  very  similar  to 
those  observed  in  cattle,  though  the  tendency  to  bite  is  more  frequent 
among  goats  than  among  either  cows  or  sheep.  Hogs  are  not  so  fre- 
quently bitten  by  rabid  dogs  as  are  horses,  cattle,  sheep,  and  goats,  be- 
cau>se  hogs  are  generally  kept  in  pens  with  at  least  partial  protection 
against  rabid  dogs.  These  animals  die  within  eight  days  and  usually 
earlier.  There  are  a  fcAv  cases  on  record  in  which  rabies  has  been  in- 
flicted upon  man  by  the  bites  of  barnyard  fowls.  As  we  have  already 
stated,  all  warm-blooded  animals  are  susceptible  to  the  virus  of  this 
disease. 

The  term  ''hydrophobia"  is  not  quite  so  much  out  of  place  when  we 
study  the  symptoms  induced  in  man  as  it  is  when  applied  to  those  oc- 
curring in  dogs.  In  man,  the  period  of  incubation  passes  into  that  of 
the  active  disease,  with  the  appearance  of  pain  in  the  wound  or  in  the 
limb  upon  which  the  wound  was  inflicted.  Often  this  is  not  an  acute 
pain,  but  a  sensation  of  aching,  tingling,  burning,  coldness  or  numb- 
ness. By  this  time,  as  a  rule,  the  individual  is  conscious  of  the  danger  to 
which  he  is  subject.    Depending  somewhat  upon  his  nature,  he  1)ecomes 
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morose,  uncommunicative,  and  despondent,  or,  on  tlie  other  hand,  irri- 
table, excited,  and  restless.  He  does  not  sleep  well,  bright  light  dis- 
turbs him,  and  pains  dart  through  various  sections  of  his  anatomy.  Soon 
he  finds  that  he  has  great  difficulty  in  swallowing  any  kind  of  fluid. 
This  discovery  makes  him  apprehensive,  he  cries  for  fresh  air  and  feels 
that  he  is  dying  of  suffocation.  His  sensibility  is  intensified,  the  slight- 
est noise  alarms  and  may  terrorize  him,  his  eyes  are  fixed,  his  features 
contracted,  and  his  limbs  tremble.  Odors  imperceptible  to  others  may 
greatly  disturb  him.  There  is  overseeretion  of  a  viscid,  tenacious  mucus 
in  the  throat  and  mouth.  This  may  sometimes  be  tinged  with  blood,  the 
sight  of  which  adds  to  the  alarm  and  terror  of  the  patient.  As  a  rule, 
the  man  retains  his  mental  function  and  is  desirous  that  he  should  do 
no  harm  to  any  one  or  transmit  the  disease.  There  are  cases  reported 
in  which  man  is  said  to  behave  like  a  rabid  dog,  curses,  howls,  strikes 
at  persons  near  him,  attempts  to  bite,  and  finally  exhausts  himself 
through  violent  physical  exertion.  There  is  in  man  considerable  fear 
of  water,  and  some  pathetic  pictures  of  this  condition  are  to  be  found 
in  literature ;  such,  for  instance  as  the  death  of  Charles,  Fourth  Duke  of 
Richmond,  who  was  bitten  by  a  rabid  fox  in  a  Canadian  forest  in  1819. 
There  are  cases  in  Avhich  the  sight  of  water  or  other  fiuids,  though 
they  could  not  be  swallowed,  had  no  effect  upon  the  equanimity  of  the 
patient.  There  may  be  convulsive  spasms  involving  both  the  pharynx 
and  larynx  and  rendering  not  only  the  swallowing  of  fiuids,  but  the 
inhalation  of  air,  difficult.  There  may  be  remissions  in  which  even  the 
patient  becomes  hopeful,  but  the  pulse  becomes  feeble,  the  skin  cools, 
the  mind  wanders,  exhaustion  becomes  more  complete,  and  death 
either  supervenes  quietly  or  terminates  the  scene  in  a  violent  con- 
vulsion. In  man  the  duration  of  the  disease  averages  about  three  days, 
though  there  are  a  few  cases  reported  in  which  the  time  has  been 
lengthened  to  15  or  even  20  days. 

The  incubation  period  in  man  is  widely  variable,  depending  upon  the 
part  of  the  body  wounded  and  the  amount  of  the  virus  introduced. 
Tardieu  collected  147  cases  in  which  the  incubation  period  varied  as 
follows: 

1  month  in  26  cases 

1  to   3   months  in  93  cases 

3  to   6  months  in  19  cases 

6  to  12  months  in  9  eases 

In  the  literature,  one  finds  incredible  stories  both  as  to  the  brevity 
and  the  length  of  the  period  of  incubation  in  this  disease.  Troilliet 
quotes  an  instance  in  which  the  characteristic  symptoms  appeared  as 
early  as  the  day  following  the  injury,  and  Sauvages  gives  the  history 
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of  a  peasant  Avho  was  suffering  from  the  most  urgent  symptoms  of  hydro- 
phobia on  the  third  day  after  he  had  been  bitten  by  a  mad  wolf.  On 
the  other  hand,  Chirac  describes  a  case  which  developed  ten  years  after 
the  bite,  and  Finco,  of  Padua,  lengthens  this  to  14  years.  There  are 
numerous  other  cases  in  the  literature  in  Avhich  the  period  of  incuba- 
tion has  been  reported  to  extend  through  even  longer  periods.  These, 
however,  must  be  regarded  as  beyond  the  range  of  probability. 

History. — It  is  assumed  that  at  some  time  in  the  early  youth  of  the 
human  race,  long  before  man  had  learned  to  record  his  experiences, 
certain  more  intelligent  members  of  packs  of  wild  wolves  seceded  from 
their  fellows  and  took  upon  themselves  and  for  their  posterity  the  task 
of  serving  man  as  his  companion  and  protector.  In  all  probability 
lupine  madness  decimated  wild  animals  before  either  man  or  his  dog 
appeared  on  the  earth.  Be  this  as  it  may,  the  earliest  of  human  records 
shows  that  rabies  existed  when  these  were  made.  In  the  books  of 
Susruta,  the  earliest  Hindoo  works,  dating  about  six  centuries  B.  C, 
it  is  written  that  among  wolves,  dogs,  foxes,  jackals,  tigers,  and  bears, 
there  is  a  disease  characterized  by  foaming  at  the  mouth,  snapping  at 
and  biting  other  animals,  including  man.  Furthermore,  it  is  stated  that 
bites  inflicted  by  these  rabid  animals  on  man  lead  to  convulsions  and 
death.  There  is  in  these  books  a  recommendation  that  such  bites  should 
be  treated  by  scarification  and  the  application  of  boiling  fats.  Certain 
antidotes  of  diverse  origin  and  nature  are  suggested,  but  the  high  fatal- 
ity of  the  disease  in  man  is  emphasized.  Plutarch  tells  us  that  this  dis- 
ease was  well  known  in  the  traditions  of  Greece,  and  that  it  was  recog- 
nized by  the  Asclepiadae,  those  early  descendants  of  the  God  of  Medicine. 
It  is  stated  that  they  made  records  of  these  on  the  walls  and  tablets  of 
the  shrine  visited  by  those  seeking  aid.  According  to  Pausanius,  the 
myth  of  Actaeon,  the  hunter  who  Avas  torn  to  pieces  by  his  own  dogs 
because  he  discovered  Diana  and  her  attendants  at  the  bath,  is  founded 
upon  the  known  existence  of  rabies  among  dogs.  In  the  Iliad,  Teueer 
speaks  of  Hector  as  behaving  like  a  raging  dog  and  Ulysses  says  of  him : 

"So  with  a  furious  Lyssa  was  he  stung." 

There  have  been  various  interpretations  of  passages  in  Hippocrates 
which  might  apply  to  rabies,  but  there  is  no  question  about  the  accuracy 
of  the  statement  of  Aristotle,  who  describes  the  disease  in  dogs,  and, 
strange  to  say,  affirms  that  by  the  bite  of  the  rabid  dog  this  disease  may 
be  transmitted  to  all  animals  except  man.  Furthermore,  Aristotle  em- 
phasizes the  certain  fatality  of  this  disease  among  dogs.  The  Jewish 
Talmud  is  said  to  contain  indisputable  records  of  this  disease.  Among 
the  Romans  there  is  frequent  reference  to  the  disease  among  both  lay 
and  medical  writings.    It  is  mentioned  by  Virgil  and  Ovid,  while  Pliny 
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collected  and  recorded  a  few  facts  and  many  fables  concerning  it.  Cel- 
sus  uses  the  Greek  word  hydrophobia  and  states  that  it  is  a  most 
wretched  disease  in  which  the  sick  person  is  tormented  at  the  same  time 
Avith  thirst  and  fear  of  water  and  in  which  there  is  but  little  hope.  At 
the  time  Celsus  wrote,  there  were  two  families  in  Rome  whose  profession 
seems  to  have  been  the  removal  of  the  virus  from  bites  by  suction. 
These  operators,  it  appears,  took  proper  care  that  they  carried  at  the 
time  no  wounds  or  scars  upon  their  lips  or  in  their  mouths,  and  they 
were  accustomed  to  anoint  these  parts  with  oil  before  applying  them  to 
the  wound.  Celsus  calls  attention  to  the  danger  in  applying  one's  lips 
to  such  wounds  and,  very  sensibly,  recommends  a  cupping  instrument 
followed  by  the  use  of  the  cautery.  In  some  of  his  other  recommenda- 
tions, Celsus  was  not  so  sensible.  To  him  is  attributed  the  recommenda- 
tion that  the  hydrophobic  patient  should  be  thrown  into  water.  This 
was  with  the  idea  of  removing  the  morbid  fear  of  this  fluid.  A  transla- 
tion from  Celsus  reads  as  follows : 

"The  only  remedy  is  to  throw  the  i^atient  unexpectedly  into  a  pond,  and  if  he  has 
not  a  knowledge  of  swimming,  to  allow  him  to  sink,  in  order  that  he  may  drink,  and 
to  raise  and  again  depress  him,  so  that,  though  unwilling-ly,  he  may  be  satiated  with 
water;  for  thus  at  the  same  time  both  the  thirst  and  the  dread  of  Avater  are  removed. 
But  another  danger  arises,  lest  distention  of  the  nerves  may  destroy  the  enfeebled 
body,  being  harassed  in  cold  water;  should  this  happen,  the  patient  is  to  be  taken 
from  the  pond  immediately,  and  put  into  hot  oil.  *  *  "  Some,  after  the  bite  of 
a  rabid  dog,  immediately  send  the  patient  into  a  bath,  and  suffer  him  to  sweat  there 
while  the  strength  of  the  body  permits.  In  doing  this,  the  wound  is  also  opened,  and 
the  poison  distils  all  the  more  out  of  it.  They  afterwards  follow  the  bath  with  large 
quantities  of  pure  wine,  which  is  antagonistic  to  all  poisons;  and  when  this  has  been 
done  for  three  days,  the  man  appears  to  be  free  from  danger.  B^ut  fear  of  water 
usually  arises  from  that  wound  which  has  not  been  properly  attended  to. ' ' 

This  violent  water  treatment,  said  to  have  originated  with  Celsus, 
Avas  continued  from  time  to  time  and  under  A^arious  conditions  as  late 
as  the  seventeenth  century,  Avhen  the  folloAving  account  of  an  instance 
of  it  Avas  AAa-itten  by  an  eminent  but  a  credulous  physician  of  the  time. 
Van  TIelmont: 

"There  is  a  castle  situated  by  the  seaside,  four  leagues  from  Ghent,  which  they 
call  Cataracta.  I  saw  a  ship  passing  by  it,  and  therein  an  old  man,  naked,  bound 
with  cords,  having  a  weight  on  his  feet;  under  his  armpits  he  was  encompassed  with  a 
girdle,  wherewith  he  was  bound  to  the  sailyard.  I  asked  what  they  meant  by  that 
spectacle.  One  of  the  mariners  said  that  the  old  man  was  a  hydrophobid,  or  had  the 
disease  causing  the  fear  of  water,  and  had  lately  been  bitten  by  a  mad  dog.  I  asked 
towards  what  part  of  the  sea  they  wished  to  carry  him.  Did  they  intend  his  death? 
'  Nay,  rather, '  said  the  mariner,  '  He  shall  presently  return  whole :  and  such  is  the 
blessing  of  the  sea,  that  such  a  kind  of  madness  it  will  presently  cure.'  I  offered 
them  some  money  to  take  me  along  with  them,  as  a  companion  and  witness.  Wlien 
we  had  sailed  about  an  Italian  mile,  the  mariners  did  open  a  hole  in  the  bottom, 
whereby  the  whole   ship  was   almost   sunk,   even   to   the   brim:      indeed,   they  used  the 
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brine  to  recoct  Spanish  salt,  and  wlien  as  tliat  liole  was  now  again  exactly  slmt,  two 
men  withdrawing  the  end  of  the  sail-yard,  lifted  up  the  top  thereof,  and  bore  the  old 
man  on  high;  but  thence  they  let  him  down  headlong  into  the  sea:  and  he  was  under 
the  wa,ter  about  the  space  of  a  miserere  (1  minute  and  30  seconds),  whom  afterwards 
they  twice  more  plunged,  about  the  space  of  an  angelical  salutation  (10  seconds). 
But  they  then  placed  him  on  a  smooth  vessel,  with  Ms  back  upwards,  covered  with  a 
short  cloak.  I  did  think  that  he  was  dead;  but  the  mariners  derided  my  fear,  for  his 
bonds  being  loosened,  he  began  to  cast  up  all  the  brine  which  he  had  breathed  in,  and 
presently  he  revived.  He  was  a  cooper  of  Ghent,  who  being  thenceforth  freed  fromi 
his  madness,  lived  safe  and  sound." 

Among  the  myths  concerning  hydrophobia  collected  by  Pliny  was  one 
which  taught  that  there  is  a  worm  under  the  tongue  of  every  dog.  If 
this  worm  be  removed  from  the  young  dog  it  will  never  become  mad; 
if  it  be  removed  from  the  dog  already  rabid  and  be  eaten  by  one  who 
has  been  bitten,  the  disease  will  not  result.  This  story  had  its  origin 
in  the  resemblance  of  the  frenum  of  a  dog's  tongue  to  a  worm  or  to 
the  fancied  resemblance  between  the  two.  This  myth  concerning  the 
worm  under  the  dog's  tongue  persisted  until  late  in  the  nineteenth  cen- 
tury, and  it  was  quite  the  custom  among  the  lordly  owners  of  kennels 
in  England  to  have  their  pups  "wormed."  Strange  to  say,  this  myth 
has  been  found  to  be  prevalent  in  most  remote  parts  of  the  world.  It 
was  probably  widely  distributed  before  the  time  of  Pliny.  In  an  Anglo- 
Saxon  manuscript,  known  as  the  Leech-Book,  of  the  eleventh  century, 
the  following  advice  is  given: 

' '  Take  the  worms  which  be  under  a  mad  hound 's  tongue,  snip  them  away,  lead  them 
roundabout  a  "fig  tree,  give  them  to  him  who  hath  been  rent;   he  will  soon  be  whole.;" 

The  belief  in  the  worm  under  the  dog's  tongue  has  been  found  to  be 
widely  disseminated  not  only  in  various  parts  of  Europe,  but  in  Africa 
and  South  America.  As  late  as  1813  a  Russian  physician,  Marochetti, 
quite  stirred  the  medical  world  by  claiming  that  in  rabies,  pustules  ap- 
pear beneath  the  tongue  of  the  infected  animal  or  man  and  that  speedy 
surgical  evacuation  of  these  is  essential  to  the  cure  of  the  disease.  Maro- 
chetti stated  that  a  Ukraine  peasant  called  his  attention  to  the  existence 
of  these  pustules,  and  for  a  number  of  years  medical  papers  were  writ- 
ten upon  the  "lysses  of  Marochetti." 

In  1872  Fleming  wrote  concerning  the  operation  on  the  dog's  tongue, 
as  follows: 

"This  removal  of  the  worm  from  the  dog's  tongue,  or  'worming'  as  it  is  popularly 
termed,  has  been  practiced  from  the  days  of  Pliny  to  our  own  time,  and  is,  as  might 
be  expected,  a  perfectly  useless,  nay,  injurious  and  painful  operation.  Beneath  the 
organ,  in  the  middle,  is  a  somewhat  loose,  tendinous  looking  fold  of  membrane,  which 
constitutes  what  in  technical  language  is  called  the  '  f raenum, '  or  bridle  of  the  tongue, 
and  is  designed  to  assist  the  animal  in  lapping.  When  in  its  ordinary  relaxed  condi- 
tion, this  fraenum  looks  like  a  small  worm,  and  the  resemblance  is  perhaps  even  more 
complete  when  it  has  been  torn  out.    Hence  the  name  of  the  operation,  wliich  is  a  cruel 
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one,  aud  gives  the  poor  dog-  a  very  sore  mouth  for  several  days,  in  addition  to  ren- 
dering the  tongue  less  capable  of  performing  its  important  functions.  The  supposition 
that  this  procedure  will  prevent  a  dog  from  becoming  spontaneously  rabid,  or  liable 
to  infection  if  bitten,  is  excessively  absurd,  as  the  presence  of  the  imaginary  worm  has 
no  influence  whatever  in  the  production  of  the  malady,  while  its  absence  must  be  a 
source  of  inconvenience  to  the  dog,  and  far  more  likely  to.  induce  rabies  than  to  pre- 
vent its  occurrence.  The  operators  justly  deserve  tlie  punishment  which  will  be 
awarded  them,  should  they  come  within  the  cognizance  of  the  Eoyal  Society  for  the 
Prevention  of  Cruelty  to  Animals.  Dr.  Samuel  Johnson,  who  was  never  at  a  loss  for 
a  definition,  when  alluding  to  the  opinion  prevalent  in  his  time  with  regard  to  this 
worm,  called  it  'a  substance,  nobody  knows  what,  extracted  nobody  knows  why.'  " 

Baron  Munchausen  had  some  rivahs  in  those  who  wrote  on  hydro- 
phobia in  the  middle  ages.  There  are  many  big  stories,  especially  about 
the  terror  into  Avhich  infected  individuals  were  thrown  at  the  mention 
of  water  or  any  other  drinkable  fluid.  Eudemus  tells  of  one,  Themison, 
suffering  from  hydrophobia,  entreated  those  who  entered  his  room  to 
keep  at  a  distance,  and  finally  tears,  flowing  from  his  own  eyes,  threw 
him  into  a  state  of  rao'ing  madness  when  he  started  up  and  tore  his  gar- 
ments. Some  centuries  later,  a  doctor  reported  a  case  in  which  his 
patient,  supposing  himself  to  be  quite  Avell,  went  to  the  cellar  to  draw  a 
flagon  of  beer.  No  sooner  did  the  beer  begin  to  flow  than  the  man  was 
seized  with  terror  and  ran  into  the  open  Avith  the  spigot  in  his  hand. 
Soranus  tells  us  that  he  saw  an  infant,  afflicted  with  hydrophobia,  struck 
with  terror  at  the  sight  of  its  mother's  breasts. 

Of  all  the  Roman  Avriters  on  hydrophobia  the  most  intelligent  was 
Caelius  Aurelianus,  about  whose  period  of  life  there  are  A^arying  opin- 
ions, Avith  the  date  running  from  the  first  to  the  fifth  century  A.D.  This 
author  deA^otes  quite  a  chapter  to  the  disease  and,  among  other  things, 
he  discusses  its  antiquity  and  comes  to  the  conclusion  that  it  AA^as  old 
at  the  time  he  AAa-ote.  He  probably  AA^as  the  first  to  clearly  point  out  that 
in  this  disease  there  is  no  fear  of  Avater  among  dogs  and  that  the  fear  of 
fluid  in  the  case  of  man  is  due  to  difficulty  in  swalloAving.  He  speaks 
of  the  inappropriateness  of  the  AA'ord  hydrophobia  and  points  out  that 
difficulty  in  SAvalloAving  exists  in  other  diseases.  While  some  of  his 
descriptions  are  ludicrous,  the  folloAving  quotation  sIioavs  his  good  sense : 

"Let  the  patient's  chamber  be  tolerably  warm  and  light;  and  have  the  part  that 
was  bitten  covered  with  a  piece  of  clean  warm  flannel.  If  it  lie  necessary  to  bleed 
him,  let  the  blood  be  received  in  the  hands  of  the  assistant,  lest  the  noise  of  its  falling 
into  the  basin  should  affect  the  patient.  Talk  to  him  about  washing  and  drinking,  and 
if  he  hears  this  without  alarm,  you  may  then  give  him  something  to  drink;  if  not,  you 
may  let  him  suck  through  the  spout  of  a  pot,  covering  his  eyes  or  darkening  the  room. 
Let  his  nurses  be  discreet  and  not  loquacious,  and  have  him  exercised  in  a  stretcher  or 
sedan  chair.     If  he  refuses  to  take  any  liquid  by  the  mouth,  give  it  him  by  enema. ' ' 

During  the  middle  ages  certain  shrines  became  famous  for  their  suc- 
cess in  the  treatment  of  hydrophobia.     The  most  notable  of  these  seems 
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to  have  been  that  of  St.  Hubert  in  the  Ardennes.  The  legend  Avas  that 
St.  Hubert,  while  praying  at  the  tomb  of  St.  Peter  in  Rome,  was  visited 
by  an  angel  who  gave  him  a  miracle-working  stole  and  a  golden  key. 
Here  is  the  published  (1671)  regulation  to  be  followed  by  those  who 
sought  protection  from  hydrophobia  at  the  Shrine  of  St.  Hul)ert: 

' '  The  afflicted  person  wearing  the  stole  in  honor  of  St.  Hul)ort  begins  by  confessing 
and  fasting  for  nine  successive  days;  must  sleep  alone  either  in  white  sheets  newly 
washed,  or  else  entirely  dressed;  must  drink  alone,  and  not  bend  the  head  down  in 
drinking  at  fountains  or  rivers;  may  drink  red  and  white  wine  and  claret  mixed  mth 
water,  or  water  alone;  may  eat  white  and  other  bread;  pork  of  a  male  pig  not  more 
than  a  year  old,  capons  or  pullets  of  the  same  age;  fish  having  scales,  such  as  smoked 
herrings  and  carp,  and  hard  boiled  eggs;  all  of  which  must  be  eaten  cold,  and  in  no 
other  manner.  The  head  must  not  be  combed  for  40  days,  and  if  the  person  receives 
a  wound,  or  the  bite  of  any  animal  drawing  blood,  he  must  practice  the  same  ab- 
stinence for  the  space  of  three  days  without  returning.  On  the  tenth  day  he  must 
have  his  bandage  taken  off  by  a  j)riest,  and  cause  it  to  be  burned,  and  the  ashes  cast 
into  the  piscina.  He  must  keep  the  feast  of  St.  Hubert  every  year,  viz.,  on  the  third 
day  of  November.  He  may  grant  reprieve  to  all  persons  bitten  by  any  mad  animal 
from  40  to  50  days. ' ' 

So  much  scandal  arose  from  the  treatment  of  persons  supposed  to 
have  been  bitten  by  rabid  dogs  at  the  Shrine  of  St.  Hubert  that  on  the 
tenth  of  June,  1671,  the  Catholic-  clergy  at  the  Sorbonne  declared  the 
practices  superstitious  and  the  claims  of  cures  unjustified.  The  clergy 
of  St.  Hubert,  with  the  approval  of  the  Bishop  of  Liege  and  the  theo- 
logical faculty  of  Louvain,  endeavored  to  justify  their  claims  and  to 
obtain  permission  to  continue  their  practices.  In  this  they  were  aided 
and  abetted  by  one  of  the  most  prominent  physicians  of  the  time.  Van 
Helmont,  who  wrote  as  follows : 

"Our  good  Catholics,  despairing  of  relief  from  the  faculty,  repair  to  St. 'Hubert, 
at  whose  shrine,  by  virtue  of  certain  ceremonies,  they  are  cured ;  but  it  is  worthy  of 
remark,  if  these  ceremonies  are  not  strictly  observed,  the  latent  rallies  immediately 
breaks  out,  and  they  become  irrecoverably  hydrophobic.  There  is  a  vestment  of  St. 
Hubert,  which  is  preserved  in  a  chest,  secured  by  six  locks,  the  keys  of  which  are  kept 
by  the  six  different  vergers.  For  these  four  score  years  past,  they  have  been  contin- 
ually cutting  off  pieces  from  this  holy  vestment;  nevertheless  it  remains  to  this  day 
perfectly  entire.  Now  it  is  impossible  that  there  should  be  any  imposture  in  the  case; 
for  they  have  never  been  able  to  discover  whether  this  miraculous  robe  be  of  linen, 
woolen,  or  of  silk;  consequently  it  cannot  be  annually  reaiewed.  Tliey  cut  off  a  piece 
of  the  robe,  and  incarnate  a  thread  between  the  skin  of  the  patient 's  forehead.  Hence 
another  miracle — for  a  person  thus  cured  becomes  possessed  of  a  power  to  postpone 
the  hydrophobia  during  40  days,  in  any  of  his  acquaintance,  who,  after  being  bitten, 
may  not  have  leisure  immediately  to  visit  St.  Hubert;  on  the  condition,  however,  that 
if  they  exceed  the  40  days  ever  so  little,  without  a  i^rorogation  of  the  term  they  g"o 
mad  irrecoverably. ' ' 

According  to  James,  there  were  in  Spain  as  late  as  the  eighteenth  cen- 
tury groups  of  persons  calling  themselves  Saludadores  Avho  pretended  to 
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cure  certain  diseases,  with  special  emphasis  on  hydrophobia,  por  ensalmos, 
or  by  incantation.  They  claimed  to  carry  in  their' throats  a  figure  of  the 
cross,  consisting  of  the  uvula  and  the  palate,  and  in  the  roofs  of  their 
mouths  lines  representing  St.  Catharine's  wheel.  They  claimed  that 
mad  dogs  would  flee  at  their  approach  and  that  a  good  look  from  one 
of  them  would  kill  a  rabid  dog,    James  says : 

' '  They  are  all  great  drunkards,  and  pretend  that  wine  not  only  enables  them  to 
blow  more  forcibly,  but  also  increases  the  virtue  of  the  blast. ' ' 

There  have  been  from  the  earliest  times  down  to  the  present  century 
various  recipes  for  the  cure  of  hydrophobia.  Some  of  them  have  been 
handed  dow^n  from  generation  to  generation  in  certain  families,  and 
since  many  dogs  that  bite  people  are  not  rabid  and  furthermore,  since 
all  persons  bitten  by  rabid  dogs  do  not  develop  the  disease,  many  of 
these  recipes  have  acquired  great  fame.  Fabulous  prices  have  been 
paid  for  their  loan,  and  even  eminent  physicians  have  from  time  to  time 
been  induced  to  recommend  them.  Mead,  probably  the  greatest  Eng- 
lish physician  immediately  following  Sydenham,  had  one  of  these  for- 
mulae introduced  into  the  London  Pharmacopeia  under  the  name  of 
pulvis  antilyssis.  One  of  the  last  of  these  nostrums,  so  far  as  we  know, 
to  find  sale  in  the  United  States  was  tJie  so-called  ''Thompson  Eemedy'- 
which,  as  late  as  1906,  was  made  at  Hyattsville,  Md,  The  manufacturer 
claimed  that  its  chief  ingredient  was  taken  from  a  plant  which  grows 
in  South  America  and  British  India  but  which  had  not  been  identified 
by  the  United  States  Agricultural  Department. 

Foot  castigated  Mead  for  endorsing  the  nostrum,  as  follows: 

"Dr.  Mead,  well  known  to  the  medical  world,  has  written  an  eS'Say  on  the  bite  of  a 
mad  dog.  He  has  introduced  it  in  his  usual  manner,  with  great  display  of  reading,  and 
hypothetical  conjecture.  This,  like  a  great  many  more  of  Dr.  Mead's  essays,  is  of  no 
other  value  than  to  shew  how  well  he  was  acquainted  with  the  writings  of  the  ancients. 
*  *  *  He  has  added  one  more  imaginary  prophylactic  to  the  former  stock.  This 
he  got  from  a  gentleman  of  the  name  of  Dampier,  in  whose  family  it  had  been  kept  a 
secret  for  many  years.  It  would  have  been  well,  if  it  had  remained  there.  It  was  first 
published  in  the  Philosophical  Transactions,  in  the  year  1670,  and  consists  of  the  lichen 
cinerius   terrestris,   in  English,  the  ash-colored   ground   liverwort,   and   black   pepper." 

Fothergill  recommended  that  the  wound  inflicted  by  the  rabid  animal 
be  enlarged,  packed  with  gunpowder,  and  exploded.  He  thought  that 
in  this  way  the  poison  would  be  suddenly  discharged. 

Hunter  (John)  employed  the  cautery,  but  without  saving  the  patient, 
while  James,  Chapman  and  others,  insisted  on  free  excision  with  the 
knife  and  Chapman  called  attention  to  the  fact  that  if  the  knife  were 
introduced  into  the  w^ound  it  would  carry  the  virus  into  the  surround- 
ing tissue  during  the  operation.  There  is  no  evidence  that  any  surgical 
procedure  has  ever  prevented  death  from  this  disease,  although  cauter- 
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ization  with  fuming  nitric   acid  is   still   recommended  and   should   be 
employed. 

From  the  earliest  times  up  to  and  even  subsequent  to  the  discoveries 
of  Pasteur  there  has  been  an  occasional  writer  who  has  held  that  there 
is  in  reality  no  such  disease  as  rabies  and  that  the  symptoms,  and  even 
death,  are  due  to  a  diseased  state  of  the  mind.  This  matter  was  dis- 
cussed by  Caelius  Aurelianus  in  classical  times,  and  he  was  thoroughly 
convinced,  as  he  states,  that  ''hj'drophobia  is  a  passion  of  the  body,  not 
of  the  mind."  He  admitted  that  the  mind  is  affected,  but  through  the 
body.  He  went  further  and  decided  that  in  this  disease  the  symptoms 
are  due  to  the  effect  of  some  poison  upon  the  central  nervous  system. 
Spontaneous  madness  in  both  man  and  dog  was  believed  to  be  possible 
by  some  most  competent  men  even  up  to  the  time  of  Pasteur's  discovery. 
In  1872  Fleming,  whose  work  on  rabies  is  on  the  whole  valuable  and 
sound,  wrote  as  follows: 

"For  many  years,  and  even  now,  the  spontaneous  origin  of  rabies  in  the  species  of 
animals  in  which  it  is  most  frequently  witnessed  has  been  denied  by  authorities  who 
have  ranged  themselves  on  the  side  of  the  contagionists,  whose  belief  it  is  that  con- 
tagious diseases  are  propagated  and  maintained  solely  by  the  transmission  of  a  specific 
virus  from  the  diseased  to  the  healthy,  and  that  no  transmissible  disease  ever  arises 
spontaneously,  but  that  its  infecting  element  is  always  in  existence.  *  *  *  In  cer- 
tain maladies  which  develop  a  contagium  capable  of  producing  the  same  morbid  dis- 
turbance that  characterizes  them  when  transferred  to  healthy  animals,  we  are  almost, 
if  not  altogether  compelled  by  the  force  of  reasoning  and  the  power  of  indisputable 
facts  to  admit  their  spontaneous  origin  from  a  concurrence  of  circumstances — m.any  of 
them  perhaps  obscure — whose  operation  we  are  not  always  able  to  trace,  save  in  the 
effects  produced  in  the  creatures  subjected  to  tlieir  operation." 

Even  today  there  is  a  widely  prevalent  opinion  that  a  dog  may  become 
rabid  on  account  of  the  great  heat  of  summer,  especially  when  the 
animal  has  not  an  abundant  supply  of  water  and  when  it  wears  a  muz- 
zle. We  still  hear  echoes  of  the  old  belief  that  muzzling  dogs  causes 
them  to  go  mad  and  that  they  may  be  driven  to  madness  by  close  con- 
finement and  by  improper  food.  It  is  needless  to  add  that  there  is  no 
such  thing  as  spontaneous  madness  or  rabies  in  any  animal,  man  or 
beast. 

There  were  many  tests  of  madness,  some  of  which  had  the  sanction 
of  high  authorities  in  science.  The  French  Academy  at  one  time  directed 
that  a  piece  of  boiled  meat  should  be  rubbed  over  the  gums  and  teeth 
of  an  animal  killed  on  suspicion  and  then  offered  to  another.  It  was 
affirmed  that  if  the  dead  dog  had  been  rabid  the  living  animal  would 
flee  with  horror  from  the  food  offered.  However,  as  early  as  the  six- 
teenth century  the  best  authorities  recommended  that  the  suspected 
animal  should  not  be  killed  but  should  be  held  in  safety  under  observa- 
tion and  that  if  it  had  rabies  it  would  surely  die  within  ten  days. 
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The  possibility  of  the  indirect  transfer  of  the  virus  from  the  rabid 
animal  to  man  has  been  recognized  from  remote  times.  Caelius 
Aurelianus  tells  of  a  seamstress  avIio,  in  mending  a  cloak  torn  by  the 
teeth  of  a  rabid  dog,  wet  the  seams  Avith  her  tongue  and  laid  the  edges 
of  the  rent  with  her  mouth  as  she  sewed  in  order  that  the  needle  might 
pass  with  more  ease  and  in  this  way  acquired  the  disease  and  died  from 
it,  Hildanus  reports  a  case  in  Avhich  a  mad  dog  tore  the  gown  of  its 
mistress  but  did  not  wound  her  person.  The  woman  in  mending  the 
garment  bit  off  the  threads  and  in  three  months  died  from  hydrophobia, 
Schenckiiis  tells  of  a  man  who  kissed  his  mad  dog  which  was  about  to 
be  killed  and  afterwards  perished  of  hydrophobia.  There  is  at  least 
one  case  in  which  it  is  claimed  that  a  boy  accidentally  cut  himself  with 
a  knife  which  had  been  used  in  killing  a  rabid  dog  and  which  had  been 
subsequently  kept  for  some  time  protected  from  the  light  in  its  scab- 
bard. The  boy  is  said  to  have  died  from  hydrophobia.  Fox  hunters  in 
England  long  ago  learned  that  it  is  necessary  to  thoroughlj^  sterilize  the 
kennels  in  which  rabid  dogs  had  been  kept  wdien  fresh  animals  are  in- 
troduced, and  in  fact,  it  may  be  stated  that  in  many  instances  steriliza- 
tion of  kennels  as  practiced  at  that  time  proved  to  be  a  failure.  The 
rabid  dog  was  likely  to  spread  its  virulent  saliva  over  its  collar  and- 
along  its  leash,  as  well  as  upon  surrounding  objects,  and  in  this  way 
the  ncAv  dog  was  likely  to  acquire  the.  disease. 

It  must  not  be  supposed  that  no  real  scientific  information  concern- 
ing hydrophobia  was  obtained  until  the  time  of  Pasteur.  Some  of  those 
who  studied  the  disease  had  practiced  both  keen  observation  and  experi- 
ment. It  was  known  that  in  rabies  the  lymphatic  glands  are  not  in- 
volved and  that  this  is  quite  different  from  what  occurs  in  tuberculosis 
and  syphilis.  It  was,  therefore,  argued  that  the  virus  does  not  travel 
from  the  point  of  inoculation  to  the  brain  through  the  blood  stream, 
but  passes  along  the  nerve.  Research  went  further  and  demonstrated 
by  experiment  that  tlie  virus  is  contained  not  only  in  the  saliva,  bvit  in 
the  nerves.  Rossi  inoculated  healthy  animals  with  emulsions  of  nerv- 
ous tissue  taken  from  rabid  dogs  and  thus  induced  the  disease.  At- 
tempts were  made  to  study  the  effects  of  chemicals  on  the  virus  by 
submitting  the  saliva  and  the  nervous  tissue  of  rabid  animals  to  the 
action  of  supposed  antidotes  outside  the  body  and  then  inoculating 
animals  Avith  the  treated  material. 

We  have  given  this  sketchy  outline  of  the  history  of  hydropliobia  for 
the  purpose  of  shoAving  how  this  disease  has  accumulated  a  great  variety 
of  superstitions  mixed  with  small  grains  of  fact.  While  in  number  of 
deaths  this  disease  does  not  compare  with  many  others,  its  history  well 
illustrates  how  for  quite  2,500  years  man  groped  through  the  darkness, 


RABIES  877 

when,  suddenly  and  unexpectedly,  the  glare  of  midday  broke  upon  his 
vision.  It  is  safe  to  say  that  before  the  discovery  of  Pasteur  no  animal, 
man  or  beast,  ever  recovered  from  this  disease.  Unlike  most  scientific 
discoveries,  that  of  Pasteur  in  the  prevention  of  this  disease  was  not 
foretold  by  previous  investigations.  In  the  history  of  science  there 
have  been  but  few  such  brilliant  and  unheralded  advances. 

Pasteur's  Work. — In  1881  Pasteur  demonstrated  by  inoculation  of 
animals  that  the  virus  of  the  disease  is  contained  in  the  central  nervous 
tissue,  brain,  and  cord  of  animals  dead  from  this  disease.  In  1882  he 
produced  the  disease  by  intravenous  inoculations  and  showed  that  both 
kinds  of  rabies,  the  furious  and  the  paralytic,  might  follow  inoculation 
with  the  same  virus.  In  1884  he  succeeded  in  obtaining  a  potent  and 
fixed  virus.  This  needs  some  explanation.  Quite  naturally,  it  was 
found  that  the  virus  obtained  from  the  central  nervous  system  of  dogs 
acquiring  the  disease  in  the  natural  way  and  known  as  "street"  virus 
was  of  widely  variable  strength.  It  followed  from  this  that  before 
strictly  scientific  work  could  be  done,  a  virus  of  definite  strength  should 
be  obtained  in  order  that  uniform  results  could  be  secured.  Pasteur 
found  that  by  successive  inoculations  of  rabbits  through  about  30  in- 
dividuals he  Avas  able  to  obtain  a  poison  which,  quite  constantly,  killed 
the  animal  on  the  seventh  or  eighth  day;  in  other  words,  by  repeated 
transmissions  through  the  rabbit  the  action  of  the  virus  was  intensified 
up  to  a  definite  and  fairly  stationary  point.  This  is  known  as  the 
"fixed"  virus.  Having  secured  this  potent  or  fixed  virus,  it  was  neces- 
sary to  find  some  way  of  attenuating  its  action  outside  the  body  and 
under  conditions  which  can  be  definitely  controlled.  In  1885  Pasteur 
discovered  that  the  virus  contained  in  the  spinal  cord  of  a  rabbit  dying 
from  inoculation  with  the  potent  or  fixed  i)reparation  could  be  attenu- 
ated by  suspending  the  cord  in  a  sterilized  glass-stoppered  bottle,  in 
the  bottom  of  which  caustic  soda  had  been  placed.  The  alkali  absorbs 
the  moisture  and  by  keeping  these  bottles  at  a  constant  temperature 
the  drying  proceeds  uniformly  and  is  accompanied  by  progressive  and 
regular  attenuation  of  the  virus  in  the  tissue.  A  cord  which  has  been 
dried  in  this  way  was  found  by  Pasteur  to  have  completely  lost  its  viru- 
lence after  fourteen  days.  A  method  of  immunizing  either  man  or 
animals  to  the  virus  of  rabies  was  in  this  way  established.  The  virus 
introduced  by  the  bite  of  the  rabid  animal  travels  along  the  cord  slowly 
and  does  not  induce  any  symptoms  until  it  reaches  and  accumulates  in 
the  central  nervous  sj^stem.  If  the  bitten  individual  be  treated  suc- 
cessively day  by  day  with  emulsions  of  cords  of  different  degrees  of 
virulence  the  central  nervous  system  may  be  made  immune  before  the 
virus  introduced  by  the  bite  reaches  this  tissue.  It  is  much  as  though  a 
man  were  told  on  the  first  of  Januarv  that  on  the  first  of  March  a  fatal 
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close  of  morpliin  would  be  administered  to  him.  The  man,  with  this 
information,  could  begin,  when  told,  the  daily  self-administration  of 
small  but  gradually  increasing  doses  of  this  poison  and  on  the  first  of 
March  when  the  fatal  dose  was  administered  to  him  it  would  not  kill 
him.  This  is  a  brief  statement  of  the  fundamental  facts  established  by 
the  work  of  Pasteur.  In  1884  Pasteur's  claims  were  investigated  by  a 
special  commission,  which  inoculated  subdurally  38  dogs,  19  of  which 
had  been  previously  subjected  to  the  Pasteur  and  19  of  which  had  had 
no  such  treatment.  All  the  animals  Avhich  had  received  the  treat- 
ment lived,  while  13  out  of  the  19  unprotected  died  from  rabies  within 
two  months.  Pasteur  made  his  first  human  demonstration  in  July,  1885. 
The  subject  was  a  boy  nine  years  of  age  who  had  received  14  serious 
bites  by  a  rabid  animal,  distributed  over  the  hands,  legs,  and  thighs. 
The  boy  did  not  develop  rabies. 

Since  Pasteur  formulated  his  method,  proceedings  in  the  attenuation 
of  the  virus  have  been  variously  modified,  but  the  principles  remain  the 
same.  It  is  hardly  within  the  province  of  a  Avork  on  epidemiology  to  go 
into  these  matters  in  detail. 

Results  of  the  Pasteur  Treatment. — While  the  discovery  of  immuniza- 
tion to  rabies  is  only  one  of  the  many  brilliant  achievements  of  Pasteur, 
his  name  has  become  most  widely  and  continuously  known  in  connec- 
tion with  this  work,  and  Pasteur  Institutes,  one  feature  of  which  and 
generally  the  most  striking,  is  to  treat  persons  who  have  been  bitten 
by  rabid  animals,  have  been  established  in  every  part  of  the  civilized 
world.  In  1886  the  number  of  persons  treated  at  the  Mother  Institution 
in  Paris  was  2,671,  of  which  25  died.  In  nearly  every  one  of  these  cases 
death  was  due  to  delay  in  treatment.  In  1896  the  number  treated  had 
fallen  to  1,308,  with  four  fatal  cases.  In  1910  the  number  treated  was 
401,  without  a  death.  In  1919  the  number  of  cases  treated  in  this  insti- 
tution was  1,815,  with  three  deaths.  The  increase  in  the  number  treated 
in  1919  was  in  part  due  to  the  general  demoralization  caused  by  the 
War  and  in  part  to  the  closing  of  some  of  the  auxiliary  institutes  in 
France  and  adjacent  countries. 

In  the  laboratories  of  the  New  York  City  Health  Department  from 
1906  to  1919  inclusive  there  were  5,134  cases  treated,  with  a  total  mor- 
tality of  0.39  and  a  corrected  mortality  of  0.12  per  cent.  It  is  custom- 
ary to  exclude  from  the  mortality  list  those  who  develop  rabies  within 
15  days  after  the  last  treatment,  because  it  is  believed  that  in  these  the 
virus  introduced  with  the  bite  has  been  too  virulent  and  has  progressed 
through  the  nerves  too  rapidly  to  permit  the  establishment  of  immunity 
in  the  central  nervous  system  before  the  poison  has  already  reached  and 
damaged  this  tissue.  . 
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On  account  of  an  outbreak  of  rabies  in  Michigan,  a  Pasteur  Institute 
for  the  treatment  of  this  disease  was  opened  at  the  University  in  May, 
1903.  From  that  time  up  to  January,  1922,  1,621  patients  received 
treatment  in  this  institution.  In  nearly  every  case  the  fact  that  the 
dog  inflicting  the  bite  was  rabid  was  shown  by  the  demonstration  of 
the  Negri  bodies  in  its  brain.  One  of  the  earliest  patients  applying  for 
treatment  at  this  institution  came  from  a  sparsely  settled  portion  of 
northern  Minnesota.  It  was  reported  that  this  patient  developed  hydro- 
phobia and  died  from  its  effects  some  months  after  receiving  treatment, 
but  no  authentic  information  could  be  secured.  During  the  influenza 
epidemic  in  October,  1918,  a  patient  who  had  received  ten  injections 
developed  influenza  and  as  a  consequence  of  this,  treatment  was  discon- 
tinued. This  person  died  five  days  later  of  pneumonia,  but  there  was  a 
rumor  that  his  pneumonia  Avas  complicated  with  symptoms  of  rabies. 
With  these  possible  exceptions,  there  have  been  no  deaths  among  those 
treated  at  this  institution.  There  have  been  no  harmful  sequelae,  such 
as  paralytic  symptoms.  The  first  780  patients  received  the  original 
Pasteur  treatment,  consisting  in  the  injection  of  emulsions  of  dehydrated 
cords.  Since  that  time,  841  cases  have  been  treated  according  to  the 
Gumming  method.  The  basis  for  this  method  is  the  destruction  of  the 
rabic  virus  by  either  formaldehyd  or  by  dialysis.  By  either  pro- 
cedure, rabic  brain  is  first  macerated  in  distilled  water  in  the  proportion 
of  1  gram  of  brain  substance  to  100  c.c.  of  water.  To  this  brain  sus- 
pension, 0.24  c.c.  of  formalin  is  added,  and  after  three  hours'  exposure 
to  the  action  of  this  disinfectant,  the  supernatant  homogeneous  suspen- 
sion is  transferred  to  collodion  sacs  which  are  suspended  in  running 
distilled  water.  A  negative  test  for  formaldehyd  indicates  the  com- 
pletion of  dialysis.  Here  the  process  of  dialysis  is  for  the  purpose  of 
removing  the  formaldehyd  after  it  has  destroyed  the  virulence  of  rabic 
virus. 

On  the  other  hand,  dialysis  may  be  used  alone  for  the  destruction  of 
the  virus.  By  this  procedure,  the  attenuation  and  final  destruction  of 
the  virus  depends  upon  the  removal  of  salts.  This  is  determined  by  the 
rapidity  of  dialysis  or  the  thickness  of  the  dialyzing  membrane. 

The  vaccine  prepared  by  either  procedure  is  nonvirulent.  When  put 
to  the  crucial  test  by  intracranial  injection,  it  will  not  produce  rabies. 
In  this  respect,  it  differs  from  the  Pasteur  and  the  Hogyes  methods,  for 
by  these  the  immunization  is  brought  about  on  the  one  hand  by  the 
injection  of  emulsions  of  attenuated  rabic  cords,  and  on  the  other  by 
high  dilutions  of  fresh  rabic  brain  in  suspensions.  Notwithstanding  the 
total  destruction  of  the  virulence  of  rabic  virus  by  the  Gumming  method 
of  dialysis,  the  vaccine  so  prepared  confers  immunity. 

By  the  Plogyes  method  of  treatment,  there  is  developed  in  rabbits. 
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an  iminiiiiity  wliicli  protects  against  1.5  m.l.d's  of  fresh  rabic  brain  sus- 
pension injected  intracranially.  The  Pasteur  method  protects  against 
2  m.l.d's,  and  the  Gumming  method  against  4  m.l.d's. 

In  Michigan  and  adjoining  states  the  incidence  of  rabies  constantly 
declined  until  about  a  year  ago,  since  which  time  it  has  been  on  the 
increase.  The  establishment  of  the  institute  and  the  notoriety  given 
to  it,  probably  had  something  to  do  with  the  greater  precautions  that 
were  taken,  but  recently  there  is  evidence  that  the  lessons  of  the  past  are 
being  forgotten  and  during  the  past  summer  and  fall  there  has  been 
more  rabies  than  usual.  Three  individuals  who  reached  the  institution 
after  having  developed  symptoms  of  the  disease  died  Avithin  36  hours. 
In  two  of  these  the  time  elapsing  between  the  bite  and  the  first  appear- 
ance of  symptoms  was  seven  weeks;  in  both,  the  bites  were  on  the  ex- 
tremities. In  the  three  cases  the  time  between  the  appearance  of  the 
first  sjmiptoms  of  rabies  and  death  was  less  than  five  days. 

Another  modification  of  the  Pasteur  treatment  is  that  of  Harris. 
By  this  method  of  preparing  vaccine,  it  was  found  that  by  using  Shack- 
ell's  procedure  for  desiccation,  brain  and  cord  may  be  dried  in  toto  with- 
out destruction  of  virulence.  The  material  to  be  dried  is  placed  in  a 
vacuum  desiccating  jar  which  contains  sulphuric  acid.  The  temperature 
of  the  jar  is  reduced  to  several  degrees  below  0°  C,  by  submersion  in 
a  salt  and  ice  mixture,  and  a  rapid  vacuum  is  produced  by  suction  to 
less  than  2  mm.  of  mercury.  The  time  required  for  the  complete  extrac- 
tion of  water  by  this  freezing-vacuum  method,  is  24  to  36  hours.  Kabic 
brain  so  treated  and  kept  in  vacuum  retains  its  virulence  for  several 
months.  The  dried  material  is  like  chalk  and  is  easily  pulverized.  It 
is,  however,  hygroscopic  and  after  a  few  hours'  exposure  to  air,  becomes 
leathery  and  rapidly  loses  its  infectivity. 

Pelser  (1920)  has  made  an  interesting  studj^  of  the  accidents  and 
sequelae  of  the  Pasteur  treatment.  He  says  that  paralysis  has  followed 
this  treatment  in  163  out  of  211,774  treated  persons.  Of  these,  there 
have  been  paraplegias,  Avith  the  lesions  in  the  dorsal  lumbar  cord; 
creeping  or  Landry's  paralysis,  with  meningeal  symptoms;  indefinite 
neuritic  forms,  occasionally  with  slight  facial  paralysis,  and  a  few  cases 
of  progressive  psychoses.  Even  in  these  sequelae,  however,  the  tend- 
ency is  to  recovery.  Were  we  inclined  to  do  so,  we  might  question  the 
justification  of  attributing  these  sequelae  to  the  Pasteur  treatment  and 
ask  whether  they  may  not  be  due  to  failure  to  completely  neutralize  the 
virus  of  rabies.  At  any  rate,  fear  of  one  of  these  sequelae  should  not 
deter  the  physician  from  recommending  the  Pasteur  treatment  in  all 
proper  cases.  Quite  naturally,  it  is  impossible  for  one  to  speak  with 
scientific  certainty  concerning  the  number  of  lives  saved  by  this  treat- 
ment, because  we  know  that  before  the  time  of  Pasteur  only  a  vari- 
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able,  sometimes  a  small,  percentage  of  those  bitten  by  clogs  known 
to  be  rabid,  developed  the  disease.  This,  however,  in  no  way  justifies 
any  physician  who  is  consulted  by  one  who  has  been  bitten  by  a  dog 
either  known  to  be  or  supposed  to  be  rabid,  advising  against  the  Pasteur 
treatment. 

The  Virus.— In  1903  Negri,  of  Padua,  found  in  the  large  cells  of  the 
nervous  sj^stem  certain  bodies  resembling  protozoa,  which  are  easily 
recognized  in  smears  and  sections,  and  which  are  generally  believed  to 
be  the  cause  of  the  disease.  These  bodies  have  been  assiduously  studied 
by  numerous  investigators,  among  whom  we  may  mention  Williams,  of 
the  Health  Department  of  the  City  of  New  York,  who  has  named  them 
neurorrhyctes  hydrophobiae.  Williams  states  that  these  bodies  are  found 
in  all  parts  of  the  infectious  central  nervous  system;  that  at  first  they 
are  distinguished  as  extremely  minute  forms  in  large  nerve  cells  as 
early  as  the  fourth  day  in  rabbits  inoculated  with  the  "fixed"  virus, 
and  as  early  as  the  seventh  day  in  rabbits  inoculated  with  ''street" 
virus,  and  that  they  may  be  found  early  enough  to  account  for  the  in- 
fectivity  of  the  tissue.  These  bodies  contain  definite,  w^ell-defined  chro- 
matin masses,  usually  with  smaller  bodies  of  chromatin  arranged  about 
them  in  the  form  of  a  ring.  They  have  the  appearance  of  growing,  mul- 
tiplying organisms,  but  that  they  are  such  has  never  been  positively 
demonstrated.  It  is  highly  probable  that  the  Negri  bodies  constitute  the 
living  virus  of  rabies,  but  it  is  possible  that  they  owe  their  existence  to 
the  action  of  the  rabid  virus  on  the  cells  of  the  central  nervous  system ; 
in  other  words,  instead  of  being  the  poison  and  causing  the  disease,  they 
may  be  a  product  of  the  reaction  between  the  poison  and  the  nerve  cells. 
At  any  rate,  they  serve  a  most  useful  purpose.  It  is  quite  well  estab- 
Hshed  that  these  bodies  appear  in  rabies  and  in  neither  the  normal  state 
nor  any  other  diseased  condition.  They  are,  therefore,  of  diagnostic 
value,  and  this  is  the  purpose  which  at  present  they  serve.  There  are 
two  methods  of  determining  -whether  an  animal  has  died  from  rabies 
or  has  been  killed  while  suffering  from  this  disease.  The  biologic  method, 
the  one  upon  which  sole  reliance  had  to  be  placed  before  the  study  of 
the  Negri  bodies,  consists  in  inoculating  a  rabbit  or  other  animal,  gen- 
erally subdurally,  with  an  emulsion  of  the  brain  or  cord  of  the  dead 
animal.  In  this  procedure  it  was  necessary  to  wait  for  a  variable  period, 
generally  running  from  ten  days  to  a  month,  but  often  exceeding  this 
time,  before  the  inoculated  animal  developed  symptoms  or  until  suffi- 
cient time  had  elapsed  to  justify  the  assertion  that  the  suspected  animal 
did  not  have  rabies.  The  study  of  the  Negri  bodies  has  enabled  us  to 
dispense  with  the  prolonged  and,  after  all,  quite  uncertain  biologic  test. 
It  is  now  sufficient  to  make   a   microscopic   examination   of  the  central 
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nervous  tissue  of  the  suspected  animal,  and  usually  within  a  few  min- 
utes or  at  most  after  a  few  hours  by  the  presence  or  absence  of  the 
Negri  bodies,  to  give  a  definite  opinion  concerning  the  presence  or  ab- 
sence of  rabies  in  the  suspected  animal.  In  most  Pasteur  Institutes, 
practically  we  may  say  in  all,  the  biologic  test  is  not  applied  except 
when  there  is  failure  to  find  the  Negri  bodies  and  at  the  same  time  strong 
circumstantial  evidence  that  the  animal  whose  tissue  we  are  examining 
was  rabid,  and  this  rarely  occurs.  The  nature  of  the  virus  of  this  dis- 
ease is  not  definitely  known  and  when  we  speak  of  the  virus  of  rabies 
we  mean  the  tissue  or  the  secretion  whose  virulence  may  be  demon- 
strated by  animal  inoculation.  It  is  customary  for  us  to  say  that  we 
immunize  the  man  or  the  dog,  as  the  case  may  be,  to  rabies.  Strictly 
speaking,  this  is  not  proper.  The  Pasteur  treatment  secures  only  a 
tolerance  for  the  virus  of  rabies  and  a  tolerance  which  continues  for  only 
a  short  time.  One  who  has  received  the  Pasteur  treatment  is  not  im- 
mune after  a  few  months  to  subsequent  bites  by  rabid  animals,  and  it 
not  infrequently  happens  that  an  individual  has  at  intervals  of  months 
and  possibly  years  been  compelled  to  undergo  the  Pasteur  treatment. 
This  virus  is  filtrable  and  varies  markedly  in  its  resistance  to  the  usually 
employed  germicidal  agents.  Most  bacteria  rapidly  die  when  placed  in 
strong  dilutions  of  glycerin  while  the  virus  of  rabies  is  not  affected  by 
this  agent  and  indeed  glycerin  is  used  as  a  preservative  when  portions 
of  the  brain  or  cord  of  suspected  animals  are  sent  to  the  laboratory  for 
examination.  Gumming  has  shown  that  the  rabid  virus  is  quickly  and 
completely  destroyed  by  formalin  and  this  is  the  best  agent  for  disin- 
fecting or  cleansing  inanimate  objects  which  have  been  soiled  with  the 
saliva  of  dogs  or  other  rabid  animals.  We  have  already  spoken  in  de- 
scribing the  Pasteur  method  of  the  attenuating  effects  on  the  virus  of 
drying  the  tissue.  Harris  has  shown  that  infected  material  may  be 
dried  completely  when  kept  frozen  without  attenuating  or  modifying 
in  any  way  the  virus. 

Immediate  Treatment. — When  one  has  been  bitten  by  an  animal  known 
or  suspected  to  be  rabid  the  wound  or  wounds  should  be  enlarged  and 
thoroughly  cauterized  with  fuming  nitric  acid.  The  superiority  of  this 
over  other  cauterizing  agents  has  been  experimentally  demonstrated  on 
animals.  The  dog  inflicting  the  bite  should  be  held  in  custody  and  if 
it  be  rabid,  definite  and  unequivocal  symptoms  will  develop  within  a  few 
hours,  or  a  few  days  at  most,  and  the  animal  will  die  within  ten  days. 
Then  its  head  or  parts  of  its  spinal  cord  should  be  sent  to  a  Pasteur 
Institute  for  examination.  Demonstration  of  the  presence  of  the  Negri 
bodies  will  be  accepted  as  positive  proof  that  the  animal  was  rabid. 
Under  these  conditions  the  bitten  person  should  have  the  Pasteur  treat- 
ment Avithout  delay.     The  period  of  incubation  in  man,  which  we  have 


RABIES 


elsewhere  discussed  more  fully,  depends  upon  the  location,  penetration, 
and  destructive  action  of  the  bite  and  the  amount  of  the  poison  intro- 
duced. As  we  have  stated,  the  poison  travels  along  the  nerves  to  the 
brain.  It  is  quite  evident  that  wounds  on  the  face  and  head  are  more 
likely  to  result  fatally,  even  with  the  preventive  treatment,  than  those 
located  on  distal  parts  of  the  body.  There  are  wounds,  we  might  say, 
with  great  probability  of  truth,  that  are  necessarily  fatal  whatever  is 
done.  A  bite  through  the  tongue  is  quite  certain  to  end  in  rabies  even 
when  the  Pasteur  treatment  is  promptly  and  properly  administered. 
It  cannot  be  denied  that  many  of  those  receiving  the  Pasteur  treatment 
would  never  develop  rabies  even  without  it,  but  it  is  far  better  to 
treat  many  of  this  class  than  to  allow  one  to  die  from  the  disease. 

We  wish  to  emphasize  a  statement  already  made,  that  rabies  is  a  dis- 
ease of  animals,  and  especially  of  those  belonging  to  the  canine  and 
feline  species.  The  Pasteur  treatment  has  benefited  these  animals  more 
largely  than  it  has  man.  Whether  a  dog  or  other  domestic  animal  which 
has  been  bitten  by  a  rabid  one  receives  the  Pasteur  treatment  or  not 
depends  upon  the  value  placed  on  its  life  by  its  owner.  At  any  rate,  we 
should  appreciate  the  fact  that  animals,  as  well  as  man,  may  receive  and 
profit  by  the  Pasteur  treatment.  Besides,  all  the  preventive  measures 
used  for  the  protection  of  man  against  this  disease  are,  so  far  as  num- 
bers are  concerned,  tenfold,  often  a  hundredfold,  more  protective  to 
our  domestic  animals. 

Transmission. — The  study  of  epidemics  of  rabies  is  certainly  helpful  to 
us  in  the  study  of  epidemiology  in  general.  Fortunately,  in  this  disease 
there  are  no  chronic  carriers.  Even  the  bite  of  the  dog  already  infected 
does  not  transmit  the  disease  until  about  the  time  the  animal  begins  to 
develop  symptoms.  The  idea  that  one  can  acquire  this  disease  as  a  result 
of  having  been  bitten  by  a  dog  which  subsequently  became  rabid,  is  one 
of  the  many  myths  which  have  grown  up  in  the  history  of  hydrophobia. 
The  rabid  dog  continues  infective  for  only  a  short  time — a  few  days, 
after  which  it  dies. 

The  prolonged  period  of  incubation  in  this  disease  is  a  factor  which 
tends  to  render  its  eradication  more  difficult.  A  rabid  dog  in  the  furious 
stage  visits  a  community  and  bites  a  number  of  animals,  then  returns 
to  its  home,  possibly  many  miles  distant,  and  dies.  Even  though  the 
condition  of  the  dog  is  evident  and  is  recognized  while  making  its  jour- 
ney through  the  community,  nothing  happens  for  weeks  and  possibly 
for  months.  Dogs,  horses,  cows,  cats,  and  even  individuals  bitten  by 
this  wandering  cur,  possibly  go  on  without  any  disturbance  in  health  until 
suddenly  and  unexpectedly  rabies  develops  either  in  animal  or  man. 
The  excitement  caused  by   the  visit   of   the   furious   animal  is  possibly 
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forgotten,  and  now  there  is  fully  developed  another  center  for  the  dis- 
semination of  the  infection.  It  is  rather  interesting  how  closely  the 
epidemiology  of  ral3ies — an  animal  disease,  corresponds  to  that  of  cere- 
brospinal meningitis  and  poliomyelitis  in  which  human  beings  are  the 
carriers.  In  1909  rabies  apjDeared  in  southern  California  and  during 
the  following  two  years  it  became  quite  widely  prevalent  in  the  region 
about  Los  Angeles,  Pasadena,  and  Riverside.  It  took  three  years  for 
this  disease  to  reach  northern  California  in  epidemic  form,  but  scat- 
tered cases  occurred  throughout  central  and  northern  California  even 
before  the  epidemic  in  southern  California  had  reached  its  peak.  The 
topography  of  California,  as  has  been  shown  by  Sawyer,  Geiger  and 
others,  has  given  rather  unusual  opportunity  for  the  study  of  the  spread 
of  rabies.  The  disease  has  appeared  in  certain  ^'alleys  to  which  it  has 
remained  confined  for  months,  notwithstanding  the  occasional  trans- 
portation of  dogs  b.y  railways  and  along  other  avenues.  The  disease 
was  first  recognized  in  San  Francisco  in  October,  1911.  Notwithstanding 
the  proximity  of  such  cities  as  Oakland,  Berkeley,  Alameda,  and  their 
environs,  rabies  did  not  immediately  spread  from  San  Francisco  to  these 
parts,  because  communication  is  wholly  by  Avaterway,  but  the  disease 
did  extend  most  speedily  from  San  Francisco  by  the  only  land  route 
open  to  animal  travel,  and  that  is  southward  into  the  counties  of  San 
Mateo  and  Santa  Clara.  There  can  hardly  be  a  doubt  that  every  day 
some  dogs  were  carried  across  the  ferry  from  San  Francisco  to  Oak- 
land, but  to  the  rabid  dog  this  route  was,  at  least  partially,  closed  and 
he  was  compelled  to  take  the  only  way  open  to  him  and,  as  he  did  so,  he 
carried  the  virus  southward.  Sawyer  says  that  it  took  a  centur.y  for 
rabies  to  cross  the  continent  to  the  Pacific  Coast  and  over  three  years 
for  the  steady  march  of  the  epidemic  from  the  southern  to  the  northern 
end  of  California. 

Control  and  Eradication. — Both  for  preventive  measures  and  economic 
reasons  the  number  of  useless  dogs  should  be  reduced.  Dr.  Mohler, 
Chief  of  the  Bureau  of  Animal  Industry,  informs  us  that  from  data  ob- 
tained in  various  sections  of  the  country,  it  is  estimated  that  for  every 
25  persons  in  the  United  States  there  is  one  dog.  This  makes  a  dog 
population  of  4,228,425.  The  annual  cost  cannot  be  less  than  $10  per 
capita,  which  means  that  we  spend  something  more  than  forty  millions 
of  dollars  each  year  on  our  dogs.  There  are  three  methods  of  reducing 
the  number  of  useless  dogs.  One  of  these  is  by  the  slaughter  of  the 
excess,  but  this  would  of  necessity  have  to  be  repeated  annually  or  at 
least  at  short  intervals.  The  second  method  of  reducing  the  number  is 
bv  taxation.  It  has  been  found  in  all  countries  in  Avhich  a  substantial 
dog  tax  has  been  levied  and  rigidly  enforced  that  the  number  of  dogs 
has  been  decreased  and  in  some  countries  to  less  than  fifty  per  cent.     A 
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dog  tax  in  order  to  be  just  should  be  graded,  M'ith  a  minimum  assessed 
to  the  OAvner  of  one  dog,  and  with  an  increase  for  every  additional 
animal  kept  by  the  family.  Suppose  for  instance,  the  family  is  taxed 
$1  a  year  for  one  dog;  $2  for  the  second;  $3  foi'  the  third,  and  so  on, 
increasing  the  tax  with  the  number  of  animals  kept.  The  third  method 
is  to  require  that  all  dogs  kept  by  a  family  above  a  certain  number 
should  be  desexed.  In  both  sexes  this  is  a  comparatively  simple  and, 
under  i^roper  precautions,  painless  operation. 

Much  sentiment  and  little  common  sense  have  been  employed  in  the 
discussion  of  the  muzzling  of  dogs.  There  can  be  no  doubt  that  if  all 
dogs  were  properly  muzzled  when  abroad,  rabies  would  soon  be  ex- 
terminated. The  old  theory  that  muzzling  a  dog  drives  it  to  madness 
has  been  exploded;  indeed,  the  fact  that  the  universal  muzzling  of  dogs 
in  certain  localities  continuously  for  years  has  led  to  the  complete  dis- 
appearance of  the  disease  in  such  communities  was.  considered  years  ago 
by  most  competent  veterinarians  as  positive  ]3roof  that  there  is  no  such 
thing  as  spontaneous  rabies.  According  to  Hertwig,  the  universal  muz- 
zling of  dogs  in  Berlin  led  to  the  eradication  of  this  disease  in  that  city 
for  eight  years  (1854-1863).  However,  in  May,  1863,  two  rabid  dogs 
from  the  rural  districts  found  their  way  into  Berlin  and  Avithin  a  few 
weeks,  notwithstanding  that  all  dogs  in  the  city  were  still  wearing 
their  muzzles,  between  20  and  30  cases  of  rabies  in  human  beings  oc- 
curred. Muzzling  is  inefficient  unless  it  is  universally  employed.  No 
one  ever  saAv  a  mad  dog  wearing-  a  muzzle  and  in  its  presence  the  muzzled 
animal  is  at  the  mercy  of  its  antagonist  unless  it  can  escape  by  flight. 
It  goes  without  saying  that  the  muzzle  should  not  harm  or  even  greatly 
annoy  the  animal  Avearing  it,  but  it  must  be  strong  enough  and  so  applied 
and  so  constantly  worn  that  there  is  no  danger  of  its  wearer  biting 
either  man  or  animal.  By  muzzling,  England  Avas  freed  from  rabies  in 
1902  and  for  16  years  there  Avas  not  a  case  of  this  disease  in  man  or 
animal  in  that  country.  After  its  eradication  in  1902,  stringent  meas- 
ures governing  the  importation  of  dogs  into  England  Avere  instituted 
and  carried  into  effect.  No  dog  could  be  imported  into  that  country 
without  undergoing,  at  its  OAvner's  expense,  quarantine  for  a  sufficient 
length  of  time  to  shoAV  that  it  Avas  free  from  the  disease.  OAving,  hoAv- 
ever,  to  the  extraordinary  conditions  arising  out  of  the  World  War, 
this  quarantine  broke  doAvn  and  in  May,  1918,  an  infected  dog  Avas 
imported  and  escaped  quarantine.  It  Avas  three  and  one-half  months 
before  this  was  knoAvn  and  during  the  latter  half  of  1918,  112  cases  of 
rabies  developed  in  dogs.  This  situation,  according  to  Stockman,  might 
have  been  much  more  serious  had  it  not  happened  that  most  of  the  cases 
in  dogs  Avere  of  the  paralytic  form,  Avhich  greatly  curtailed  the  Avander- 
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ings  of  the  infected  animals  and  their  ability  to  inflict  wounds.  Twenty- 
one  persons  were  bitten  by  these  rabid  animals,  but  all  Avere  treated 
by  the  Pasteur  method  and  no  death  occurred.  This  outbreak  gave 
opportunity  to  study  the  incubation  period  in  dogs  and  cattle.  In  five 
cases  of  the  former,  this  was  found  to  vary  from  twenty-four  days  to 
seven  and  one-half  months,  and  in  six  cases  among  cows  it  ran  from 
22  to  84  days.  It  appears  that  the  dog  showing  the  unusually  prolonged 
incubation  period  was  kept  in  quarantine  during  all  this  time  and  there 
seems  to  be  no  doubt  about  the  accuracy  of  the  observation.  Although 
the  authorities  were  prompt  in  handling  this  epidemic,  it  is  evident  from 
the  appearance  of  the  disease  in  Essex  in  September,  1919,  that  all  rabid 
animals  were  not  destroyed. 
Writing  in  1918  Mohler  said: 

' '  The  Islands  of  Australia,  Tasmania,  New  Zealand,  St.  Helena  and  the  Azores  have 
never  been  infected  with  rabies,  and  the  first  tliree  prevent  its  introduction  by  rigid 
inspection  and  quarantine. ' ' 

It  is  worthy  of  note  that  some  years  before  England  imposed  a  quar- 
antine on  imported  dogs,  Bardsley  proposed  that  all  dogs  in  England 
should  be  quarantined  for  a  few  months  in  order  to  eradicate  the  dis- 
ease.    He  wrote  as  follows : 

' '  The  plan  is  as  simple  as  I  trust  it  will  prove  efficacious.  It  consists  merely  in 
establishing  a  universal  quarantine  for  dogs  within  the  kingdom,  and  a  total  prohibi- 
tion of  the  importation  of  these  animals  during  the  existence  of  such  quarantine.  The 
efficacy  of  this  preventive  sclieme  rests  upon  the  validity  of  tlie  following  propositions: 
First,  that  the  disease  always  originates  in  the  canine  species.  Secondly,  that  it  never 
arises  in  them  spontaneously.  Thirdly,  that  the  contagion,  when  received  by  them, 
never  remains  latent  more  than  a  few  months.  If  these  propositions  have  been  estab- 
lished, it  clearly  follows  that,  liy  destroying  every  dog  in  wliicli  the  disease  should 
break  out  during  strict  quarantine,  the  propagation  of  the  malady  would  not  only  bo 
prevented,  but  the  absolute  source  of  the  poison  entirely  suppressed. ' ' 

The  milk  of  a  rabid  animal  contains  the  virus  and  may  cause  the  dis- 
ease if  injected  subcutaneously  or  intravenously,  but  is  harmless  when 
taken  by  the  mouth,  provided  there  is  no  break  in  the  mucous  membrane. 
The  flesh  of  a  slaughtered  rabid  animal  contains  the  virus,  but  is  not 
infectious  when  taken  by  the  mouth  except  under  the  conditions  men- 
tioned above.  The  meat  of  rabid  animals  is  condemned  as  unfit  for  food 
by  the  inspection  regulations  of  all  countries. 

Mortality  from  Rabies  in  the  United  States. — During  the  20  years  from 
1900  to  1919  inclusive  there  have  been  1197  deaths  from  rabies  reported 
in  the  expanding  registration  area.  The  deaths  and  rate  per  million 
population  by  years  are  shown  in  Table  XXXVI. 

As  will  be  noted,  the  rates  have  been  somewhat  stationary  up  to  1914, 
since  which  date  thev  have  fallen  to  a  lower  level.     The  addition  of  the 
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83 
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45 
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95 
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38 

1.1 
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65 
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44 

1.3 
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52 

0.77 
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85 

2.0 

1916 

36 

0.50 

1907 

75 

1.7 

1917 

66 

0.88 

1908 

82 

1.8 

1918 

63 

0.77 

1909 

55 

1.1 

1919 

58 

0.68 

southern  states  to  the  registration  area  could  hardly  have  been  respon- 
sible for  this  decline,  as  might  be  the  case  with  certain  diseases  such  as 
scarlet  fever  and  diphtheria,  which  are  more  prevalent  in  the  north,  for 
the  deaths  are  as  common  in  the  south  as  elsewhere.  The  wider  use  of 
the  Pasteur  treatment  is  probably  responsible  for  the  decline. 
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CHAPTER  XL 

RAT -BITE  FEVER 

Sodoku;  Sokiosa  (Japanese) 

Description. — The  saliva  of  many  animals  contains  organisms  wliicli, 
when  introduced  into  man's  body  percutaneously,  may  cause  the  devel- 
opment of  infectious  diseases.  Since  man  is  more  likely  to  be  bitten  by 
small  rodents  than  by  most  other  mammals,  it  is  not  at  all  strange  that  such 
bites  should  be  followed  by  general  infection.  Such  diseases  have  most 
frequently  resulted  from  the  bites  of  rats,  though  there  are  cases  which 
have  followed  wounds  inflicted  by  the  bites  of  squirrels,  weasels  and  fer- 
rets, and  the  bites  and  scratches  of  cats.  It  is  not  at  all  likely  that  the 
organism  thus  introduced  into  the  body  of  man  from  all  these  species  or 
even  from  the  same  species,  at  all  times  and  in  different  countries,  is  the 
same.  Rat-bite  fever  has  apparently  a  Mddely  variable  period  of  incuba- 
tion— from  one  to  60  days,  though  usually  from  21  to  28  days.  In  some 
cases  the  wound  inflicted  by  the  bite  has  healed  before  there  are  any  gen- 
eralized symptoms.  In  other  cases  the  wound  remains  unhealed  and  there 
may  be  ulceration  and  even  gangrene.  The  acute  symptoms  are  ushered 
in  by  a  chill,  when  the  temperature  may  run  as  high  as  105°,  while  the 
pulse  becomes  feeble  and  rapid.  At  a  variable  time  after  the  chill  a 
purple  erythematous  eruption  occurs  and  may  spread  widely  over  the 
body.  The  lymphatic  glands,  especially  those  in  the  axilla,  become  en- 
larged and  painful.  After  the  fever  has  continued  for  a  variable  period, 
usually  of  four  or  five  da3^s,  the  temperature  becomes  normal  and  the 
patient  apparently  recovers;  but  after  a  period,  which  is  also  variable, 
there  is  a  relapse  and  these  intervals  of  pyrexia  and  apyrexia  may  con- 
tinue for  months  and  possibly  for  years.  The  apyrexial  intermissions  may 
occupy  only  a  few  days  or  may  extend  through  much  longer  periods.  Ac- 
cording to  Kusunoki,  there  may  be  one  or  two  yearly  relapses  extending 
through  ten  years.  ITora  reports  a  case  which  showed  about  ten  relaps&s 
annually  for  a  period  of  17  3'ears,  and  Kitagawa  and  Mukoyama  saw  a 
case  in  which  recurrences  continued  for  15  years.  They  conclude  from 
this  that  the  immunity  against  the  virus  is  incomplete,  and  they  suggest 
that  the  causative  agent  belongs  to  the  protozoa.  In  Japan  the  mortality 
from  this  disease  is  about  ten  per  cent  and  death  results  either  from 
exhaustion  in  childliood  or  old  age,  or  complications  in  adult  life.  The 
testimony  concerning  the  efficiency  of  firsphenamine  and  its  congeners 
in  the  treatment  of  this  disease  is  contradictorv.     This  is  true  also  con- 
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cerning  the  response  to  the  Wassermann  test.  In  our  opinion,  t'hese  facts 
suggest  that  the  virus  is  not  the  same  in  all  cases. 

History. — It  seems  that  rat-bite  disease  has  been  long  recognized  in 
Japan,  but  it  did  not  receive  the  attention  of  western  medical  men  until 
near  the  close  of  the  last  century,  when  attention  was  called  to  it  by  ar- 
ticles by  Katsura  and  Mij-ake.  In  1908,  according  to  Hora,  Japanese 
physicians  reported  30  cases.  However,  more  than  40  years  before  this 
time  a  case  was  reported  in  the  United  States,  and  in  more  recent  years 
reports  have  come  from  widely  separated  localities  on  every  continent. 

Row  says: 

' '  Tliat  rat  bite  produces  a  disease  per  se  Avas  known  to  the  ancients  in  India.  Tims, 
in  the  writings  of  Wagabhatt,  Shushrut,  and  a  treatise  called  Yogaratnakarone,  one 
finds  full  description  of  the  etiology  and  symptomatology  of  this  disease.  For  the 
purposes  of  this  memoir  a  reference  to  the  writings  of  Wagabhatt,  who  flourished  2.3 
centuries  ago,  will  be  sufficient.  This  ancient  savant,  amidst  a  descriptive  account  of 
the  symptoms  of  a  general  irregular  recurrent  type  of  fever,  a  w'ell-marked  astheiiia 
and  anemia,  refers  to  the  cutaneous  lesions  produced  by  rat  bite — and  these  when 
translated  read  as  follows:  Burning  in  the  patches.  Nodular  and  urticarial  erup- 
tion; petechial  and  even  hemorrhagic  patches  on  the  body:  edematous  condition,  dis- 
coloration and  even  ulceration  of  the  nodules :  lividity  of  the  mucous  membranes  and 
hemorrhages. " 

The  Virus. — Ogata  believes  the  causative  agent  to  be  a  sporozoon, 
while  Schottmiiller  attributes  it  to  a  streptothrix,  designated  as  S.  muris 
ratti,  of  which  Blake  subsequently  obtained  a  pure  culture  and  with  which 
he  M^as  able  to  induce  local  inflammation  and  proliferative  lesions  in  rats 
at  the  site  of  inoculation.  Of  two  cases  examined  by  Tileston  one  showed 
in  blood  smears  streptothrix  which  Could  not  be  demonstrated  in  the  other. 
Litterer  has  reported  a  case  occurring  in  Tennessee,  in  which  he  found 
a  streptothrix  sufficiently  different,  in  his  opinion,  from  that  described  by 
Schottmiiller  to  be  classified  as  a  new  species.  Tunnicliff  calls  attention 
to  the  great  similarity  of  the  streptothrix  in  the  bronchopneumonia  of 
white  rats  to  that  isolated  in  cases  of  rat-bite  fever,  and  she  suggests  that 
if  wild  rats  suffering  from  streptothricial  bronchopneumonia  should  bite 
man  the  disease  might  be  conveyed  in  this  manner.  Balir  defines  rat-bite 
fever  as  follows : 

"An  acute  febrile  disease  caused  by  a  spirochete,  Leptospira  morsus-miiris,  inocu- 
lated into  man  by  the  bite  of  an  infected  rat,  causing  a  local  disturbance  at  tlie  site  of 
infection,  followed  by  a  general  fever,  witli  a  tendency  to  relapses,  and,  in  some  cases 
a  cutaneous  eruption. ' ' 

This  leptospira,  as  obtained  from  the  infected  animal,  is  short,  meas- 
uring from  two  to  five  microns.  In  artificial  cultures  it  grows  much 
longer,  reaching  20  microns.  It  is  most  easily  found  in  blood  by  means  of 
the  ultramicroscope.  It  has  also  been  obtained  from  the  exudate  surround- 
ing the  bite  and  from  the  fluid  expressed  from  infected  lymph  glands. 
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Mice,  white  rats,  and  guinea  pigs  are  highly  susceptible,  though  animals 
usually  survive,  and  the  organism  can  be  detected  in  the  blood  serum 
about  seven  days  after  inoculation  and  it  persists  in  this  fluid  for  months. 
The  three  common  species  of  rat  are  susceptible,  and  this  is  true  of  the 
ferret  and  the  cat.  According  to  Bahr,  three  per  cent  or  thereabouts  of 
the  house  rats  in  Japan  carry  this  infection.  Futaki  and  his  coworkers 
(1916)  detected  in  the  involved  glands  and  in  the  tissue  about  the  bite, 
a  spirochete  from  nine  to  ten  microns  in  length.  In  another  case  they 
found  spirochetes  measuring  only  from  two  to  six  microns.  These  findings 
have  been  confirmed,  with  variations  in  the  length  of  the  spirochetes,  by 
several  Japanese  investigators,  most  of  whom  have  come  to  the  conclusion 
that  the  short  and  long  spirochetes  belong  to  the  same  species,  the  differ- 
ences in  length  being  in  part  due  to  age  and  in  part  to  the  medium  in 
which  the  organism  is  grown.  It  has  been  shown  by  Ido,  Ito,  Wani  and 
Okuda  that  the  serum  of  individuals  who  have  recovered  from  rat-bite 
disease  contains  a  substance  which,  when  injected  into  the  abdomen  of  a 
guinea  pig  with  S.  morsus-muris  dissolves  or  destroys  this  organism; 
in  other  words,  it  responds  to  the  Pfeiffer  test.  These  demonstrations 
render  it  highly  probable  that  S.  morsus-muris  is  the  causative  agent  of 
at  least  some  of  the  rat-bite  cases  occurring  in  Japan,  but  they  do  not 
prove  that  this  organism  is  identical  with  the  virus  or  viruses  carried 
by  other  rodents  and  capable  of  being  transmitted  to  man.  Neither  do 
they  show  that  this  organism  is  the  specific  cause  of  the  rat-bite  fevers 
that  occur  in  different  parts  of  the  world. 

Cases  of  fever  following  bites  and  scratches  of  cats  have  been  reported 
not  only  in  Japan,  but  in  other  parts  of  the  world,  notably  in  Italy.  In 
1914  Schottmliller  described  a  disease  in  a  woman  who  had  been  bitten 
by  an  African  squirrel,  Taraxerus  cepapi.  The  same  squirrel  bit  a  man. 
In  the  woman  there  was  a  fever,  accompanied  by  the  formation  of  ulcers, 
as  a  result  of  which  the  sight  of  one  eye  was  destroyed.  In  the  pus  taken 
from  the  man  Schottmliller  found  a  nocardia,  but  he  was  of  the  opinion 
that  this  organism  played  no  part  in  the  production  of  the  disease. 

Row  gives  the  following  description  of  the  spirochete  found  by  him  in 
cases  seen  in  Bombay : 

"  (1)  The  Sipiroclietes  derived  from  the  human  lesion  are  identical  with  those  re- 
covered from  the  peripheral  blood  of  the  -white  mouse  or  guinea  pig  infected  Avith  the 
human  material.  (2)  The  Bombay  spirochete  is  smaller  than  even  the  small  variety 
of  Futaki  and  the  small  type  of  Kitagawa  and  Mukoyama  and  practically  of  uniform 
size.  (3)  Tlie  broad  distinction  made  by  Futaki  in  the  long  and  short  forms  according 
to  the  situations  the  virus  is  derived  from,  (viz.,  long  form  from  lymphatic  nodules  and 
short  ones  from  peripheral  blood)  does  not  hold  good  in  Bombay  where  all  that  are 
found  are  short  and  1.5  to  2  microns  in  length,  any  slightly  longer  forms  detected 
being  distinctly  division  forms  of  the  same.  (4)  These  are  found  only  in  the  cutaneous 
lesions  and  not  in  the  periplieral  blood  of  the  Bombay  eases.      (5)    No  lymphadenitis 
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has  been  noticed  in  all  the  cases  under  observation,  (fi)  I  have  not  been  jiblc  to 
satisfy  myself  as  to  the  presence  of  terminal  flagella  although  the  ends  of  the  Bombay 
spirochete  are  pointed.  (7)  The  behavior  of  the  Bombay  spirochete  to  experimental 
animals  is  different  from  tliose  of  the  Japanese  type.  In  mice  and  guinea  pigs  it  pro- 
duces a  low  type  of  infection,  the  spirochete  being  demonstrated  even  six  months  after 
the  infection,  the  animals  being  apparently  quite  well,  although  one  guinea  pig  and 
one  white  rat  succumbed  to  tlie  infection  nearly  three  months  after  the  infection,  and 
15  days  respectively.  (8)  With  all  these  differences,  the  interest  to  the  record  here 
given  seems  to  nie  the  strong  connection  with  and  the  identity  of  the  sijirocliet©  derived 
from  the  human  cutaneous  lesions  resulting  from  rat  bite  and  the  organisms  recovered 
from  animals  infected  with  the  material  derived  from  the  human  lesion. ' ' 

Crohn,  of  New  York,  has  collected  52  cases  of  this  disease  as  found  in 
the  literature,  including  14  American  cases.  This  by  ho  means  covers  all 
the  recorded  cases,  but  it  is  interesting  to  read  Crohn's  summary  after 
his  rather  exhaustive  study.    This  runs  as  follows : 

"What  is  the  nature  of  the  disease?  Are  we  dealing  with  the  results  of  a  living 
parasite,  transmitted  from  the  rat  tb  man  by  means  of  a  bite,  or  is  this  a  disease 
caused  by  the  implantation  of  a  peculiar  and  highly  toxic  substance. 

"In  the  nature  of  its  course  it  resembles  most  clearly  relapsing  fever,  the  febris 
recurrens  of  tlie  Asiatics  and  Europeans.  The  diseases  resemble  each  other  in  the 
intermittency  of  the  symptoms;  the  incubation  period  in  both  is  variable.  In  its 
favorable  reaction  to  salvarsan  the  disease  has  a  common  factor  with  both  syphilis  and 
relapsing  fever,  but  more  particularly  with  the  former.  The  finding  of  a  spirochete  as 
the  cause  of  both  these  latter  diseases  suggests  this  as  the  etiological  factor  in  this 
malady.  In  the  prominence  of  the  nervous  symptoms  and  the  post-febrile  paralyses, 
rat-bite  fever  recalls  relapsing  fever.  The  one  reported  postmortem  examination  in  this 
disease  revealed  a  serous  meningitis,  with  increase  of  cerebrospinal  fluid.  The  irregular 
paraplegias  and  atrophies  recall  the  tabetic  lesions  of  lues.  *  *  *  Many  of  the 
symptoms  of  this  malady  might  be  the  result  of  a  powerful  toxin  elaborated  at  the 
site  of  the  wound  and  transmitted  along  the  regional  nerve  paths  to  the  central  nerv- 
ous system,  in  a  manner  similar  to  the  propagation  of  the  toxin  in  tetanus.  The 
extension  of  the  toxin  to  the  posterior  ganglions  might  again  recall  the  dysphagia 
symptoms  analogous  in  rabies.  In  the  light  of  a  case  reported  by  Banker,  the  pos- 
sibility of  a  neurotoxin,  locally  created,  must  be  considered.  Banker  remarks  on  the 
permanent  atrophy  and  paralysis  of  the  arm  only,  following  on  the  bite  of  the  hand  of 
the  same  limb. ' ' 

Prophylaxis. — The  bites  of  rodents  should  be  opened  and  thoroughly 
cauterized. 
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CHAPTER  XLI 

SNAKE-BITE 

Ophidisnms 

Geographical  Distribution  of  Poisonous  Serpents.^ — In  North  America 
there  are  representatives  of  two  families  of  poisonous  snakes,  Crotalinae 
and  Elapinae.  Of  the  Crotalinae,  there  are  two  groups,  one  with  and 
one  without,  rattles.  The  rattlesnakes  are  divided  into  two  genera,  Crot- 
alus  and  Sistrurus.  Some  of  the  more  common  species  of  rattlesnake  will 
be  briefly  described  as  follows:  (1)  C.  aclamanteus  or  C.  durissus, 
diamond-back  rattlesnake ;  maximum  length  eight  feet ;  head  broad  and 
distinct  from  neck;  grayish-green  Avith  diamond  markings;  southeastern 
United  States  from  North  Carolina  to  Louisiana ;  pine  forests  and  swamps ; 
nocturnal;  feeds  upon  rabbits,  birds,  and  rats;  does  not  seek  to  escape 
when  disturbed  by  man.  (2)  C.  atrox,  western  diamond  rattlesnake; 
maximum  length  about  seven  feet ;  color  varies  in  different  localities 
through  different  tints  of  gray ;  Texas,  New  Mexico,  Arizona,  and  southern 
California;  most  vicious.  (3)  C.  scutulatus,  mountain  diamond  rattle- 
snake ;  maximum  length  about  three  feet ;  Texas,  Arizona,  and  New  Mexico. 
(4)  C.  ruber,  red  diamond  rattlesnake;  maximum  length  five  feet;  arid 
regions  of  the  southwest.  (5)  C.  confluentus,  prairie  rattlesnake;  maxi- 
mum length  about  six  feet;  color  some  shade  of  green  or  olive;  north- 
western part  of  the  continent  from  British  Columbia  to  Mexico,  extending 
eastward  into  the  Dakotas,  Nebraska,  Kansas,  and  Texas.  (6)  C.  horridus; 
banded  or  timber  rattlesnake;  maximum  length  about  four  feet;  some 
shade  of  yellow  or  olive ;  from  Maine  to  the  Rocky  Mountains ;  quite  fre- 
quent in  the  mountains  of  Pennsylvania;  during  the  hibernating  season 
members  of  this  species  coil  together  in  masses,  but  scatter  in  the  spring. 
(7)  C.  oregonus,  Pacific  rattlesnake;  maximum  length  less  than  four  feet; 
from  British  Columbia  to  southern  California,  extending  eastward  into 
Idaho,  Nevada,  and  Utah;  found  up  to  altitudes  of  12,000  feet.  (8)  C. 
tigris,  tiger  rattlesnake ;  maximum  length  less  than  four  feet ;  some  shade 
of  yellow  or  gray;  desert  regions  of  Arizona,  New  Mexico,  Nevada,  and 
southern  California.  (9)  C.  molossus ;  black-tailed  rattlesnake;  Ncav 
Mexico  and  Arizona.  (10)  C.  cerastes,  horned  rattlesnake;  maximum 
length  less  than  three  feet ;  brown,  yellow,  or  pink ;  Utah,  Arizona,  Nevada, 
and  eastern  California.  (11)  C.  lepidus,  green  rattlesnake;  maximum 
length  about  two  feet;  along  Mexican  Border. 

The  most  common  of  the  genus  Sistrurus  are:    (1)   S.  catenatus,  mas- 
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sasanga;  maximum  Iciigtli  about  five  feet;  some  sluidc  of  brown;  .svvam})y 
localities  throughout  the  northern  United  States  and  Canada;  feeds  upon 
cold-blooded  animals;  eats  well  in  captivity  and  has  been  much  used  in 
the  study  of  snake  venom.  (2)  S.  miliarius;  pigmy  rattlesnake;  maximum 
length  less  than  two  feet;  some  shade  of  gray;  along  the  Gulf  Coast,  ex- 
tending northward  into  Arkansas  and  Tennessee. 

Of  the  Crotalinae  without  rattles  there  are  two  genera,  Ancistrodon 
and  Lachesis.  The  most  important  representatives  of  the  genus  Ancis- 
trodon in  North  America  are  the  following:  (1)  A.  contortrix,  the  cop- 
perhead, deaf  adder,  pilot  snake,  upland  moccasin ;  maximum  length  about 
three  feet ;  some  shade  of  brown ;  widely  distributed  over  the  United  States 
and  Canada.  (2)  A.  piscivorus,  water-moccasin  or  cotton-mouth;  maxi- 
mum length  five  feet ;  some  shade  of  brown  with  darker  bars  or  markings ; 
often  found  lying  in  bushes  and  on  limbs  above  water,  into  which  they 
drop  when  disturbed ;  widely  distributed  over  the  United  States  and 
Canada. 

Of  the  Elapinae,  there  are  in  North  America  at  least  two  species,  E. 
fulvius  and  E.  euryxanthus.  The  former  is  known  as  the  harlequin  snake, 
is  beautifully  colored — red,  yellow  and  black  rings,  with  iridescent  epi- 
dermis. The  colors  are  clear-cut  and  striking  like  those  of  minerals.  The 
second  species  is  known  as  the  Sonora  coral  snake  and  is  red  with  yellow- 
rimmed  black  rings.  There  has  been  much  difference  of  opinion  as  to  the 
poisonous  nature  of  these  coral  snakes,  but  there  can  be  no  doubt  that  the 
species  here  referred  to  is  highly  poisonous.  There  are  several  species  of 
nonpoisonous  snakes,  such  as  the  scarlet  king  snake,  the  red  king  snake, 
the  ringed  king  snake,  and  the  scarlet  snake,  which  resemble  the  poisonous 
coral  snakes.  E.  fulvius  is  widely  distributed  over  the  United  States  south 
of  the  Ohio  and  the  Missouri  Rivers  and  over  Mexico  and  Central  America. 

Most  of  the  poisonous  snakes  of  South  America  belong  to  the  genus 
Lachesis,  of  which  there  are  in  that  country  nearly  thirty  known  species. 
One  of  the  best  known  and  most  deadly  is  L.  laneeolatus,  the  Fer  de  lance 
of  Martinique  or  the  jararacussu  of  Brazil ;  maximum  length  about  six 
feet ;  coloration  variable ;  found  throughout  a  large  portion  of  Central  and 
South  America  and  in  some  of  the  West  Indian  Islands.  In  Martinique  it 
still  causes  a  considerable  number  of  deaths  each  year. 

In  Europe  there  is  only  one  family  of  poisonous  snakes,  and  of  this  only 
one  genus  and  five  species.  The  best  known  is  the  common  European 
viper,  Vipera  berus.  This  is  a  small  snake,  generally  about  two  feet  in 
length;  in  different  localities  the  color  varies  through  tints  of  gray,  yel- 
low, brown,  and  red;  nocturnal  in  its  habits  and  found  most  frequently 
along  hedges  and  by  piles  of  stone;  distributed  from  the  British  Islands 
through  middle  and  northern  Europe  to  the  eastern  shores  of  Siberia; 
its  bite  is  seldom  fatal  to  adults,  but  occasionallv  so  to  children. 
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In  Asia  and  Africa  every  family  of  looisonous  serpent  is  Ivnown.  Some 
of  the  more  important  are  the  following:  (1)  Naja  tripudians,  cobra  di 
capello;  formidable  and  dangerous  and  is  said  to  cause  several  thousand 
deaths  each  year  in  India;  its  habitat  extends  from  the  Transcaspian, 
through  China,  into  the  Philippines  and  Formosa,  all  through  India,  into 
the  Malay  Peninsula,  and  the  Dutch  East  Indies.  Among  certain  classes 
in  India  it  is  still  regarded  as  a  crime  to  kill  a  cobra  when  it  enters  a 
home,  as  it  often  does  in  searching  for  rats.  Food  is  offered  the  unwel- 
come visitor  and  even  when  the  people  themselves  are  starving  to  death  a 
repast  for  the  Naja  is  always  prepared  and  ready.  (2)  N.  bungarus,  king 
cobra  or  hamadryad ;  may  reach  a  length  of  15  feet ;  may  attack  and  even 
pursue  man.  Its  bite  may  kill  an  elephant  within  three  hours.  We  quote 
from  Calmette  the  following  statements  concerning  the  king  cobra : 

"Indian  legends  relate  that  Brahma,  having  descended  on  earth  and  fallen  asleep 
one  day  at  high  noon,  a  Naja  placed  itself  in  front  of  him  and,  dilating  its  broad 
neck,  procured  for  him  kindly  shade.  In  order  to  repay  it  for  the  service  rendered, 
Brahma  gave  Naja  the  marks  that  it  bears  on  its  neck,  intended  to  frighten  the  kites 
and  other  birds  of  prey,  which  are  implacable  enemies  of  this  snake.  When  a  native 
of  the  Malabar  Coast  finds  a  Naja  in  his  dwelling,  he  begs  it  in  a  friendly  way  to 
depart;  if  the  request  be  without  avail,  he  offers  it  food  in  order  to  attract  it  outside; 
if  the  snake  still  does  not  move,  the  Hindoo  goes  in  search  of  the  pious  servitors  of 
one  of  his  divinities,  who,  procuring  an  offering,  address  the  most  touching  supplica- 
tions to  it.  *  *  *  The  hamadryad  is  dreaded  with  good  reason,  for  not  only  is  it 
aggressive,  and  hurls  itself  boldly  upon  its  adversary,  but  it  also  pursues  him,  a  trait 
exhibited  by  no  other  poisonous  snake.  Cantor  relates  that  in  Assam  an  officer  met 
with  several  young  hamadryads  which  were  being  watched  over  by  their  mother.  The 
latter,  turned  toward  its  enemy,  who  took  to  his  heels  with  all  speed,  pursued  by  the 
terrible  reptile.  The  course  taken  led  to  a  river,  which  the  fugitive  did  not  hesitate 
to  swim  in  order  to  gain  the  opposite  bank,  hoping  thus  to  make  good  his  escape;  all,, 
however,  to  no  purpose.  Tlie  snake  stiU  pursued  him,  and  the  officer  saved  himself 
only  by  a  stratagem.  He  dashed  his  turban  on  the  ground;  the  snake  threw  itself 
upon  it  and  savagely  bit  it  several  times,  thus  giving  the  officer  time  to  reach  a  place 
of  safety." 

N.  bungarus  is  widely  distributed  throughout  India,  but  is  not  so  fre- 
quently seen  as  N.  tripudians.  The  former  has  the  reputation  of  eating 
not  onl}^  small  mammals,  birds,  and  fish,  but  of  feeding  upon  other  snakes. 
It  is  believed  by  some  Hindoos  that  the  king  cobra  calls  other  snakes  about 
it  and  then  falls  upon  and  devours  them.  We  cannot  believe  that  this 
is  anything  more  than  a  superstition.  There  are  several  species  of  Naja 
in  Africa.  N.  haje  is  the  common  hooded  cobra  of  Africa  known  as  the 
Aspis.  It  is  also  designated  the  spectacle  snake  on  account  of  certain 
markings  on  the  neck.  Colors  vary  in  different  localities,  generally  run- 
ning from  brown  to  black  and  yellow.  It  is  common  in  Egypt,  in  the 
Sudan,  and  in  the  Sahara  Desert.  It  often  reaches  a  length  of  six  feet, 
possibly  more,  and  is  vicious. 
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Another  hooded  snake  of  Africa  is  Scpedon  hemaehates  or  the  spitting 
snake.  It  is  said  by  natives  of  Africa  that  this  snake  throws  its  venom 
into  the  eyes  of  the  man  who  attacks  it.  This  story  has  been  corroborated 
by  European  travelers,  but  Calmette,  who  kept  one  of  these  animals  for 
some  time  in  his  laboratory  never  observed  it  spitting  or  throwing  its 
venom. 

One  of  the  most  common  and  most  dreaded  snakes  of  India  is  Bungarus 
eandidus,  known  to  the  natives  as  the  krait.  It  is  a  small  reptile,  reach- 
ing at  most  only  about  three  feet  in  length ;  inclined  to  enter  porches  and 
houses  and  hide  itself  in  most  unexpected  places.  The  bite  of  the  krait 
is  fatal  to  dogs  within  a  few  hours,  and  it  is  regarded,  next  to  the  cobra, 
as  the  most  dangerous  snake  in  India. 

The  deaf  adder,  Bitis  arietans,  which  is  yellow  or  orange  and  with  dif- 
ficulty distinguished  from  the  sands  upon  which  it  lies,  is  a  deadly  viper, 
whose  habitat  covers  practically  all  of  Africa.  There  are  numerous  species 
of  this  genus  and  they  vary  in  length  from  five  feet  or  more  to  less  than 
one  foot. 

The  Hydrophinae,  or  sea  snakes,  abundant  in  the  Indian  Ocean  and  in 
parts  of  the  Pacific,  are  all  highly  poisonous.  There  are  about  50  known 
species  and  it  may  be  said  that  they  are  more  or  less  abundant  in  all 
tropical  seas. 

In  Asia  and  Africa  there  are  representatives  of  every  known  species  of 
poisonous  snake,  with  the  exception  of  the  rattlesnake  wdiieh  is  exclusively 
an  American  product. 

Venoms. — The  first  to  experiment  with  snake  venoms,  so  far  as  we  can 
ascertain,  was  Fontana,  who,  in  1767,  published  an  elaborate  book  on  this 
subject,  which  was  subsequently  translated  into  English.  This  learned 
priest  obtained  the  venom  by  cutting  off  the  heads  of  snakes,  dissecting 
out  the  poisonous  glands,  and  extracting  their  contents.  He  used  more 
than  three  thousand  vipers  and  submitted  more  than  four  thousand  ani- 
mals to  their  bites.  He  concluded  that  all  warm-blooded  animals  are  sus- 
ceptible. In  1843  Bonaparte  (Lucien)  studied  the  chemistry  of  venoms 
and  came  to  the  conclusion,  which  has  been  substantiated  by  all  subsequent 
research,  that  the  poisonous  principle  is  a  protein  body.  In  1858  Mitchell 
(S.  Weir)  began  a  series  of  researches,  which  continued  with  more  or  less 
interruption  through  30  years  and  a  final  report  on  which  was  made  by 
Mitchell  and  Reichert  in  1886.  The  findings  of  Mitchell  and  Reichert  may 
be  summarized  as  follows:  The  actiA^e  principles  in  snake  venom  are  in 
solution;  the  formed  elements  in  venom,  consisting  of  bacteria,  epithelial 
scales,  and  tissue  debris,  are  not  harmful ;  in  the  dried  state  venoms  retain 
their  toxicity  indefinitely;  even  absolute  alcohol  has  no  effect  upon  their 
poisonous  properties;  they  are.  soluble  in  glycerin  and  may  be  kept  in 
this  menstruum  quite  indefinitely;  their  poisonous  constituents  are  pro- 
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teins,  of  wliicli  tliere  are  two  groups,  globulins  and  peptons;  in  some 
venoms  tliere  are  three  kinds  of  globulins ;  the  proportion  between  globulin 
and  pepton  varies  in  the  venoms  from  different  species;  venom  when  in- 
troduced into  living  tissue  induces  marked  necrotic  changes,- — in  this 
respect  there  is  no  other  poison  comparable  to  it;  it  reduces  the  red-blood 
corpuscles  to  formless  colloid  matter  and  renders  the  blood  incoagulable; 
when  brought  into  contact  with  the  vascular  tissue  of  a  warm-blooded 
animal  it  so  alters  the  walls  of  the  capillaries  that  the  blood  passes 
through ;  this  phenomenon  is  wholly  unlike  that  of  inflammation,  inasmuch 
as  in  the  latter  only  the  white-blood  corpuscles  pass  through  the  capillary 
walls ;  it  is  due  to  the  action  of  the  venom  on  the  walls  of  the  capillaries 
that  hemorrhages  follow  snake  bites ;  some  venoms  cause  extensive  hemor- 
rhages, while  others  have  no  such  effect ;  the  hemorrhagic  action  is  due  to 
the  globulins ;  the  peptons  are  more  active  in  the  production  of  edema, 
in  the  breaking  down  of  the  tissues,  in  the  production  of  putrefaction 
and  sloughing;  peptons  have  little  power  to  produce  ecchymosis,  to  pre- 
vent coagulation  or  modify  the  capillary  Avails  of  the  blood  vessels;  they 
have  less  tendency  to  accelerate  the  pulse ;  they  tend  to  increase  the  blood 
pressure  by  irritating  the  capillaries,  and  are  the  principal  factor  in  ex- 
citing the  peripheries  of  the  vagi  nerves  in  the  production  of  the  increased 
respiration  rate;  in  venom  poisoning,  death  may  occur  through  paralysis 
of  the  respiratory  centers,  paralysis  of  the  heart,  hemorrhages  in  the 
medulla,  or  possibly  through  the  inability  of  the  profoundly  altered  red 
corpuscles  to  perform  their  functions;  the  differences  between  the  propor- 
tions of  globulins  and  peptons  and  differences  in  kinds  in  both  of  these 
are  accountable  for  the  diverse  symptomatology  and  pathology  resulting 
from  the  bites  of  different  kinds  of  snakes;  there  is  no  reason  for  sup- 
posing that  either  the  globulins  or  peptons  are  identical  in  their  chemical 
composition  or  physiologic  action  in  venoms  from  different  species  of 
snakes;  cobra  venom  does  not  produce  the  marked  lesions  of  crotalus 
poisoning,  because  it  is  lacking  in  globulins ;  it  is  weak  in  the  production 
of  the  local  swelling  and  blackening  of  the  parts,  of  the  ecchymosis,  of  the 
altered  corpuscles  and  of  the  noncoagulability  of  the  blood;  the  pepton 
of  cobra  venom  has  a  more  decided  power  in  producing  convulsions  than 
that  of  the  rattlesnake. 

Mitchell  and  Reichert  close  their  report  made  in  1886  with  the  following 
paragraph : 

"The  fact  that  the  active  principles  of  venom  are  proteids,  and  closely  related 
chemically  to  elements  normally  existing  in  the  blood,  renders  almost  hopeless  the 
search  for  a  chemical  antidote  vrhich  can  prove  available  after  the  poison  has  reached 
the  circulation,  since  it  is  obvious  that  we  cannot  expect  to  discover  any  substance 
which  when  placed  in  the  blood  will  destroy  the  deadly  principles  of  venom  without' 
inducing  a  similar  destruction  of  vital  components  in  the  circulating  fluid.  The  out- 
look then  for  an  antidote  for  venom  which  may  be  available  after  the  absorption  of  the 
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poison,  lies  clearly  in  the  direction  of  a  physiological  antagonist,  or,  in  other  words,  of 
a  substance  which  Avill  oppose  the  actions  of  venom  upon  the  most  vulnerable  parts  of 
the  system.  The  activities  of  venoms  are,  however,  manifested  in  such  diverse  ways 
and  so  profoundly  and  rapidly  that  it  does  not  seem  probable  that  we  shall  ever  dis- 
cover an  agent  which  will  be  capable  at  the  same  time  of  acting  efficiently  in  counter- 
acting all  the  terrible  energies  of  these  poisons." 

While  subsequent  investigators  have  worked  out  numerous  and  valuable 
details  concerning  the  chemistry  and  physiologic  action  of  snake  venoms, 
no  fundamental  error  has  been  found  in  the  work  of  Mitchell  and  Reichert. 
More  recent  students  state  that  their  globulins  are  albumoses,  but  this  is 
due  to  change  in  nomenclature  and  does  not  modify  the  nature  of  the 
symptoms.  In  1886  a  protein  substance  soluble  in  dilute  saline  solutions, 
insoluble  in  concentrated  saline  solutions,  insoluble  in  pure  water,  and 
nondialyzable,  was  called  a  globulin.  Such  is  the  nature  of  one  of  the 
poisonous  proteins  obtained  from  snake  venom  by  Mitchell  and  Eeichert. 
They  called  it  a  globulin ;  in  1886  they  could  have  called  it  nothing  else. 
Because  it  is  now  called  an  albumose  does  not  change  its  chemical  prop- 
erties or  its  physiologic  action.  In  1886  Mitchell  and  Reichert  reported 
certain  substances  in  snake  venom  which  are  soluble  in  water,  in  dilute 
saline  solution,  and  are  dialyzable,  as  peptons.  At  that  time  they  could 
have  called  them  by  no  other  name,  and  the  fact  that  some  one  now  desig- 
nates them  as  syntonins  does  not  alter  either  their  chemical  composition 
or  their  physiologic  action.  Within  recent  years  the  tendency  has  been 
to  classify  the  poisonous  constituents  of  snake. venom  by  the  effects  upon 
animals  rather  than  by  chemical  differences.  We  now  speak  of  the  neuro- 
toxins, the  hemorrhagins,  the  hemolysins,  and  the  hemagglutinins  of  the 
venoms.  This  does  not  mean  that  we  know  anything  more  about  the 
chemistry  of  the  toxins  of  snake  venoms  than  we  knew  when  we  employed 
the  chemical  terms ;  in  fact,  we  may  be  justly  accused  of  attempting  to 
hide  our  ignorance  of  the  chemistry  of  snake  venoms  by  the  adoption  of 
the  pathologic  term.  On  the  whole,  it  may  be  said  that  the  neurotoxins 
correspond  to  Mitchell  and  Reichert 's  peptons,  while  the  hemorrhagins 
correspond  to  their  globulins.  Cobra  venom  is  very  rich  in  the  pepton- 
like  proteins  and  the  bite  of  this  snake  is  followed  by  marked  edema 
around  the  wound  and  without  hemorrhagic  infiltration;  on  the  other 
hand,  the  venom  of  the  rattlesnake  is  rich  in  globulin  and  the  bite  of  this 
snake  is  followed  by  extensive  hemorrhages.  It  is  now  customary  to  desig- 
nate those  snakes  whose  venom  is  rich  in  neurotoxins  (the  peptons  of 
Mitchell  and  Reichert)  as  colubrines;  while  those  whose  venom  is  rich  in 
hemorrhagins  (the  globulins  of  Mitchell  and  Reichert)  are  designated  as 
viperines. 

Natural  Immunity. — It  is  well  known  that  certain  animals  are  able  to 
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cope  successfully  with  most  venomous  snakes.     The  mongoose  stands  at 
the  head  of  these  animals.     Calmette  makes  the  following  statement: 

"I  first  introduced  a  mongoose  into  a  cage  containing  a  Naja  himgarus  (OpMo- 
phagv.s)  of  large  size.  The  snake  rose  up  immediately,  dilated  its  hood,  and  struck 
savagely  at  the  little  animal,  wliich,  darting  nimbly  out  of  the  way,  escaped  being 
seized,  and,  frightened  for  a  moment,  took  refuge  in  a  corner  of  the  cage.  Its  stupor, 
however,  was  but  of  brief  duration,  for  at  the  very  moment  when  the  hamadryad  was 
preparing  to  strike  at  it  again,  the  mongoose,  with  open  mouth  and  snarling,  sprang 
upon  the  reptile's  head,  bit  it  hard  in  the  upper  jaw  and  crushed  its  skuR  in  a  few 
seconds.  This  scene  is  in  every  respect  reminiscent  of  the  admirable  description  given 
by  Eudyard  Kipling  in  his  celebrated  'Jungle  Book'  of  the  great  war  that  BikM-tiJcJci 
(the  mongoose)  fought  with  Nag  (the  cobra)  'through  the  bathrooms  of  the  big  bunga- 
low in  Segowlee  cantonment.'  " 

This  observation  led  Calmette  to  take  blood  from  mongooses,  mix  it 
with  the  venom  of  the  snake,  and  inject  the  mixture  into  rabbits.  He 
found  that  the  blood  of  the  mongoose  exhibited  antitoxic  power  which, 
though  evident,  was  of  little  intensity  and  insufficient  in  all  cases  as  a 
certain  preventive  of  death.  Then  it  was  found  that  a  mongoose  is  able 
to  stand,  without  apparent  injury,  four  times  the  dose  lethal  to  a  rabbit. 
With  six  times  this  dose  the  mongoose  was  ill  for  two  days,  then  re- 
covered, but  with  eight  times  the  lethal  dose  the  mongoose  succumbed 
in  12  hours.     In  view  of  these  experiments,  Calmette  says: 

* '  It  must  be  concluded  from  these  facts  that  the  West  Indian  mongoose  is  but  little 
sensitive  to  venom ;  that  it  is  callable  of  mthstanding,  Avithout  malaise,  doses  which 
are  considerable  in  proportion  to  its  size,  but  that  its  immunity  is  far  from  being  ab- 
solute. If  it  is  generally  the  victor  in  its  combats  with  poisonous  snakes,  the  result  is 
mainly  due  to  the  extreme  agility  with  which  it  is  endowed. ' ' 

In  a  fair  fight  a  rat  will  often  kill  a  large  snake.  Acton  and  Knowles 
write: 

"A  perfectly  fresh  and  angry  cobra,  three  feet  six  inches  in  length,  and  a  big  rat 
were  placed  together  in  a  large  cage  where  both  had  full  liberty  of  movement.  "We 
expected  that  the  cobra  would  bite  the  rat  immediately.  After  a  furious  fight  which 
lasted  15  minutes  the  rat,  which  was  still  untouched  was  allowed  to  escape  unharmed. 
The  cobra  which  was  suffering  from  14  wounds  inflicted  by  the  rat, — including  wounds 
of  both  jaws  and  one  eye, — died  from  shock.  It  was  for  this  reason  that  in  all  these 
biting  experiments  both  rat  and  cobra  had  to  be  held." 

Cushny,  having  obtained  an  extra  large  old  white  rat  which  he 
thought  would  be  a  satisfactory  meal  for  his  large  massasauga,  placed 
the  rat  in  the  cage  with  the  snake.  Both  stood  at  attention,  one  at 
each  end  of  the  cage,  for  a  few  seconds,  when  the  rat  gave  a  leap, 
grabbed  the  snake  through  the  head,  and  killed  it  instantaneously.  The 
rat  evidently  received  no  wound,  and  the  ability  of  this  animal  to  com- 
bat the  snake  is  due  to  the  greater  intelligence  and  agility  of  the  former. 
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The  blood  of  the  rat  contains  no  antitoxin  to  the  venom  of  the  snake 
and  "when  bitten  hy  the  snake  it  shows  no  great  resistance  to  the  action 
of  the  venom. 

It  is  well  known  in  this  country  where  rattlesnakes  abound  that  hogs 
frequently  devour  them  and  suffer  no  harm.  Calmette  injected  a  dose 
of  cobra  venom  sufficiently  large  to  kill  a  big  dog,  under  the  skin  on  the 
back  of  a  pig  without  harm.  This  investigator  found  that  the  blood 
of  the  pig  contains  no  antivenin  and  concludes  that  the  immunity  pos- 
sessed by  the  pig  is  due  to  the  fact  that  its  skin  is  lined  with  an  enor- 
mous lajev  of  adipose  tissue  which  is  but  slightly  vascular  and  in  which 
absorjjtion  takes  place  sloAvly. 

According  to  Phisalix  and  Bertrand,  hedgehogs  hunt  vipers  and  de- 
vour them  with  great  greediness.  These  observers  demonstrated  that 
the  hedgehog  will  withstand  40  times  the  amount  of  snake  venom  neces- 
sary to  kill  a  guinea  pig.  However,  in  its  contest  with  a  viper  the  hedge- 
hog generally  escapes  being  bitten,  but  when  bitten  it  may  succumb. 

Certain  birds,  notably  the  heron,  feed  largely  upon  snakes,  and  it 
has  been  suggested  that  in  snake  infested  districts  these  birds  be  legally 
protected.  At  present  they  are  killed  for  the  brilliancy  of  their  plu- 
mage. Through  all  historical  times  in  countries  where  poisonous  snakes 
abound  there  have  been  people  who  make  their  living  by  handling  these 
reptiles.  Among  the  ancient  Eomans  snake-charmers  were  known  as 
Psylli.    Clot  Bey  writes  as  follows  concerning  the  Egyptian  Psylli : 

"The  OpJiiogeni,  or  snake-charmers,  have  been  renowned  from  all  time.  Strabo 
speaks  of  them  and  Prosper  Alpinus  "was  a  witness  of  the  siagular  effects  of  their  art. 
The  majority  of  modern  travelers  who  have  visited  Egypt  have. been  equally  struck 
with  the  freedom  with  which  they  handle  poisonous  reptiles  and  animals.  The  Psylli 
go  from  house  to  house  calling  forth  and  charming  the  snakes  that  they  may  happen 
to  contain.  They  claim  to  attract  them  by  means  of  a  particular  power.  Armed  with 
a  short  wand,  they  enter  the  chamber  to  be  purged  from  these  venomous  guests,  make 
a  smacking  noise  with  their  tongue,  spit  upon  the  ground  and  pronounce  the  follow- 
ing incantation:  'I  adjure  you,  by  Grod,  if  you  are  without  or  within,  to  appear;  I 
adjure  you,  by  the  greatest  of  names;  if  you  are  obedient,  appear!  If  you  disobey, 
die!  die!'  The  snake,  submissive  to  this  command,  departs  forthwith,  issuing  from  a 
crack  in  the  wall  or  floor." 

Plutarch  says  that  immunity  to  snake  venom  was  inherited  by  the 
Psylli  and  that  they  exposed  their  children  to  serpents  as  soon  as  they 
were  born  in  order  to  determine  legitimacy  of  the  child  and  the  fidelity  of 
the  wife. 

In  India  snake-catchers,  venders,  and  charmers  constitute  a  caste  of 
Hindoos  known  as  Mai.  In  France,  especially  in  the  mountainous  re- 
gions, there  are  those  who  become  quite  skilled  in  catching  and  handling 
the  small  vipers,  the  only  poisonous  snakes  existent  in  that  country. 


900  EPIDEMIOLOGY 

It  is  said  that  these  people  are  careful  to  be  bitten  once  a  year  by  a 
young  viper.  There  have  been  various  explanations  of  the  apparent 
exemption  from  the  action  of  the  venoms  shown  by  snake-charmers  and 
handlers.  Calmette  who  has  looked  into  this  question  rather  minutely, 
says  that  the  methods  pursued  by  the  snake-charmer  in  order  to  protect 
himself  are  varied.  In  the  first  place  he  makes  himself  thoroughly 
familiar  with  the  habits  and  movements  of  the  snake.  He  has  learned 
by  long  experience  to  anticipate  every  movement  and  to  avoid  every 
threatened  strike.  There  is  no  virtue  in  any  of  the  preparations  which 
he  wishes  to  sell  and  to  which  he  attributes  his  boasted  immunity.  In 
some  instances,  the  poisonous  fangs  of  the  snake  exhibited  have  been 
drawn.  Some  have  a  real  immunity  acquired  by  having  been  previ- 
ously bitten  repeatedly  by  young  snakes.  In  some  localities,  undoubt- 
edly a  form  of  vaccination  is  practiced.  In  the  valleys  of  the  Orinoco 
and  the  Amazon  and  among  certain  tribes  in  central  Africa  a  dried 
poisonous  fang  is  used  in  this  procedure;  with  it  two  or  three  minute 
incisions  are  made,  and  the  slight  wound  is  dressed  with  various  herbs 
and  preparations  which  are  supposed  to  give  immunity.  A  Portuguese, 
Pinto  by  name,  has  reported  a  vaccination  to  which  he  submitted,  on  the 
east  coast  of  Africa.  The  natives  obtain  the  venom  of  the  common 
snake  of  that  region,  make  it  into  a  viscid  paste  Avith  vegetable  sub- 
stances, and  with  this  the  vaccination  is  made. 

"Two  parallel  incisions,  five  millimeters  in  length,  are  made  in  the  skin  and  into 
these  is  introduced  the  paste  containing  the  poison.  These  incisions  are  made  on  the 
arms,  near  the  junction  of  the  radius  and  ulna  with  the  carpal  bones,  on  the  back  of 
the  hand,  on  the  back,  on  the  shoulder  blades,  and  on  the  feet  near  the  great  toes. 
K  *  *  After  undergoing  this  operation  my  whole  body  was  swollen  up  for  a  week, 
and  I  underwent  every  possible  kind  of  suffering.  I  have  never  been  bitten  by  any 
snake,  and  cannot  vouch  for  the  infallibility  of  this  remedy. ' ' 

Artificial  Immunity. — In  1887  Sewall  reported  a  series  of  experiments 
which  have  proved  to  be  fundamental  to  all  the  brilliant  and  useful 
discoveries  in  the  production  and  use  of  antitoxins.  This  investigator, 
employing  the  venom  of  the  massasauga  (Sistrurus  catenatus),  deter- 
mined the  minimum  fatal  dose  for  pigeons.  Then,  beginning  with  a 
small  fraction  of  this  dose  and  gradually  increasing  the  amount,  he  was 
able  to  so  immunize  pigeons  that  Avithin  a  few  weeks  they  bore  without 
harm  ten  times  the  minimum  lethal  dose  for  the  control.  Sewall  found 
that  when  the  injections  were  discontinued  the  birds  gradually  lost  their 
immunity,  but  six  months  after  the  last  injection  they  still  showed 
marked  resistance.  Following  these  investigations,  Ehrlich  immunized 
animals  to  the  toxins  of  certain  A^egetable  poisons,  those  of  the.  castor 
and  jequirity  beans.  ■■ 

In   1893'  Kaufmann  immunized   animals,   following   Sewall's   method, 
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to  the  venom  of  tlie  small  French  viper,  but  he  did  not  succeed  in 
producing  a  greater  tolerance  than  three  times  the  minimum  lethal  dose. 
About  the  same  time,  Phisalix  and  Bertrand,  at  the  Paris  National  His- 
tory Museum,  and  Calmette,  at  the  Paris  Pasteur  Institute,  began  ex- 
periments which  demonstrated  that  in  inducing  immunity  in  animals  to 
snake  venom  the  immunizing  principle  is  generated  in  the  blood  of  the 
treated  animal,  and  with  the  serum  of  such  blood,  immunity  could  be 
passively  transferred  to  other  animals.  Phisalix  and  Bertrand  employed 
the  venom  of  the  European  viper.  Solutions  of  this  were  heated  at 
75°  C.  for  five  minutes  and  given  as  first  doses.  These  were  followed 
48  hours  later  by  a  dose  of  the  venom  not  heated.  Calmette  worked 
with  coral  cobra  venom,  which  he  diluted  with  a  one  per  cent  solution 
of  hypochlorite  of  lime. 

"By  degrees  the  quantity  of  venom  is  increased  and  that  of  the  hypochlorite  pro- 
gressively diminished,  and  the  injections  are  repeated  every  three  or  four  days,  while 
attentively  following  the  variations  in  weight  of  the  animals.  The  inoculations  are 
suspended  as  soon  as  emaciation  supervenes,  and  resumed  when  the  weight  becomes 
normal  again.  After  four  injections  of  chlorinated  venom  the  hypochlorite  is  omitted 
and  a  direct  inoculation  made  with  one-half  the  minimum  lethal  dose  of  pure  venom; 
then,  three  or  four  days  afterwards  the  injection  is  increased  to  three-fourths  of  the 
minimum  lethal  dose;  and  finally,  after  the  lapse  of  another  three  or  four  days,  a 
lethal  dose  is  injected.  *  *  *  As  a  rule  three  months  are  necessary  for  the  va&- 
cination  of  a  rabbit  against  20  lethal  doses.  In  six  months  we  can  succeed  in  making 
it  very  easily  withstand  100  lethal  doses." 

Calmette 's  work  was  soon  confirmed  by  Fraser,  of  Edinburgh,  and 
within  a  few  years  institutes  for  the  preparation  of  antivenin  were  es- 
tablished at  Lille,  France,  Avhere  Calmette  did  his  work ;  at  Karauli, 
India ;  in  Philadelphia ;  in  Sao  Paulo,  Brazil,  and  at  Sydney,  Australia. 

Calmette  was  fully  aware  of  the  fact  that  the  active  principles  in 
the  venoms  of  different  species  are  not  identical,  and  consequently,  an 
antivenin  prepared  with  one  venom  would  not  be  efficient  in  the  treat- 
ment of  bites  by  other  snakes.  In  his  book  on  the  subject  (1908) 
he  wrote: 

' '  The  venom  of  Colubridae  in  general  is  characterized  by  the  constant  predominance 
of  nev/rotoxin,  to  which  it  owes  its  extreme  toxicity,  which  is  especially  intense  in  the 
ease  of  cobra  venom.  It  contains  no,  or  scarcely  any,  hemorrhagin ;  for  this  reason 
local  symptoms  of  poisoning  by  Colubrine  are  almost  nil.  This  neurotoxin,  as  we  have 
seen,  shows  itself  very  highly  resistant  to  heat. 

"The  venom  of  Viperidae,  on  the  contrary,  especially  that  of  Lachesis,  is  character- 
ized by  the  almost  total  absence  of  newi*otoxim,,  while  its  richness  in  hemorrhagin  is 
considerable.  Consequently  heating  for  a  few  minutes  at  75°  C.  renders  it  almost 
entirely  negative,  since  hemorrhagin  is  very  sensitive  to  heat. ' ' 

Calmette  prepared  polyvalent  antivenins.  His  animals  (horses)  Avere 
first  immunized  to  cobra  venom  in  order  that  thej^  might  successfully 
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withstand  the  neurotoxin.  Afterwards  these  animals  were  treated  with 
viperine  venom.  At' present  it  is  customary  to  prepare  specific  antisera 
against  the  bites  of  the  poisonous  snakes  most  prevalent  in  the  country 
where  they  are  to  be  used.  In  India  specific  sera  against  tlie  cobra 
and  against  the  vipers  found  in  that  country,  especially  Russell's  viper, 
are  prepared.  In  Australia,  Tidswell  has  prepared  a  specific  antivenin 
against  the  bite  of  the  Notechis  scutatus.  This  antivenin  has  a  marked 
protective  power  against  the  bite  of  this  species,  but  is  not  of  value 
in  the  treatment  of  bites  inflicted  by  other  Australian  poisonous  snakes, 
such  as  the  deaf  adder.  A  specific  serum  against  the  bite  of  the  rattle- 
snake has  been  prepared  by  Flexner  and  Noguchi.  It  was  found  that 
this  preparation  neutralizes  the  effects  of  Crotalus  venom,  but  has  no 
action  against  other  venoms.  In  1904  Noguchi  prepared  two  specific 
antivenins,  one  for  Crotalus  adamanteus,  the  other  for  Ancistrodon 
piscivorus.  In  Brazil  specific  antivenins  have  been  prepared  against  the 
bites  of  the  Fer  de  lance  and  the  South  American  rattlesnake. 

Antivenin,  quite  naturally,  has  not  proved  the  great  success  that  has 
been  won  by  diphtheria  antitoxin.  In  the  first  place,  the  accidents  and 
complications  which  occur  in  immunizing  horses  and  goats  in  order  to 
obtain  the  antivenin  are  numerous.  A  comparatively  long  time  is  re- 
quired, many  animals  are  lost  in  the  procedure,  and  there  is  great 
trouble  with  sloughing  sores,  especially  when  an  antivenin  to  the  bites 
of  vipers  is  being  prepared.  In  the  second  place,  it  is  difficult  to  secure 
concentrated  antivenins,  and  in  the  third  place,  if  the  antivenin  is  not 
used  within  a  few  minutes  after  the  bite  has  been  inflicted  it  is  ineffec- 
tive and,  as  a  rule,  those  bitten  by  snakes  are  not  at  the  time  near 
sources  of  supply  of  antivenin. 

Acton  and  Knowles  have  recently  (1913-1916)  published  a  most  ex- 
haustive study  of  snake-bite.  Their  conclusions  may  be  condensed  as 
follows.  The  active  principle  of  cobra  venom  is  a  neurotoxin  which  is 
thermostabile,  bearing  a  temperature  of  100°  C.  for  ten  minutes;  the 
chief  active  constituent  of  the  venom  of  Russell's  viper  is  a  protein, 
which  begins  to  lose  its  toxicity  at  65°  C.  and  has  completely  lost  it  at 
85°  C.;  these  toxic  elements  are  not  definite  chemical  substances,  but  are 
complex  in  character  and  are  modified  in  their  activity  by  heat;  the 
venoms  of  snakes  are  modified  salivary  secretions  and  contain  all  grada- 
tions of  proteins  from  albumins  to  peptons;  viperine  venoms  are  much 
richer  in  coagulable  proteins  than  are  eolubrine  venoms;  the  neurotoxin 
of  cobra  venom  is  absorbed  with  great  rapidity,  but  is  fixed  in  the 
nerve  cells  in  a  relatively  slow  process;  viperine  venom  is,  on  the  other 
hand,  absorbed  slowly  but  on  entering  into  the  circulation  is  rapidly 
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fixed  to  the  endothelial  cells  of  the  blood  vessels;  with  cobra  venom 
the  union  of  neurotoxin  and  brain  cell  is  a  loose  one  and  can  be  dis- 
sociated ;  with  viper  venom  the  union  with  the  endothelial  cell  is  firm 
and  cannot  be  dissociated;  after  a  cobra  bite  some  delay  in  the  adminis- 
tration of  the  antivenin  may  occur  and  life  still  be  saved ;  in  the  case 
of  viper  bite  the  administration  of  antivenin  must  follow  within  a  few 
minutes  in  order  to  be  of  service ;  all  antivenins  are  relatively  weak 
products  compared  with  standard  diphtheritic  and  antitetanic  sera; 
in  vitro  the  value  of  standard  antivenins  is  for  cobra  venom,  1  c.c.  equals 
1  mg.,  for  viper  venom,  1  c.c.  equals  2  mg. ;  the  relative  effectiveness  of 
methods  of  administration  of  antivenin  are  in  the  following  order — 
subcutaneous,  intraperitoneal,  intravenous;  the  antivenin  is  a  globulin, 
or  behaves  like  a  globulin,  retaining  its  full  potency  up  to  65°  C ;  the 
venom — antivenin  complex  is  a  precipitin  reaction;  the  union  of  venom 
with  antivenin  takes  place  instantaneously;  a  constant  dose  of  antivenin 
Avhen  acting  in  vitro  upon  increasing  doses  of  cobra  venom  neutralizes 
more  and  more  venom ;  an  increasing  dose  of  antivenin  acts  in  vivo  upon 
a  constant  dose  of  cobra  venom,  each  extra  c.c.  of  antivenin  given  neu- 
tralizes less  than  the  c.c.  before  it;  the  law  of  incomplete  or  reversible 
mass  action  holds  true  for  the  union  of  venom  and  antivenin;  the  ad- 
ministration of  a  given  dose  of  antivenin  in  intermittent  half -hourly 
doses  in  cobra  bite  gives  approximately  as  good  results  as  does  the  ad- 
ministration of  the  whole  dose  in  a  single  injection;  in  order  to  save  life 
not  less  than  100  c.c.  of  a  specific  antivenin  should  be  given  at  once 
intravenously ;  by  applying  well-known  methods  of  concentrating  the 
potency  of  weak  antidiphtheritic  sera,  weak  antivenins  have  been  con- 
centrated from  seven  to  ten  times  their  original  potency  against  cobra 
venom;  in  case  of  bite  apply  a  firm  ligature,  preferably  with  three- 
eighths  inch  rubber  tubing;  impregnate  the  area  of  the  bite  with  a 
hypodermic  injection  of  a  solution  of  gold  chlorid;  inject  from  100  to 
200  c-c.  of  antivenin.  preferably  specific,  intravenously. 

Prophylaxis. — A  live  wideawake  population  would  soon  free  any  coun- 
try from  poisonous  snakes.  Even  in  India,  Europeans  and  intelligent 
natives  are  seldom  bitten  by  snakes.  They  do  not  go  barefoot,  but  wear 
heavy  shoes,  with  the  legs  protected  by  puttees.  They  do  not  sleep  on 
the  ground  and  their  houses  are  not  open  to  the  ingress  of  serpents. 
When  walking  at  night  they  carry  lanterns,  and  it  is  worth  mentioning 
that  most  of  the  poisonous  snakes  are  nocturnal  in  their  habits  and  a 
large  percentage  of  their  strikes  in  the  daytime  miss  their  aim.  but  the 
native  Indian  has  his  superstition  about  snakes  and  believes  that  some 
great  harm  will  befall  him  if  he  kills  them. 
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Shiga,  ii,  425 
Strong,  ii,  426 

history  of,  ii,  424 

infection  in,  contact,  ii,  430 
sources  of,  ii,  429 

pathogenicity  of,  ii,  426 
balantidic,  ii,  421 
Bontius  on,  ii,  385 
Cleghorn  on,  ii,  388 
description  of,  ii,  380 
Hippocrates  on,  ii,  381 
history  of,  ii,  381 
in  the  Civil  War,  ii,  392,  395 
in  the  Spanish-American  War,  ii,  402 
in  the  World  War,  ii,  402,  434,  437 
platyhelminthic,  ii,  423 
Pringle  on,  ii,  389 
spirochetic,  ii,  424 
Sydenham  on,  ii,  386 
U.  S.  mortality  statistics  in,  ii,  435 
Woodward  on,  ii,  395-399 

E 


Endemic  goitre,  and  cretinism,  ii,  115 
hemoptysis,  ii,  481 
polyneuritis,  ii,  65 
Entamoeba  coli,  ii,  412,  421 
gingiyalis,  ii,  421 
histolytica,  ii,  412',  415 
pidemic  dropsy,  ii,  65 
influenza,  i,  297 
jaundice,   description  of,   ii,   841 
history  of,  ii,  841 
mild,  ii,  846 
parasite  of,  ii,  843 
prophylaxis  in,  ii,  845 
Ergotism,   cause  and  distribution   of,   ii, 
149 
in  middle  ages,  ii,  151 
in  U.  S.,  ii,  152 
Espundia,    ii,     720     (see    Leishmaniasis 

muco-cutaneous) 
European  relapsing  fever,  ii,  829 
Experimental  meningitis,  i,  596 
pneumonia,  i,  126 
scurvy,  ii,  62 


^ 


F 

Fat-soluble  A,  ii,  24 

Febris  recurrens,  ii,  813 

Fever,  and  ague,  ii,  541    (see  Malaria) 

African  tick,  ii,  813 

black,  ii,  751 


Fever — Cont  'd 

cachectic,    ii,    699 

Carrion's,  ii,  741 

cerebrospinal,  i,  528 

crowd,  ii,  791 

dumdum,  ii,  699 

flood,  ii,  760 

hay,  i,  61 

intermittent,   ii,    541 

jail,  ii,  791 

Japanese  river,  ii,   760 

kedani,  ii,  760 

Malta,  ii,  460 

marsh,  ii,  541 

Mediterranean,  ii,  460 

Oroyo,  ii,  741 

papataci,  ii,  848 

phlebotomus,  ii,  848 

pneumonic,  i,  85 

rat-bite,  ii,  888 

remittent,  ii,  541 

Rocky  Mountain  spotted,  ii,  751 

rose,  i,  61 

sandfly,  ii,  848 

scarlet,  i,  242 

ship,  ii,  791 

spirillum,  ii,  813 

splenic,  ii,  851 

spotted,  ii,  791 

three  days,  ii,  848 

trench,  ii,  836 

typhus,  ii,  791 

undulant,  ii,  460 

yellow,  ii,  624 
Fevers,  relapsing,  ii,  813 

typhoid,  ii,  263 
Filaria  bancrofti,  ii,  532 
Filariasis,  definition  of,  ii,  531 

distribution  of,  ii,  533 

Filaria  bancrofti,  ii,  532 

filariae,  adult,  ii,  534 

development  of,  within  the  mosquito, 

ii,  536 
other  than  F.  bancrofti,  ii,  538 
transfer  of,  from  mosquito  to  man, 
ii,  536 

filarial  mosquitoes,  ii,  534 

history  of,  ii,'  531 

loa  loa,  the,  ii,  538 
Fish  poisoning,  ii,   157 
Flood  fever,  ii,  760 
Food,  accessory  factors,  ii,  20 

poisoning,  ii,  148 
Foods,  antiscorbutic,  value   of   different, 
ii,   51-60 

selection  of,  ii,  28 
Foreign  proteins,   parenteral   disposition 

of,  i,  45 
Fi-amboesia,  description  of,  ii,  681 

distribution  of,  ii,  694 

eradication  of,  ii,  697 

granulomatous  stage  in,  ii,  683 
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Framboesia — Gout  'd 
liistory  of,  ii,  686 
initial  lesion  in,  ii,  682 
tertiary  stage  in,  ii,  685 
transmission  of,  ii,  696 
virus  of,  ii,  696 

G 

General  leishmaniasis,  ii,  699 
German  measles,   control   of,   i,   182 
definition   of,   i,   179 
esantheni  of,  i,  181 
history  of,  i,  179 
incubation  of,  period  of,  i,  181 
invasion  by,  i,  181 
transmission   of,   i,   182 
■  Glanders,  bacillus  of,  i,  642 
description   of,   i,   641 
eradication  of,  i,  643 
history  of,  i,  641 
infection  by,  avenues  of,  i,  642 
Goitre  endemic  and  cretinism,  and  drink- 
ing water,  ii,  135-139 
distribution   of,   ii,   123 
etiology  of,  ii,  135 
history  of,  ii,  116-126 
liyperth3'roidism  in,  ii,  132 
hypothyroidism  in,  ii,  125 
introduction  to,  ii,  115 
iodin  in  the  thyroid,  ii,  134 
prevalence    of,   among   drafted   men 

in  World  War,  ii,  124 
prevention  of,  ii,  143 
studies  on,  ii,  144 
theory  of,  contact  in,  ii,  141 
infection   in,    ii,    139 
Guinea  worm  infestation,  ii,  500 

H 

Hay  fever,  i,  61 

Health,  and  ventilation,  effects  of,  on,  i, 
680 
influence    of    weather    on,    i,    678 
Hemoptysis  endemic,  ii,  481 
Hepatic    schistosomiasis,   ii,   476 
Hill   diarrhea,  ii,   448 
Hookworm  disease,  Ashford  on,  in  Porto 
Eico,  ii,  508 
carriers  in,  ii,  517,  524 
effects  of,  ii,  514 
eradication  of,  ii,  517 

disposal  of  excreta  in  relation  to, 

ii,  524 
procedure    followed    by    Interna- 
tional Health  Board  in,  ii,  517 
Eockefeller     Commission     for,    ii, 

513 

use  of   oil  of  chenopodium  in,  ii, 

521 

thymol  in,  ii,  520 

etiology  of,  ii,  503 

history  of,  ii,  508 


Hookworm  disease — Cont  'd 
in  U.  S.,  ii,  526 
infection  in,  avenues  of,  ii,  506 
introduction  of,  into  Porto  Eico,  ii, 

512 
Porto  Eican  Commission  on,  ii,  507 
Eockefeller  Commission  for  eradica- 
tion of,  ii,  513 
Hydrophobia,  ii,  862  (see  Eabies) 


lehthyotoxism,  ii,   157 
Icterus   gravis,   ii,   841 
Ileocolitis,  ii,  220 
Indian  relapsing  fever,  ii,  831 
Infant   mortality,  by  cause  among  race 
stocks,  ii,  261 
by  nativity  of  mother,  ii,  260 
Infantile  beriberi,  ii,  84 

paraJysis,    i,    599     (see    Poliomyelitis) 
scuTvy,  ii,  60 
Infections,  pulmonic,  phenomena  of,  i,  132 
Infectious  diseases,  and  the  death  rate, 
i,  147 
discussion  of,  i,  25 
resistance    and    susceptibility    to,  i, 
138 
Infestations,  cestode,  ii,  486 
guinea  worm,  ii,  500 
nematode,  ii,  495 
trematode,  ii,  474 
Influenza,  and  the  Aveathcr,  i,  671 
and  tuberculosis,  i,  455,  460 
bacteriology  of,  i,  382 
combative  measures  against,  i,  400 
death  rate  from  all  causes  during  epi- 
demics    of,    in   1889-90     and 
1918,  i,   334 
death  rates  from,  by  weeks,  i,  337 
in  cities  and  camps,  i,   335 
in  Massachusetts  in  epidemics  from 
1889-1894,  i,  309 
deaths  from,  by  age  groups  in  Boston, 

i,  349 
description   of,   i,   297 
distributlou    of    among    reci'uits    and 

seasoned  men,  i,  315,  355 
effect  of,  on  the  tuberculized,  i,  460 
epidemic,  i,  297 
epidemic  of,  in  1915-16,  i,  311 
in  1918,  progress  of,  i,  329,  333 
in   1920   in  Detroit,  i,   350 
in   state   hospitals,  i,   351 
epidemics  of,   duration   of,  i,   378 
experimental,  i,  396 
fatigue,  effects  of,  on,  i,  360 
history  of,  i,  300 
in  the  negro,  i,   353 
morbidity  from,  by  age,  sex  and  race, 
"i,  341 
and  mortality  from,  in  Baltimore,  i, 
347 
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Influenza — Cont  'd 

mortality  from,  among  troops  in  U.  S. 
and  A.  E.  F.,  i,  367  _ 
by  age  groups  in  Michigan,  i,  299 
excess  of,  in  U.  S.  cities,  i,  338 
in  America  and  Europe,  i,  324 
in  different  outbreaks,  i,  312 
in  East  North  Central  cities,  i,  330 
in  large  army  camps,  i,  340 
in  Middle  Atlantic  cities,  i,  327 
in  Mountain  and  Pacific  cities,  i,  332 
in  New  England  cities,  i,  326 
in  South  Atlantic,  East  South  Cen- 
tral and  West  South  Central 
cities   i,   329 
in   the  great  cities  of  the  world,  i, 

323 
in  urban  and  rural  areas,  i,  299 
in  West  North  Central  cities,  i,  331 
yz-trrigin  of  1918  pandemic  of,  in  the  U. 

S.,   i,   324 
J,  pandemic  of,  in  1889-90,  i,   306 

percentage  of  population  attacked  by, 
i,    343 
dying  from,  i,  346 
physical  stamina,  influence  of,  on  epi- 
demics of,  i,  355 
preparation  for   future   pandemics   of 

i,  406 
prevalence  of,  at  Camp  Funston,  i,  310 

in  U.  S.  camps,  i,  313 
previous  attack  of,  protective  influence 

of,  i,  368 
production  of,  in  animals,  i,  397 
quarantine    in,    i,    402 
susceptibility  and  immunity  to,  i,  365 
sprays,  use  of  protective,  in,  i,  403 
theories  of  cause  of,  i,   675 
transmission  of,  i,   370 
vaccines  against,  use  of,  i,  404 
virus,   entrance   of,   into   the  body   in, 
i,   380 
Intermittent  fever,  ii,  541   {see  Malaria) 
Intestinal   schistosomiasis,   ii,   476 
Introduction,  ii,  17 

J 

Jail  fever,  ii,  791  {see  Typhus  fever) 
Japanese  river  fever,  ii,  760 

history  of,  ii,  760 

mite   of,   ii,   763 

prophylaxis  in,  ii,   764 

virus   of,  ii,   764 
Jaundice,   epidemic,   ii,   841 
K 

Kala-Azars   ii,   699    {see  Leishmaniases) 
Kedani  fever,  ii,  760 
Ereotoxism,  ii,  172 

L 
Lamblia  intestinalis,  ii,  430-433 
Lathyrism.  cause  and  distribution  of,  ii, 
'  152-155 


Leishmaniasis    americana,    ii,     720     {see 
Leishmaniasis      m  u  c  o-c  u  t  a- 
neous) 
cutaneous,  description  of,  ii,  713 
distribution  of,  ii,  717 
history  of,  ii,   715 
seasonal  influence  on,  ii,  718 
susceptibility  to,  ii,  718 
transmission  of,  ii,  719 
general,   description   of,   ii,   699 
diagnosis  of,  ii,  701 
distribution  of,  ii,  705 
eradication   of,  ii,   711 
history  of,  ii,   701 
seasonal  relations  of,  ii,  709 
susceptibility  to,  ii,   710 
transmission  of,  ii,  711 
muco-cutaneous,  description  of,  ii,  720 
distribution   of,  ii,   723 
history  of,  ii,  721 
in  animals,  ii,  724 
prevention   of,   ii,   725 
transmission  of,  ii,  724 
tropica,    ii,     713     {see    Leishmaniasis 
cutaneous) 
Leprosy,  anesthetic  form  of,  i,  524 
animal   experimentation  in,   i,  522 
bacillus  of,  i,  520 
definition  of,  i,  516 
distribution  of,  present,  i,  517 
eradication  of,  i,  524 
history  of,  i,  516 
infection  by,  avenues  of,  i,  521 
prevalence  of,  in  the  U.  S.,  i,  518 
studies  on,  by  U.  S.  Public  Health 
Service,  i,  518 
tubercular  form  of,  i,  523 
Liberty  measles,  i,   179 
Loa  loa,  the,  ii,  538 
Lobar  pneumonia,  i,  111 
Lockjaw,  ii,  726   {see  Tetanus) 
Lyssa,  ii,  862   {see  Eabies) 


M 


Malaria,  anopheles,  ii,  556 
activity  of,  ii,  558 
breeding  of,  ii,  574 
breeding-places  of,  ii,  571 
color  attraction  for,  ii,  569 
domesticity  of,  ii,  568 
feeding  habits  of,  ii,  566 
flight  of,  ii,  559 

in  control  and  eradication  of,  ii, 

564 
generations  of,  ii,  576 
hibernation  of,  ii,  568 
resting  position  of,  ii,  565 
species    of,    known    to    transmit,  ii, 

557-558 


INDEX 


on 


Malaria — Cont  'd! 
artificial  transportation  of  mosquitoes, 

ii,   582 
definition   of,  ii,  541 
distribution  of,  ii,  590 
history  of,  ii,  541 
index  in,  fever,  ii,  589 
parasite,  ii,  588 
spleen,  ii,  588 
introduction  of,  into  Greece,  ii,  541 

into  Italy,  ii,  544 
Laveran  on,  ii,  547 
mosquitoes,  enemies  of,  in,  ii,  576 
observations  on,  in  U.  S.,  ii,  547 
parasites  of,  ii,  549 

life-cj^cle  of,  ii,  555 
prevalence  of,  ii,  583 

among  whites   and   negroes,  ii,   585 
preventive  measures  in,  ii,  594 
antimosquito,  in  Greece,  ii,   612 
in  Havana,  ii,  601 
in  Italy,  ii,  610 
in  Malaya,  ii,  614 
in  Eio  de  Janeiro,  ii,  608 
in  United  States,  ii,  615 
on  Canal  Zone,  ii,  602 
fish    in    destruction    of    mosquitoes, 

ii,  579 
larvicides,  use  of,  ii,  600 
petroleum,  use  of,  ii,  600 
reduction   of,   in   U.    S.   Army   experi- 
ence, ii,   621 
treatment    of,    cinchona    bark    in,    ii, 
545 
Jesuits '  powder  in,  ii,  545 
Malignant   pustule,  ii,  851 
Malta  fever,  Bruce  on,  ii,  467 
control  of,  ii,  473 
description  of,  ii,  460 
diagnosis  and  differentiation  of,  ii, 

467 
distribution  of,  ii,  468 
histoiy  of,  ii,  460 
Marston  on,  ii^  464 
micrococcus  of,  ii,  469 
report   of  commission   to   studv,   ii, 

472 
transmission  of,  ii,  470 
Marsh  fever,  ii,  541  {see  Malaria) 
Measles,  Brownlee  's  theory  of,  i,  163 
control   of,  i,   176 
Creighton's  theory  of,  i,  147 
death  rates  from,  i,   154 
definition  of,  i,  144 
enanthem  of,  i,   169 
epidemics  of,  periodicity  of,  i,  161 
exanthem  of,  i,  170 
experimental,  i,   170 
German,  i,  179  {see  German  measles) 
history  of,  i,  144 
liberty,  i,  179 


Measles— Cont  'd 

mortality  from,  i,  145 

by  age  gi-oups  in  Michigan,  i,   169 
due  to  secondary  infection,  i,  165 
in  Aberdeen  and  Glasgow,  i,  168 
in  Chicago,  i,  168 
in  complicated,  i,   167 
in  uncomplicated,  i,   167 
in  urban  and  rural  areas  U.  S.  reg- 
istration states,  i,  161 
periodicity  of,  epidemics  of,  i,  161 
pneumonia,   relation   of,  to,  i,    160 
prevalence    of,    at    Camp   Wheeler,    i, 
156 
in.  army  camps,  155 
in  Detroit,  i,  166 
in   home    camps   and   expeditionary 

forces,  i,  159 
in  the  Civil  War,  i,  160 
in   the  Faroe  Islands,  i,   149 
in  the  Fiji  Islands,  i,  151 
present,  i,   153 
production   of,  in  monkeys,  i,   172 
transmission  of,  i,  175 
virus  of,  i,  174 
Watt's  theory  of,  i,  146 
Meat  poisoning,  ii,  172 
Mediterranean  fever,  ii,  460 
Meningitis,  anthrax,  i,  596 

due    to   other   organisms,   i,   597 
experimental,  i,  596 
pneumococcic,   i,   595 
streptococcic,  i,  595 
syphilitic,  i,   596 
tuberculous,  i,  594 
Meningococcus  the,  i,  565 
Monilia  psilosis,  ii,  454 
Morbilli,  i,  144 

Muco-cutaneous  leishmaniasis,  ii,  720 
Mumps,  admission  rates  for,  i,  276 
animal  inoculation  viath,  i,  278 
control  of,  i,  280 
definition  of,  i,  275 
history  of,  i,  275 
prevalence  of,  in  armies,  i,  276 
susceptibility  to,  i,  279 
virus  of,  i,  277 
Mussel  poisoning,  ii,  167 
Mytilotoxism,   symptoms   in,  ii,    167-169 
theories  concerning  cause  of,  ii,  169- 
172 

N 

Nematode  infestations,   Ascaris  lumbri- 
coides,  ii,  495 
trichiura,  ii,  497 
dracontiasis,  protection   against,  ii, 

502 
Dracunculus      medinensis,      ii,      500 
(see    Guinea     worm     infesta- 
tion) 
general  statements,  ii,  495 
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Nematode  infestations —  Cont'd 
Oxyuris  vermicularis,  ii,  496 
Trichina  spiralis,  ii,  497 
Trichoeephalus    dispar,   ii,   497 

hominis,  ii,  497 
Trichuris  trichiura,  ii,  497 

O 

Ophidismus,  ii,  892    {see  Snake-bite) 
Oriental  sore,  ii,  713  {see  Leislimaniasis 

cutaneous) 
Oroyo  fever,  ii,  741 


Paludism,  ii,  541  {see  Malaria) 
Papataci  fever,  ii,  848 
Paraeholeras,  ii,   372 
Paragonimiasis,    description    of,   ii,    481 

parasite  of,  ii,  482 

prevention  of,  ii,  482 
Paralysis,    infantile,    i,    599     (see    Polio- 
myelitis) 
Paratyphoid  A,  ii,  269 

B,   ii,   269 
Parotitis,  epidemic,  i,  275 
Pellagra,  description  of,  ii,  89 

distribution  of,   ii,   102 

etiology  of,  ii,  90 

eradication  of,  ii,   101 

Goldberger  and  Wheeler  on,  ii^  95 

Harris  on,  ii,  94 

history  of,  ii,  89 

maize   theory   in   causation   of,   ii,   93 

theories  as  to  causation  of,  ii,  93-101 

transmissibilitj^  of,  ii,  90 
Persian  relapsing  fever,  ii,  830 
Pertussis,  i,  282   {see  Whooping  cough) 
Peruvian  wart,  ii,  741 
Pest,  the,  ii,  770  (see  Plague) 
Phlebotomus    fever,    description    of,    ii, 
848 
distribution  of,  ii,  849 
phlebotomus,  the,  ii,  849 
prophylaxis  in,  ii,  850 
virus  of,  ii,  850 
Plague,  bacillus  of,  ii,  776 

description  of,  ii,  770 

history  of,  ii,  770 

infection  in,  modes  of,  ii,  779 

measures  against,  ii,  784 

for  personal  protection,  ii,   788 

pneumonia,  i,  128 

rat,  the,  a  distributor  of,  ii,  781 

recent  outbreaks  of  human,  ii,  788 
Platyhelminthic  dysentery,  ii,  423 
Pneumococcus,  description  of,  i,  111 

meningitis,  i,  595 

pneumonia,  i,   111 

types  of,  i,   114 


Pneumonias,  anthrax,  i,  129 
broncho,  i,  118 
classification    of,    in    army    camps    in 

1917-18,  i,   102 
control  of,  i,  116,  141 
death    rate    from,    comparison    of,    in 
northern     and     southern     sol- 
diers, i,  98 
in  large  cities  of  U.  S.  since  1911, 

i,  110 
in  Michigan  and  Detroit,  i,  99 
deaths  from,  in  Detroit,  i,  656 
description  of,  i,  85 
distribution     of,     among    ui'ban    and 
rural  troops,  i,  97 
by  race  and  age,  i,  106 
in  army  camps,  i,   93-94 
in  cities,  i,  101 
excess  of,  in  citiesi,  i,  130 
experimental,  i,  126 
history  of,  i,  86 
immunity,  nonspecific  in,  i,  134 
lobar,  i.  111 

mortality    from,    in    urban    and    rural 
area  U.  S.  registration  states, 
i,  100 
other,  i,  129 
phenomena  of,  i,  132 
plagtie,  i,  128 
pneumococcus,  i.  111 
predisposing  causes  in,  i,  130 
prevalence   of,   at    Camp   Beauregard, 
i,    104 
at  Camp  Devens,  i,  107 
at  Camp  Shelby,  i,  136-137 
at  Camp  Sherman,  i,  137 
greater,  among  negroes,  i,  107,  111 
in  the  Civil  War,  i,  90 
in  the  IT.  S.  during  eighteenth  cen- 
tury, i,   87,   89 
in  the  War  of  1812,  i,  89 
in  the  World  War,  i,  91 
in  urban  and  rural  communities,  i, 

99 
recent,  i,  108 
seasonal  variations  in,  i,  139 
spirochetal,  i,  127 
staphylococcus,  i,   127 
streptococcus,  i,  118 

relationship    of,    in    man    and    ani- 
mals, i,  125 
traumatic,  i,  129 
typhoid,  i,  128 
vaccination  in,  i,  116 
at  Camp  Wheeler,  i,  117 
Pneumonic  fever,  i,  85 
Poison,  protein,  i,  31 
Poisoning,  cheese,  ii,  160 

botulism,  comparison  with,  ii,  186 
fish,  ii,  157 
food,  ii,  148 
meat,  ii,  172 
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Poisoning,  botulism — Cont  'd 
mussel,  ii,  167 
sausage,  ii,  185 
Poliomyelitis,  annual  death  rates  from, 
i,  609 
carriers    of,    domestic    animals    as,    i, 

636 
cerebrospinal  fluid  in,  i,  636 
control  of,  i,  637 
description  of,  i,  599 
domestic  animals  as  carriers  of,  i,  636 
early  recognition  of,  i,  632 
history  of,  i,  600 
liospitalization  and  isolation  of  cases 

of,  i,  616 
in  the  monkey,  i,  629,  633 
incidence  of,  around  New  York,  i,  622 
insects,  agency  of,  in,  i,  615 
insects  as  carriers  of,  i,  635 
morbidity     and     mortality     from,     in 
urban  and  rural  areas,  i,  624 
mortality    from,    by    age    groups    in 
Michigan,  i,  610 
ew  York  epidemic  of,  i,  611 
notable  outbreaks  of,  i,  603 
paralytic  and  nonparalytic,  i,  617-618 
path  of  invasion  of,  i,  631 
23revalence   of,   around   New  York,   i, 
622 
in  Cincinnati,  i,  624 
in  Ithaca,  N.  Y.,  i,  639 
in  Massachusetts,  i,  626 
in  Sweden,  i,  603 
in  U.  S.  cities  in  1916,  i,  620 
in  Vermont,  i,  625 
in  Wisconsin,  i,  627 
preventive  measures  in  spread  of  New 

York  epidemic  of,  i,  619 
Schick  test  in,  i,   634 
second  attacks  of,  i,  637 
susceptibility  to,  i,  627 
transmission  of,  i,  630,  635 
vaccination  against,  i,  634 
virus  of,  i,  628 

virulency  of,  i,  607 
Pollinosis,  Blackley  on,  i,  63 
Bostock   on,  i,   61 
cases  and  causes  of,  three  groups  of, 

i,  76 
cutaneous  test  for,  i,  75 
desensitization  in,  i,  76 
discussion  of,  i,  61 
history  of,  i,  61 
prevalence    of,    seasonal,    in    England 

and  U.   S.,  i,   65 
prevention  of,  i,  78 
sensitization  in,  i,  67 
cause  of,  i,  69 

due   to   bacterial  proteins,  i,   74 
food,  i,  73 

pollen,  asthma  due  to,  i,  74 
Polyneuritis,  endemic,  ii,  65 


Precipitins,  i,  51 

Protein  diseases,  discussion  of,  i,  25 
fever,  acute  fatal,  i,  38 
continued,  i,  39 
discussion  of,  i,  36 
poison,  action  of,  i,  34 
discussion   of,  i,   31 
Proteins,  bacterial,  i,  26 

foreign,  i,  45 
Psilosis,  ii,  440  {see  Sprue) 

E 

Eabies,  Aurelianus  on,  ii,  872 
canina,  ii,  862 

control  and  eradication  of,  ii,  884 
description  of,  ii,   862 
early  symptoms  of,  in  the  dog,  ii,  862 
history  of,  ii,  869 
immediate  treatment  in,  ii,  882 
in  the  cat,  ii,  866 
incubation  period  of,  in  man,  ii,  868 

in  the  dog,  ii,  866 
mortality  from,  in  United  States,  ii, 

886 
Pasteur's  work  on,  ii,  877 
symptoms    of,    early,    in   the    dog,    ii, 

862 
transmission  of,  ii,  883 
treatment  in,  immediate,  ii,  882 
Pasteur,  accidents  and  sequelae  of, 
ii,  880 
Cumming's     modification     of,    ii. 

879 
Harris'  modification  of,  ii,   880 
results  of,  ii,  878 
water,  ii,  870 
virus  of,  ii,  881 
Rachitis,  description  of,  ii,  106 
etiology  of,  ii,  107 
Hess   and  linger  on,  ii,  109-110 
history   of,   ii,   106 
Mellanby  on,  ii.  111 
prevention  of,  ii,  114 
sunlight  on,  effects  of,  ii,  112-114 
Rat-bite  fever,  description  of,  ii,  88S 
history  of,  ii,  889 
prop)hylaxis  in,  ii,  891 
virus   of,   ii,   889 
Relapsing  fevers,  African,  ii,  827 
American,  ii,  833 
description  of,  ii,  813 
European,  ii,  829 
history   of,   ii,   815 
in  Ireland,  ii,  818-822 
in  Scotland,  ii,  822-824 
in  the  United  States,  ii,  825 
Indian,  ii,  831 
Persian,  ii,   830 
prevention    and    eradication    of.    ii, 

833 
virus    of,    specific,    discoverv    of,    ii, 
824 
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Eemittent  fever,  ii,  541   (see  Malaria) 

Eickets,  ii,  106  (see  Eachitis) 

Eocky    Mountain    spotted    fever,    cause 
of,  ii,  753 
description   of,  ii,   751 
distribution  of,  ii,  757 
eradication  of,  ii,   758 
history  of,  ii,  752 
tick  in,  habits  of  the,  ii,  756 

Eose  fever,  i,  61 

Eubella,  i,  179 

Eubeola,  i,  144 


Sandfly  fever,  ii,  848 
Sausage    poisoning-,    ii,    185     (see    Botu- 
lism) 
Scarlatina,  i,  242 

Scarlet    fever,    age  in,    i,    260,    262,    269 
animal  inoculation  for,  i,   269 
antisera  for,  i,  265 
control  of,  i,  271 

method  pursued  for,  in  Massachu- 
setts, i,  261 
delinition  of,  i,  242 
epidemic  of,  Hendon,  i,  264 

JSTew  Hampshire,  i,  244 
epidemics  of,   in  England   and  Ire- 
land, i,  248 
milk-borne,  i,  263 
Webster's  report  on,  i,  246 
Hendon   epidemic  of,  i,  264 
historj^  of,  i,  242 
hospital  treatment  of,  i,  273 
incubation   and  invasion   of,  i,   270 
inoculation   for,   animal,  i,   269 
milk-borne  epidemics  of,  i,  263 
mortality   from,    by   age   groups   in 
Michigan,   i,  259 
in  large  cities  of  the  U.  S.,  i,  253 
in  Eegistration  Area,  i,  250 
in  urban  and  rural  areas,  i,  255 
racial  variations  in,  i,   252 
New  Hampshire  epidemic  of,  i,  244 
prevalence  of,  and  climate,  i,  251 
in  Chicago,  i,  255 
in   Detroit,  i,  254 
in  largest   cities   of   the   U.    S.,   i, 

256 
in  the  World  War,  i,  262 
recent,  i,   251 
racial  variations  in,  mortality  from, 

i,  252 
streptococcus,  relation  of  the,  to,  i, 

265 
susceptibility  to,  i,  268 
transmission    of,   i,   256 
virus  of,  i,  263 

Webster 's   report   on   epidemics   of, 
i,  246 


Schistosomiases,  ii,  474 

classification  and  distribution  of  trem- 

atodes,  ii,  483 
parasites  of,  ii,  477 
prevention  of,  ii,  478 
Schistosomiasis,  hepatic,  ii,  476 
intestinal,  ii,  476 
urinary,   distribution   of,  ii,  474 
recognition  of,  ii,  475 
symptoms  of,  ii,  475 
Scurvy,   and   early   sea   A^oyages,   ii,   37,. 
38,  43,  44 
Boerhaave  on,  ii,  41 
Budd  on,  ii,  37 

Cartier  's   experience   with,  ii,   38 
description  of,  ii,   36 
experimental,  ii,  62 
first  published  accounts  of,  ii,  39-41 
Hess  on,  ii,  57 
history  of,  ii,  37 

in  armies  and  navies,  ii,  42,  43,  45 
in  besieged  cities,  ii,  49 
in  South  Africa,  ii,  48 
in  the  Civil  War,  ii,  46 
in  the  World  War,  ii,  46 

Wilcox  on,   among  British   and  In- 
dian troops,  ii,  47 
infantile,  ii,  60 
and  diet,  ii,  61 
Barlow's  studies  on,  ii,  60 
investigation  and  report  of  Ameri- 
can Pediatric  Society  on,  ii, 
61 
prevalence   of,   greatest,  in   certain 
age  groups,  ii,  62 
.Toinville   on,  ii,  37 
Lind  on,  ii,  43,  49 
Magellan's  experience  with,  ii,  38 
milk,  value  of,  in,  ii,  58 
theories  of,  ii,  48 
bacterial,  ii,  51 
contagious,   ii,   51 
drinking  water,   bad,   in    causation 

of,  ii,  50 
weather  and,  ii,  49 
Season  and  disease,  i,  664 

and  disease  mortality,  i,  670 
Selection  of  foods,  ii,  28 
Shimamushi  fever,  ii,  760 
Ship  fever,  ii,  791 
Sitotoxism,  ii,  149 
Sleeping  sickness,  African,   ii.   663 
Smallpox,  control  of,  i,  209 
definition  of,  i,  183 
history  of,  i,  183 
immunity  to,  i,  189,  197,  202 
incubation  and  development  of,  i,  203 
inoculation,   effect  of,   on  the  prograss 
of,  i,  189 
for,  i,  185 

practice  of,  by  Jesty,  i,  193 
procedures  of,  i,  190 
with  cowpox,  i,  192 
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Smallpox — Cout  'd 

Jenner's  work  on  vaccination  for,  i, 

194 
Kilpatrick's  method  in,  i,  188 
prevalence   of,   in  Boston   in    1721,   i, 
187 
in  Charleston  in  1738,  i,  187 
in  London  in  seventeenth   century, 

i,  184 
present,  i,  207 
revaccination  against,  i,  201 
vaccination  against,  i,  192 

in  relation  to  prevalence,  i,  208 
Jenner's  work  on,  i,  194 
procedure  in,  i,  201 
theory  of,  in,  i,  202 
vaccines,  preparation  of,  in,  i,  198 

supervision  of,  in,  i,  200 
varieties  of,  i,  205 
varioloid,  i,  206 
virus  of,  i,  203 
Snake-bite,  immunity   in,   ii,   900 
natural,  ii,   897 
poisonous  serpents  in,  distribution  of, 
ii,  892 
venoms  of,  ii,  895 

Mitchell  and   Eeichert   on,   ii,   896 
prophylaxis  in,  ii,  903 
Sodoku,  ii,  888 
Sokiosa  (Japanese),  ii,  888 
Solanotoxism,  ii,  155 
Spirillum  fever,  ii,  813 
Spirochetal  pneumonia,  i,  127 
Spirochetic  dysentery,  ii,  424 
Spirochetosis  icterohemorrhagica,  ii,  841 
Splenic   fever,   ii,   851 
Spotted  fever,  ii,  791 
Sprue,  Ashford  on,  ii,  453 
description  of,  ii,  440 
distribution  of,  ii,  456 
etiology  of,  ii,  452 
history  of,  ii,  441 
in  Forto  Rico,  ii,  453 
in  the  United  States,  ii,  451 
Monilia  psilosis  in,  ii,  454 
prevention  of,  ii,  454,  457 
racial  incidence  in,  ii,  456 
Staphylococcus   pneumonia,   i,    127 
Stegomyia  the,  ii,  636 
Stomatitis  intertropica,  ii,  440 
Streptococcus,  description  of,  i,  118 
in  milk,  i,   124 
in  septic  sore  throat,  i,  124 
meningitis,  i,  595 
mutations  in,  i,  121 
pneumonia,  i,  118 
strains  of,  i,  119 
vaccines  for,  i,  123 
Summer   catarrh,   i,   61 

diarrheas    of    infancy,     ii,     220     {see 
Cholera  infantum) 
Syphilitic  meningitis,  i,  596 


T 

Temperature,    eifects    of,    on    disease,    i, 

658 
Tetanus,  an  infectious  disease,  ii,  730 
antitoxin  of,  ii,  735 
bacillus  of,  ii,  731 
description  of,  ii,   726 
Hirsch  on,  ii,  727 
history  of,  ii,  727 
in  the  newborn,  ii,   728-729 
in  the  World  War,  ii,  736 
in  war,  ii,  728 
toxin  of,  ii,  733 

treatment   of,   value   of   antitoxin   in, 
ii,  739 
Three  days  fever,  ii,  848 
Traumatic   pneumonia,   i,   129 
Trematode     infestations,     ii,     474     {see 

Schistosomiases) 
Trematodes,  classification   and  distribu- 
tion of,  ii,  483 
Cladorehis   watsoni,  ii,  485 
Clonorchis  endemicus,  ii,  484 

sinensis,  ii,  484 
Dicrocoelium   lanceatum,   ii,   483 
Echinostoma  ilocanum,  ii,   483 

malayanum,  ii,  483 
Fasciola  gigantica,  ii,  483 

hepatica,   ii,  483 
Fasciolopsis  buski,  ii,   483 
fiillebornii,  ii,  483 
goddardi,  ii,  483 
rathouisi,  ii,  484 
Gastrodiscus  hominis,  ii,  485 
Heterophyes   heterophyes,   ii,   484 
Metagonimus   yokogawai,  ii,  484 
Metorchis  truncatus,  ii,  484 
Opisthorchis  felineus,  ii,  484 

noverca,  ii,  484 
Paragonimus  westermani,  ii,  484 
Schistosomum  hematobium,   ii,   485 
japonicum,  ii,  485 
mansoni,  ii,  485 
Trench  fever,  ii,   836 

eradication  of,  ii,  840 
Red  Cross   Commission  on,  ii,  837 
transmission  of,  ii,  837 
Trichinosis,  botulism,  comparison   %\-ith, 

ii,  198 
Trismus,  ii,   726   {see  Tetanus) 
Trypanosomes,  ii,  669 
Trypanosomiases,    African,    or    sleeping 
sickness,  ii,  663 
in  Gambia,  ii,  665 
definition  of,  ii,  663 
in  horses,  ii,  675 
Novy  and  McNeal  on,  ii,  677 
prophylaxis  in,  ii,  678 
Trypanosoma   cruzi,  ii,   673 
trypanosomes  in,  ii,   669 
tsetse  fly  in,  ii,  678 
Tsutsugamushi  fever,  ii,  760 
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Tuberculosis,  and  influenza,  i,  455,  460 
antibodies,  production  of,  in,  i,  466 
avenues  of  infection  by,  i,  438 
bacillus  of,  i,  425 

and    other    acid-fast    organisms,    i, 

437 
avian,  i,  435 
bovine,  i,  432 

infection  in  man  with,  i,  433 
report  of  English  Commission  on, 
i,  433 
chemistry  of,  i,  429 
destruccion  of,  i,  427 
path  of,  in  the  body,  i,  448 
sunlight,  effect  of,  on,  i,  428 
classification  and  diagnosis  of,  by  Na- 
tional Tuberculosis  Assn.,  i, 
482 
colonies  for,  i,  486 
congenital,  i,  424,  446 
death  rates  from,  in  largest  cities  of 

the  IJ.  S.,  i,  421 
description  of,  i,  409 
detection   of,  surveys   for,  i,  497 
■   dispensary  care  of,  i,  476 
educational    propaganda     against,    i, 

495 
Framingham  experiment  in,  i,  500 
future  work,  suggestion  for,  against, 

i,   507 
Garden  cities,  protection  afforded  by, 

against,  i,  474 
history  of,  i,  411 
home  care  in,  i,  476 
hospitals  for,  i,  490 
immunization  of  animals  to,  i,  466 
in   cattle,  i,  441,  446 
in  laboratory  animals,  i,  440-441 
in  the  American  Indian,  i,  468 
incubation  of,  period  of,  i,  451 
infection,  avenues  of,  by,'  i,  438 
by  individual  contact  with,  i,  468 
latent,  with,  i,  445 
permanent,   of  homes,   with,  i,   469 
influenza,  effect  of,  on,  i,  455 
measles,  effect  of,  on,  i,  453 
morbidity  and  mortality   rates   from, 
in  Germany  and  allied  coun- 
tries, i,  513 
mortality    from,    by    age    groups    in 
Michigan,  i,  460 
in  overcrowded  communities,  i,  469 
in  urban  and  rural  areas,  i,  472 
mortality  rates  from,  i,  410 
National  Association  against,  i,  504 
Open-air  schools  in  the  prevention  of, 

i,   505 
permanent  infection  of  homes  with,  i, 

469 
piseidian    and    reptilian    types    of,    i, 

436 
present  distribution  of  in  U.  S.,  i,  512 
schemes  of  combating,  i, -506 


Tuberculosis — Cont  'd 

prevalence  of,  ancient,  i,  411 
preventive  measures  in,  i,  451 
reinfection,  in,  i,  461 
researches  of  Koch  on,  i,  423 

of  Villemin  on,  i,  422 
sanatoria  for,  i,  479 
location  of,  i,  485 
sequelae  in,  i,  453 
superinfection   in,   i,   463 

animal  experimentations  on,  i,  463 
surveys  for  detection  of,  i,  497 
susceptibility  of  different  race  stocks 

to,  i,  459 
Trudeau's  work  on,  i,  479 
tuberculin  test  in,  i,  454,  462 
tuberculization,  effect  of,  on  progress 
of,  i,  467 
Tuberculous  meningitis,  i,  594 
Tularemia,  bacterium  of,  ii,  768 
descri]3tion  of,  ii,   766 
history  of,  ii,  766 
prevention  of,  ii,  769 
Typhoid  fevers,  air-borne,  ii,  316 

bacillus  of,  path   of,  in   the  body, 

ii,  307 
carriers  in,  ii,  312 
causative  organisms  in,  ii,  268 
contact,  ii,  297 
description  of,  ii,  263 
eradication  of,  ii,  349 
fly-borne,  ii,  304 
history  of,  ii,  263 
in  armies,  ii,  324 
in  Detroit,  sources  of,  ii,  281 
in  Eegistration  Area,  ii,  266 
in  the  Civil  War,  ii,  267 
in    the    Spanish-American    War,    ii, 

328 
in  the  World  War,  ii,  343 
incubation  of,  period  of,  ii,  305 
milk-borne,  ii,   290 

studies  on,  ii,  296 
mortality  from,  ii,  273 
by  color  and  sex,  ii,  289 
in    Civil,    Spanish-American    and 
World  Wars,  ii,  347 
Paratyphoid  A,  ii,  269 

B,  ii,  269 
prevalence  of,  investigations  of  Ty- 
phoid    Commission    into,    ii, 
297 
seasonal,   ii,   321 
protection  afforded  against,  by  i^re- 

vious  attack,  ii,  334 
reduction    of,  introduction   of  pure 
water-supply  a  factor  in,  ii, 
277 
report  of    Typhoid    Commission    on, 

ii,  328 
susceptibility  to,  individual,  ii,  332 
transmission  of,  ii,  270 
vaccination  against,  ii,  335 
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Typhoid  fevers — Cout  'd' 
water-borne,  ii,  271 

prevention    of,    methods    for,    ii, 
285 
Typhoid  pneumonia,  i,  128 
Typhus  fever,  delousing  in,  ii,  808 
description  of,  ii,  791 
history  of,  ii,  791 
in  the  Civil  War,  ii,  803 
in  Eussia,  ii,  804 
in  the  United  States,  ii,  802,  803, 

805 
in  the  World  War,  ii,  802 
Pediculus    vestimenti,    ii,    806    {see 
P.  humanus  and  P.  corporis) 
virus   of,  ii,  811 
Tyrotoxism,  ii,  160 

U 

Uncinariasis,    ii,    503     {see    Hookworm 

disease) 
Undulant  fever,  ii,  460 
Urinary  schistosomiasis,  ii,  474 

V 

Vaccination  in  the  infectious   diseases, 

i,  50 
Varicella,  i,  212 
Variola,  i,  183 
Varioloid,  i,  206 

Ventilation,  effects  of,  on  health,  i,  680 
Verruga   peruviana,    description    of,    ii, 
741 
eruptive  stage  in,  ii,  742 
history  of,  ii,  743 
Oroyo  fever,  virus  of,  ii,   747 
prophylaxis  in,  ii,  750 
transmission  of,  ii,  749 
virus  of,  ii,   748 
Vitamins,  discussion  of,  ii,  20 
early  work  on,  ii,  20 
fat-soluble  A,  ii,  24 
foods,  selection  of,  with  reference  to, 

ii,  28 
Hess  on,  ii,  30 

Lister  Institute,  work  of,  on,  ii,  31 
McCarrison  on,  ii,  33 
•  presence  of,  in  different  foods,  ii,  32 
researches  of  Hopkins  on,  ii,  21 

of  McCollum  on,  ii,  22,  28 
three,  discussion  of,  ii,  31 
water-soluble  B,  ii,  24 


W 

Water-soluble  B,  ii,  24 
Weather  and  disease,   discussion   of,   i, 
645 
and  influenza,  i,  671 
influence  of,  on  civilization,  i,  646 
on  death  rate,  i,  676 
on  health,  i,  678 
Weil's  disease,  ii,  841 
Whooping  cough,  carriers  of,  i,  292 

cases  of,  and  deaths  from,  in  Chi- 
cago, i,  290 
control  of,  i,  295 
death  rates  from,  i,  283 

by  age  groups  in  Michigan,  i,  288 
in  age  groups,  i,  287 
in  cities,  i,  284 

in  urban  and  rural  areas,  i,  283 
seasonal,  i,  289 
definition  of,  i,  282 
diagnosis  of,  i,  294 
history   of,  i,   282 
prevalence   of,  in  urban   and   rural 

areas,  i,  291 
susceptibility  to,  i,  286 
transmission  of,  i,  291 
vaccination  against,  i,  293 
virus  of,  i,  284 
Wool  sorters'  disease,  ii,  851 


Xerophthalmia,  diet  as  cause  of,  ii,  26 

Y 

Yaws,  ii,  681   {see  Framboesia) 
Yellow  fever,   definition  of,  ii,  624 

Finlay  on,  ii,  628 

French  Commission  on,  ii,  640 

history  of,  ii,  624 

immunity  in,  ii,  655 

in  Philadelphia  in   1793,  ii,  633 

Noguchi's  researches  on,  ii,  635 

present  endemicity  of,  ii,  634 

stegomyia  in,  ii,  636 

breeding-places   of,  ii,  643 

distribution  of,  ii,  648 

eggs  of,  ii,  644 

feeding  habits  of,  ii,  637 

flight  of,  ii,  642 

larvae  of,  ii,  647 

mating  of,  ii,  643 

transportation   of,  by   man,  ii,   652 

susceptibility  to,  of  animals,  ii,  656- 
657 

Yellow    Fever    Commission    on,    ii, 
630 


